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MEMBERS IN ATTENDANCE AT THE NINETY-FIRST ANNUAL MEETING
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Gayle Woodson, Gresham Richter, Diana Orbelo, Adam Klein.

 Row 2.  Mona Abaza, Eiji Yanagisawa, Paul Castellanos, Karen Zur, Andrew Blitzer, Michael Rothschild, Gregory Postma, 
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 Row 3.  Paul Willging, Arnold Komisar, Joel Blumin, Nicole Maronian, Steven Zeitels, Gregory Grillone, Jeffrey Laitman, 
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 Row 4.  Marc Remacle, Melissa Statham, Randal Paniello, James Burns, Alessandro de Alarcon, Mark Gerber, Scott Rickert, 
Albert Merati, Lauren Holinger, Lee Akst, Peter Belafsky, Mark Courey, Craig Derkay.

 Row 5.  Michael Johns, Nwanmegha Young, Jonathan Bock.
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 Rochester, Minnesota
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PRESIDENTS CIRCLE

Dear Fellow Member,

The ABEA is fortunate to count among its leadership those who have supported our science through the 
creation of the Presidents Circle and Leadership Funds.

Here, we recognize those whose gifts will ensure the ABEA’s preeminent representation of advances in 
the science of laryngology and broncho-esophagology.

List of contributors:

 Presidents Circle:

 Jonathan Aviv
 Andrew Blitzer
 Gady Har-El
 Jamie Koufman
 Clarence Sasaki
 Peter Sasaki
 Peak Woo
 Eiji Yanagisawa
 Steven Zeitels

 Leadership Funds:

 James Burns
 Ellen Deutsch
 David Eibling
 Gregory Grillone
 Ian Jacobs
 J. Scott McMurray
 Gregory Postma
 Marc Remacle
 Michael Rothschild
 Dana Thompson

I am so grateful for the contributions we have received from a number of past Presidents and Council in 
developing two very important support mechanisms for our growing and vibrant Society: the Presidents Circle 
and the Council’s Leadership Circle. Thus far, through combined contributions of nearly $20,000, we affirm 
the role of this Society in promoting the science so necessary in the care of our patients.

I hope that you, too, will want to recognize the importance of our Society’s past contributions by consid-
ering a contribution of your own, in support of our future. I would be happy to hear from you individually or 
from patients you have successfully treated whose gratitude might be reflected in support of the science that 
enabled their successful care.

Please contact us at ABEA@facs.org

Thank you and with all good wishes,

Clarence T. Sasaki, MD
ABEA Development Committee Chair
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Spring 2011 ABEA Council Meeting Minutes

Attending: Milan Amin, MD Scott McMurray, MD
 Peter Belafsky, MD Gregory Postma, MD
 Andrew Blitzer, MD Marc Remacle, MD
 James Burns, MD Gresham Richter, MD
 Seth Dailey, MD Michael Rothschild, MD
 Ellen Deutsch, MD Clarence Sasaki, MD
 David Eibling, MD Dana Thompson, MD
 Gregory Grillone, MD Karen Zur, MD
 Ian Jacobs, MD Leora Loy

Absent: Reza Rahbar, MD Paul Willging, MD

TOPIC DISCUSSION ACTION ITEM/VOTE

Minutes from 9/25/2010 Boston, Massachusetts Motion: to approve minutes.
  Vote: Approved
President’s Report Michael Rothschild, MD
New Appointments Dr Rothschild thanked everyone for their support
 this past year. He is looking forward to a great
 program and thanked everyone involved on the
 Program Committee.
 We turned over a lot of positions in September
 to ensure compliance with the Bylaws. We filled
 the remaining leadership positions so that only two
 appointed positions are rotating out in 2011.
 The current Resident Liaison, Dr Jeffrey Cheng, Dr Postma will appoint the
 Mount Sinai School of Medicine, is about to Resident Liaison for the
 complete his one-year term. This was anticipated coming year.
 to be a one-year appointment with the incoming
 president making the appointment, usually a
 Chief Resident.
 Dr Ian Jacobs’ term as SSAC representative to the Dr Gregory Postma will
 AAO-HNS for the ABEA expires September 30, make these appointments
 2011. in the coming year.
 Dr Ellen Deutsch’s term as ABEA representative
 to the AAO Guidelines since 2007 also expires
 this year.
ABEA/ALA/ELS ABEA and ALA members will be invited to the ELS will coordinate with
Combined Meeting ELS meeting in Helsinki, June 11-14, 2012. Dr COSM for the 2013 Spring
 Remacle said there will also be a meeting in Meetings of the ABEA and
 Turkey in 2014. ALA in Orlando, Florida.
 For the Combined ELS/ABEA/ALA Meeting at
 COSM, it was thought that the ELS membership
 would have an easier time getting to Orlando,
 Florida (2013), than to San Diego (2012).
 The likely footprint will have one ABEA and one Dr Grillone and Dr Garrett
 ALA session on Wednesday and then two (ie, all (secretary ALA), will
 day Thursday) combined ELS/ABEA/ALA  continue to work with Dr
 sessions. With this footprint, the overall number Remacle and other members
 of ALA and ABEA presentations would be of the ELS council to work
 reduced to allow for ELS presentations. out the details of the
  combined meeting.
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TOPIC DISCUSSION ACTION ITEM/VOTE

 Dr Sasaki will be President of ALA in 2013. Dr
 Koltai will be president of the ABEA in 2013.

 If the combined meeting goes well in 2013, we
 may want to consider future combined meetings
 and request additional sessions from the SLC. 
 We will have a better chance of getting extra
 time if the first combined meeting goes well.

 The SLC has agreed to having a single registration
 fee for ELS members so that they do not need to
 register for each individual society meeting.

 There was a discussion about increasing the
 awareness of the poster sessions and making it
 more important and requiring the authors to be
 present at a specific time to discuss their posters.

ABEA 2011 Peak Woo, MD, is receiving the Chevalier Jackson
 Award.

 Robin Cotton, MD, will be Guest of Honor.

 Jeffrey Laitman, PhD, will be the Chevalier Jackson
 Lecturer.

 John Tucker, MD, will receive the Presidential
 Citation.

 Mary Cappello, PhD (author of Swallow), will
 give a special lecture about Chevalier Jackson.

 Wayne Hellman (son of Rudy Hellman, patient of
 Chevalier Jackson) provided us with the historical
 essay on our website, assisted with the stamp
 project, is an avid Jackson family historian,
 and will be a special guest at dinner.

Resident Liaison Report Dr Cheng was unable to attend as he just became The ABEA website will be
 a new father. He did a great job getting resident updated to include a resident
 members this year. We have 34 residents from section that will include all
 all over the country. resident activities, including
  links to other items of
  interest related to the ABEA.

 

Dr Cheng suggested that the website could include
 an interesting clinical case of the month or quarter,
 geared toward residents about airway, foreign bodies,
 reflux disease, management of dysphagia, etc.

Hoarseness Guidelines Dr David Eibling has worked long and hard on the Still pending.
 response to this.

 Dr Lucian Sulica has been working very hard on The white journal has
 the scientific response. Initial drafts of some rejected the request to
 sections are complete, and others are being written. publish the response, and so
 We are behind schedule, but progress continues we will contact other
 and all authors remain committed to a high-quality journals.
 final product. There is still a lot of interest in this,
 as evidenced by the 350 people who attended the
 joint ABEA/ALA session at AAO.

ENCORE Project Ian Jacobs attended the ABOto meeting in The representatives from
 Washington, DC, in March for an overview by ABEA will be Ian Jacobs,
 the ABOto of the new and evolving MOC process Greg Grillone, Karen Zur,
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TOPIC DISCUSSION ACTION ITEM/VOTE

 
that satisfies ABOto, CMS, and new federal Jim Burns, and Dana

 mandates. The ABOto is asking each specialty Thompson.
 society to supply content and update the
 Continuing Education and Self-Assessment
 Modules (Part II) and Performance in Practice
 Assessment (Part IV). The ABOto would like the
 ABEA to review and update the modules and
 would like five volunteers to do this.
 Dr Blitzer said the MOC is the second part of the
 ENCORE project. The first part is aimed at the residents,
 and the Board is making this available online.
 General Surgery already has something like this.
 There will be a charge per resident for each program
 to enter their residency program in the project.
 When this will be completed is unclear.
 There has been concern raised at the AAO-HNS This will be discussed
 and other societies that this initiative by the ABOto further at the upcoming
 may undermine the educational efforts of the AAO- SSCA meeting. Dr Jacobs
 HNS. There is a general belief that this initiative will be attending and will
 should have been undertaken with the cooperation report back to the council
 and input of the AAO-HNS. with an update.
 Originally, the in-service exam and board questions
 came from a task force jointly sponsored by the
 Academy and ABOto.
 There is also some concern that the ABOto is both
 providing the certification process and generating
 the educational material and there is potential for
 conflict of interest.

Stamp Project Wayne Hellman, MD, provided us with the Dr Rothschild will continue
 historical essay published in the ABEA to keep the council updated
 newsletter last year. on the progress of this
  initiative.

 
Dr Rothschild submitted the application letter to

 the Citizens Stamp Advisory Committee, and the
 application has been moved forward and will be
 considered by the committee at one of their
 upcoming meetings. They receive about 50,000
 submissions a year and approve 25 new stamps
 a year.
Online Abstract Marc Steele has provided the infrastructure for the The online database that we
 Database abstract database. Dr Rothschild is the ASPO IT were going to have Marc
 Chair, so he will be working with Mr Steele on work on has been shelved
 both the ABEA and ASPO databases. for the time being.
Recognition of Leora was excused from the meeting for this MOTION: to give Leora a
 Leora Loy discussion. Leora is retiring from the University $1,500 bonus for this year
 of Utah, but not from ABEA. She has done an in recognition of the
 exceptional job again this year in helping to exceptional job she has
 organize the meeting. done. VOTE: Approved.
PRESIDENT-ELECT’S Gregory Postma, MD
 REPORT

AAO There continues to be a communication gap Dr Postma suggested an
 between AAO-HNS and the subspecialty societies. e-mail liaison between the
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 The Hoarseness Guidelines are one example. various bodies and
 Coding for endoscopic Zenker’s repair is another committees to bring
 example. transparency to such
  projects.

AAO Guidelines Task Ellen Deutsch has served as ABEA representative Blake Simpson and Michael
 Force to the Task Force, and her term expires this year. Johns have expressed an
  interest in this position, and
  Steve Bielamowicz will
  serve as an alternate when
  the primary cannot make it
  to the Arlington, Virginia,
  meetings.

  The council thanked Dr
  Deutsch for her service on
  the Task Force.

Endoscopic Zenker’s This has been discussed in the past but nothing Dr Postma will/has formed
 Coding resolved. Dr Postma feels it is time to address an ABEA working group to
 this definitively. include himself, Milan
  Amin, Michael Setzen,
  Mark Courey, and Al Merati
  to look into this.

Abstract Submission Concern was expressed by several individuals We need to test the system
 about the fairness of the abstract acceptance carefully well in advance of
 process this year due to the confusion with the the submission date. Dr
 process. Rothschild will work closely
  with the Program Chair on
  this.

Dysphagia Research The DRS is interested in a relationship with ABEA. We should consider a shared
 Society About 15% of DRS members are physicians; most panel at some point in the
 of the members are PhDs. future.
 ASPO and SENTAC already have a relationship
 and include a lot of PhDs.

President’s Dinner Dr Blitzer said that for several years there has been This will be looked into to
 a conflict with our dinner and the ALA dinner. This come up with a reasonable
 was discussed at the ALA meeting, and they solution.
 suggested perhaps alternating nights. Dr Grillone
 said he didn't think it would matter to SLC, since
 these occur before the official start of the meeting.
Program Chair The Program Chair for 2012. Peter Belafsky will
 be Program Chair.

Council Meeting Dr Postma proposed that the council meeting in Leora has requested a room
 September be set for Saturday. for Saturday, September 10.
VICE PRESIDENT’S Ellen Deutsch, MD
 REPORT

Pediatric Foreign Body The 5th Annual ABEA-endorsed Pediatric Airway The council thanked Dr
 Endoscopy Course Foreign Body Endoscopy course was held February Deutsch and the other
 5 and was very successful. Ellen Friedman was the members of the council who
 keynote speaker, and approximately 24 faculty and participated in this course.
 40 residents participated.

AAO-HNS Guidelines Dr Deutsch participated in the AAO-HNS GDTF Proposals for future topics

TOPIC DISCUSSION ACTION ITEM/VOTE
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Development Task recently released new Multi-Disciplinary Guideline: are welcome and can be
 Force Tonsillectomy in Children. submitted in a brief, one-
  paragraph format.

 Kay Dickerson, Director of the US Cochrane
 Center, was spokesman at the December meeting.
 The IOM is developing standards for guideline
 development; they are available at: http://www.iom.
 edu/~/media/File/Report%20iles/2011/Clinical-
 Practice-Guidelines-We-Can-Trust/Clinical%20
 Practice%20Guidelines%202011%20insert.pdf
 Other topics being considered: tracheostomy. This
 will be a clinical consensus statement.
Progression Grid and Members of the ABEA Council and especially the Dr Grillone and Dr Deutsch
 Bylaws Presidents have worked diligently to broaden the are working on resolving
 participation and opportunities for our membership. any remaining
  inconsistencies in the
  Bylaws, including those
  pertaining to progression.

 Dr Thompson (Treasurer), Dr McMurray (Editor), MOTION: To approve each
 and Dr Deutsch (Vice President) will be out of of these three council
 compliance by one year in their current council members for one additional
 positions, but it is the fairest solution and is year in their current council
 necessary to bring these council positions into positions. VOTE: Approved.
 compliance with the recent term limit changes in
 the Bylaws without having these council members
 drop off the grid prematurely. Thereafter, we will
 be in full compliance with the term limits set out
 in the bylaws.
Miscellaneous Dr Deutsch explained that there may be council Dr Deutsch will put
 Committees and positions (eg, liaisons, representatives to other together a list of these
 Liaisons and Bylaws societies) that have evolved over time that aren’t positions (liaisons,
 reflected in the progression grid and for which representatives) and add to
 there is no real description of the duties, meetings the current progression grid
 attended, etc. She asked those in these positions indicating what the duties
 to send her a brief description of what they do and of the position are, what
 how long they have held the position. These meetings they attend each
 include: ASPO Liaison, Website Liaison, Resident year, etc.
 Liaison, Representative to the SSAC of the AAO-
 HNS, Representative to the ACS Advisory Council
 for Otolaryngology, ABOto Liaison, (other?)

  Dr Grillone and Dr Deutsch
  are working on documenting
  the membership and
  progression of the various
  committees’ liaisons, as well
  as tracking ABEA
  representation to other
  organizations.

Nominating Committee We have to select a nominating committee Dr Blitzer will call for
 consisting of three people in addition to Andrew nominations from the floor
 Blitzer (chair). There was a discussion of for the nominating
 institutional memory and continuity of effort. The committee at the first
 only position requiring nominations this year is business meeting. The

TOPIC DISCUSSION ACTION ITEM/VOTE
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 that of President-Elect. nominating committee will
  propose a candidate(s) for
  President-Elect and call for
  a vote at the second business
  meeting.

TREASURER’S Dana Thompson, MD
 REPORT

Financial Standing We are up about $50,000 from the last meeting, and
 we are in good financial standing.

Audit Dr Thompson indicated that the books of the ABEA We haven’t had a real audit
 are not being audited in accordance with the for many years. Based on
 Bylaws. the size of our organization,
  perhaps we could have a full
  audit this year and have a
  compliant statement every
  three or four years, perhaps
  as we transition from one
  Treasurer to another, which
  will be a full audit every
  four years.

 

A Compliant Financial Statement would cost

 Dr Grillone will ask at the
 

$4,000 to $5,000. 

SLC meeting what other
 

A Reviewed Financial Statement would cost  

organizations do or if there
 

$6,000. 

is help from the ACS to do
 

An Audited Financial Statement would cost  

this at a cheaper rate. We
 

$8,000. 

don’t have to wait for the
 

If we do what the Bylaws ask for, an accounting 

next meeting; e-mails will
 

firm would look at all the statements and 

suffice to determine which
 

reflections in the meeting minutes and the overall 

route to take this year.
 

financial status of the organization and give us
 an opinion regarding the financial status of the
 organization.

 The accounting firm Dr Thompson met with said
 that based on the Bylaws, at a minimum they would
 recommend a review of the financial statements so
 we don’t expose ourselves to a risk.

 Because we do have some investments, if they do
 a full audit, they will look at the investments to see
 if they are doing the best for us.

Dues in Accordance 203 Active members paid dues, 61 Active members MOTION: Candidate
 With Bylaws did not pay dues; 12 members met criteria for and members should pay the
 have requested Senior membership. Some Active same dues as Active
 members requested to resign. members. VOTE: Approved.

 Non-paying membership: We have 52 Candidate MOTION: Dues for Active
 members; 4 Honorary members, and 10 Associate and Candidate members
 members, none of whom pay dues. should be raised to $185.00
  annually. VOTE: Approved.

 
We should have a separate category for resident 

 members and not include them as candidate 
 so they don’t have to pay dues. One can only be 
 a candidate member for 6 years.
 The Bylaws state that we can collect dues as 

MOTION: Dues for 

 determined by the Council and approved by the 

Associate members should 

 membership. Should we have Candidate, Honorary, 

be established at $100.00  

 and Associate members pay dues? 

annually. VOTE: Approved.

 The Bylaws state that military personnel should 

MOTION: Dues for ABEA

 receive a discount on dues determined by the 

members who are in the

 Council. 

military should be

  

established at $100.00

TOPIC DISCUSSION ACTION ITEM/VOTE
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annually.

  A new dues statement will
  be established by Dr
  Thompson for these various
  membership categories.

 Delinquent members: We have 37 Active members The Council will review the
 who have not paid dues for two years. The Bylaws list of delinquent accounts
 call for drafting a letter and sending it to those who to determine whether it is
 are delinquent for two years in their dues payments accurate and whether to
 and asking for payment or their membership will contact some of those
 be withdrawn. individuals to let them know
  that payment is due. Dr
  Thompson will prepare a
  letter to send to this group
  and indicate that if they
  meet the criteria to be
  moved to Senior status they
  should indicate. If we don’t
  hear from them, we will
  withdraw their membership.

  Dr Thompson is also
  working to cross-reference
  our files with the Academy
  files to make sure that we
  have updated addresses on
  members.

Credit Card We had 38 Active members who paid dues on-line
 by credit card; 165 paid with check.

 The cost per transaction was VISA: $3.92; MasterCard:
 $4.18; and American Express: $5.21. American
 Express also charges $2.22 per transaction in addition
 to the $5.21.

Tax Exemption Status Our organization originally filed as 502C in The recommendation of the
 approximately 1962. accountant who looked at
 We assumed 501 (c)(3) status under the IRS code our books this year was that
 of 1986. we remain in the category
 IRS requested an update and documentation that we filed, S502 (c)(3),
 of our status in January 2011. This request was but we have to be sure that
 likely triggered by an individual or organization we have a charitable cause
 requesting tax-exempt status. for our disbursements.

 To retain 501 (c)(3) status, the Bylaws must be Dr Grillone will discuss this
 updated in Article II to emphasize charitable at the SLC meeting to see
 purposes of the organization, and activities of the what the other organizations
 organization must be able to demonstrate a are doing.
 charitable purpose if audited.

 The other filing option is 503C, which still allows
 us to remain an exempt organization.

President’s Circle Dr Sasaki established the President’s Circle several Dr Sasaki is willing to
 years ago. His wife has been ill, and while she is continue with the program
 doing better now, he would like to turn it over to for another year.
 someone else in the future. Dr Sasaki’s intention
 was that the money would not be tied to any

TOPIC DISCUSSION ACTION ITEM/VOTE



 Minutes & Reports 15

 

specific function, but could be used more broadly

 

by the society.

  

The donation form is on

  

the website and could be

  

used for development.

  

Payments can also be made

  

with credit card.

EDITOR’S REPORT Scott McMurray, MD

 Transactions The Transactions is now
  available on the website,
  thanks to Dr Rothschild’s
  efforts.

 2010 Transactions Everything is ready for the
  2010 Transactions and will
  be sent to Ken Cooper in the
  near future and should be
  available shortly.

  We have realized a
  tremendous cost saving of
  about $10,000 a year by
  moving to an on-line version
  and saving printing and
  mailing costs.

  We have a contract with
  Annals that runs every five
  years and is automatically
  renewed. The next renewal
  will be 2014. We receive
  about $7,000 for education
  money from the Annals.

  We ask our presenters to
  give them the first right of
  refusal for publication.

 2011 Transactions All the manuscripts for 2011
  either have been received by
  Dr McMurray or are
  accounted for. We need to
  remind the authors to submit
  to the Annals separately for
  peer review.

 Bylaws indicate that members who don’t pay full We are in compliance,
 membership dues will receive the Transactions because the Editor can
 at a cost to be determined by the Editor. determine a cost, which is
 Do we need a Bylaws change because we no $0, and having it available
 longer have a printed version and the PDF is on-line might encourage
 available to the general public? others to attend and join.

SECRETARY’S Gregory Grillone, MD
 REPORT

Bylaws Revisions A number of Bylaws revisions were discussed at
 the September council meeting, including those
 that are required in order to implement Dr Blitzer’s
 presidential initiatives to establish a formal

TOPIC DISCUSSION ACTION ITEM/VOTE
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 International Committee with active membership
 for international members who chair and sit on the
 committee, and the Resident Liaison with a separate
 resident membership category.
 The following is a summary of the proposed bylaws
 changes:
 New articles and modified sections in BLUE
 New membership category for residents: MOTION: To approve the
 Rationale — Increase awareness of and interest in bylaws revisions outlined
 ABEA among residents. Differentiate Resident (to the left) regarding new
 member from Candidate member (no dues for membership category for
 resident membership); will draw candidates from residents. VOTE: Approved.
 resident membership to serve in the newly formed
 position of Resident Liaison on the council. We
 need to be able to track residents so that when they
 graduate we can solicit their membership as
 candidate members. Resident members will need
 a letter from their program director verifying they
 are in good standing.

 Article III, new section 3.1 g

 Resident Members shall be those physicians-in- NB: It was moved and voted
 training, in good standing, in a US or Canadian to approve the bylaws
 residency training program approved by the revisions outlined (to the
 Accreditation Council on Graduate Medical left) regarding new
 Education (ACGME), or equivalent osteopathic membership category for
 or Canadian accrediting organization, who are residents by the full
 interested in participating in the Society and membership at the
 eventually becoming Candidate and subsequently Thursday, April 28, 2011, 
 Active Members. Business Meeting.

 Article III, modified section 3.2 f

 Specific requirements for Candidate membership
 are as follows:

 1. If they are a resident, they must
 have one letter of recommendation from the Chair
 of the Department or the Program Director.

 12. If they are applying post residency, they
 Candidate members must have one letter from
 their Chair and/or Program Director and one
 Active Member of the ABEA.

 Article III, new section 3.2 g

 Applicants for Resident membership must meet the
 following requirements:

 The applicant must have one letter from his/her
 chair or program director verifying that they are
 in good standing in the program.

 Article X, new section 10.3

 Resident Members: Resident members shall be
 exempt from payment of dues.

 Revision to allow non-US/Canadian physicians to MOTION: To approve the

TOPIC DISCUSSION ACTION ITEM/VOTE
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 become active members: bylaws revisions outlined
  (to the left) regarding
  allowing non-US/Canadian
  physicians to become active
  members. VOTE: approved.

 The rationale is to expand the breadth and NB: It was moved and voted
 diversity of the society by including more active to approve the bylaws
 participation from our foreign colleagues. Will revisions outlined (to the
 allow active members from outside the US to be left) regarding allowing non-
 part of the newly formed International Committee US/Canadian physicians to
 and take a more active part in the society. We become active members by
 currently have 10 international members who are the full membership at the
 active members, which makes us currently out of Thursday, April 28, 2011,
 compliance with the Bylaws. Business Meeting.

 Article III, modified section 3.2 e (1)

 The Applicant must be a graduate of medicine, a
 diplomate of the recognized American or Canadian
 Board of Medical Specialties or the Osteopathic
 equivalent, engaged for three years or more, after
 Residency, in the active practice of his specialty;
 who has, by endoscopic skill and scientific ability,
 proven qualified as a Broncho-Esophagologist.
 Under special circumstances, international applicants
 who are diplomates of an equivalent foreign board
 and who have contributed significantly to the field
 may be considered for active membership.

COSM Mission The SLC requested that each society secretary bring Dr Grillone will ask for
 Statement to its council a proposed COSM Mission statement clarification on why a
 drafted by SLC chair Stanley Shapshay and Beth mission statement is
 Faubel for discussion and input. The draft needed if each society
 statement is as follows: already has a mission
  statement.

 The primary mission of the Combined
 Otolaryngology Spring Meetings (COSM) is to
 present the latest cutting edge research, both
 clinical and basic science as selected by the
 leadership of the member subspecialty societies.
 This meeting will serve as a forum for the exchange
 of scientific information, new ideas and advances
 so as to improve the ability of meeting attendees
 to care for their patients. This meeting will also
 serve as a powerful educational tool for the
 Otolaryngology residents in training, medical
 students and allied health professionals.

 There was overall agreement with the statement.
 The only question that was raised was about why a
 COSM mission statement is needed, since each of
 the individual societies already has a mission
 statement.

Footprint for 2012 and AAFPRS and AAOA withdrew from COSM
 2013 COSM several years ago.

TOPIC DISCUSSION ACTION ITEM/VOTE
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 AAFPRS is coming back in, which will alter
 the footprint beginning in 2012. This change
  in the footprint will not affect ABEA.

 AHNS is not participating in 2012, and ASPO is
 not participating in 2013.

Combined ELS/ABEA/ This was discussed at the 2010 SLC meeting. ELS Dr Grillone will know the
 ALA Meeting would like to await a decision by COSM for the location of the 2015 COSM
 location of the 2015 COSM meeting. meeting after the upcoming
  SLC meeting this week.

Future Meeting Dates The dates and locations for COSM 2012, 2013, and
 and Locations 2014 are as follows:

 April 18-22, 2012, Manchester Grand Hyatt, San
 Diego, California

 April 10-14, 2013, JW Marriott Grande Lakes,
 Florida

 May 14-18, 2014, Caesar’s Palace, Las Vegas,
 Nevada

Membership Update Membership roster as of April 10, 2011:

1) Current roster Active — 267
2) Candidates for Corresponding (International) — 52
Active, Candidate, and Honorary — 4
Associate and Senior Senior — 6
membership status Associate — 10
 Candidate — 9

 Candidates for Active and Associate  MOTION: To approve the
 Membership (8): candidates listed (to the left)
  for active, candidate and
  associate membership.
  VOTE: approved.

 

Michael Benninger (1988)

 NB: It was moved and voted
 

Jonathan Bock (2008, was candidate member

 to approve the candidates
 

 last year)

 listed for active, candidate,
 

Thomas Carroll (2007)

 and associate membership
 

Neil Chheda (2007)

 by the full membership at
 

I-Fan Mau (2007)

 the Wednesday, April 27,
 

John Sinacori (2001)

 2011, Business Meeting.
 

Steven Sobol (2002)

 

Melissa Statham (2008)

 

Candidates for Candidate membership (1):

 

Scott Rickert (2009)

 

Candidates for Associate membership (1):

 

Susan Langmore (Associate)

 

Candidates with missing documentation:

 

Dr Grillone recently tried to

 

Guillermo Campos (proposed by Andy Blitzer)

 

reach Dr Campos, but did

 

Jayde Steckowych (from last year, incomplete,

 

not hear back. Dr Remacle

 

proposed by Andy Blitzer)

 

will contact Dr Campos to

  

have him submit an

  

application.

 

Candidates for Senior Status (8): MOTION: To approve the
 Bobby Alford (1968) candidates listed (to the left)

TOPIC DISCUSSION ACTION ITEM/VOTE
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 Gerry Healy (1978) for senior membership.
 Arthur Hengerer (1980) VOTE: Approved.
 Nicolas Maragos (2009, age >65)
 William Potsic (1997, age >65)
 Mark Richardson (1986)
 Eugene Rontal (1976)
 Clarence Sasaki (1989)
 Note: the following candidates requested senior NB: It was moved and voted
 status, but are already listed as having senior status: to approve the candidates
 Jack Gluckman (already has senior status) listed for senior membership
 Fred McGuirt (already has senior status) by the full membership at
  the Wednesday, April 27,
  2011, Business Meeting.

COMMITTEE REPORTS

Program Committee Karen Zur
 A significant issue this year was with the website Dr Rothschild is working
 and the notification of acceptances and those with Marc Steele to
 declining. The podium presenters did not receive determine if we will
 their notices thay they were approved to meet the continue using him and have
 deadline for acceptance. She had to contact people him update his program or
 individually and found that part of the problem look elsewhere for
 was related to firewalls preventing emails from administrative support.
 arriving.
 Jeffrey Laitman, anthropologist and anatomist
 at Mount Sinai Hospital in NYC, will be the
 Chevalier Jackson lecturer.

 Mary Cappello, an English professor and author,
 will present a special lecture entitled “Chevalier
 Jackson’s Endoscopic Art: An Illustrated Reading.”
 She was recently featured in a New York Times
 article about her book Swallow, which traces some
 stories of Chevalier Jackson’s life and artifacts.

 We will have two panels, 37 podium presentations,
 and 17 poster presentations this year.

Difficult Airway Karen Zur, MD
 Committee

 The 5th Annual Foreign Body Endoscopy course
 was held at CHOP and was well represented by
 many ABEA members.

Research and Education Seth Dailey, MD
 Committee
 Nicole Maronian and Adam Klein have agreed to Dr Dailey will put
 collaborate on a venture to establish an online something together for the
 educational resource through the ABEA website Fall council meeting. Dr
 to develop a pathway by which video images and Rothschild will work with
 movies of surgical dissections and procedures can him on this.
 be uploaded to the ABEA website. This will allow
 residents and fellows to learn how to do
 laryngologic procedures and accelerate their
 learning curves. Others interested are encouraged
 to participate.

TOPIC DISCUSSION ACTION ITEM/VOTE
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 There are still many questions that must be
 answered:

 Who can upload to the website?

 How many videos can be uploaded?

 Can a search engine be developed?

 Is there enough “in-house” expertise within the
 ABEA to manage this?

 DRS may have something similar, so this may be a
 good starting point for collaboration with them.

SSAC Representative Ian Jacobs, MD

 Dr Jacobs will attend the SSAC meeting on April Dr Jacobs will provide an
 28, 2011. update at the Fall council
  meeting in San Francisco.

Foreign Body Gresham Richter, MD
 Committee

 Michael Wilhelm will receive the Foreign Body
 Award at the meeting, and Dr Richter will present.

Oncology Committee James Burns, MD

 The annual ABEA-sponsored Mini-Seminar
 “State-of-the-Art Endoscopic Management of
 Pharynx and Larynx Cancer” is being considered
 by the Academy Program Committee for the Fall
 2011 AAO-HNS annual meeting. The Moderator
 will be Jim Burns, and panelists will include Bruce
 Haughey, Steven Zeitels, and Greg Weinstein.

 Future proposals will focus on “hot” topics related
 to upper aerodigestive tract malignancies and seek
 to attract expert panelists from within the ABEA
 membership.

Meeting Adjourned
 6:40 pm
Respectfully Submitted,
Gregory A. Grillone, MD, FACS
Secretary, ABEA

TOPIC DISCUSSION ACTION ITEM/VOTE
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PRESIDENTIAL ADDRESS

MICHAEL A. ROTHSCHILD, MD

Welcome, everyone, to the 91st annual meeting 
of the American Broncho-Esophagological Associa-
tion. I’m very happy that we have such a good turn-
out for this conference, we have a terrific program 
for you all, and I’m sure that you will learn a lot over 
the next two days. I would like to take this opportu-
nity to thank my colleagues on the Executive Coun-
cil who have worked so hard on this and a number 
of other ABEA activities — you have all done an 
amazing job and have certainly made my life easier 
over the past year. 

The program that you are about to enjoy was put 
together by a new council member, but a longtime 
colleague and friend, Karen Zur. She has done a fan-
tastic job in assembling a wide range of scientific 
papers and panel discussions into a tight schedule, 
and I thank her for all her work.

I also must thank Leora Loy, who has been our 
tireless administrator for many years, and who is 
the glue that holds together all the members of the 
ABEA team. Leora, I could not have done this with-
out you, and I appreciate your work more than you 
know!

Finally, I would like to thank the membership 
and council for allowing me the great privilege of 
serving as your president for the past year. To stand 
before you in the position that has been held by so 

many of my mentors and respected colleagues — 
let alone the great Chevalier Jackson — is truly to 
stand on the shoulders of giants. I am humbled and 
honored by this incredible opportunity.
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PRESENTATION OF GUEST OF HONOR ROBIN COTTON, MD

MICHAEL A. ROTHSCHILD, MD

It is traditional at these events to say that a col-
league needs no introduction, and for this year’s 
Guest of Honor, it is especially true. No one in our 
field can help but be aware of Dr Robin Cotton’s im-
mense contributions to otolaryngology. He was the 
surgeon who met a newly created iatrogenic disease 
— acquired subglottic stenosis of infancy — head-
on and conquered it by developing the techniques of 
airway reconstruction that we rely on today. These 
preterm infants, suddenly salvageable with the endo-
tracheal tube, survived only to face a new life-threat-
ening problem after extubation. Many experienced 
endoscopists were stymied by these tiny unstable 
airways. Not only did Dr Cotton and his team work 
out the technical details of pediatric la ryngotracheal 
reconstruction, but he built an academic institution 
that ensured that this science would be continually 
improved and disseminated throughout the world.

Not one to rest on his laurels, Dr Cotton continues 
to attack these frustrating and terrifying cases to this 
day, both in his own work and through the pediatric-
airway mecca that he created in Cincinnati. I was 
lucky enough to spend a year learning from him and 
his team as a fellow. I will always be grateful to him 
for starting my career, and for his ongoing counsel 
in the years that followed. 

Trained in England, Canada, and Cincinnati, Dr 
Cotton became a tenured Professor of Otolaryngol-
ogy within seven years of his initial board certifica-
tion. His scientific body of work has been immense, 
with over 200 peer-reviewed articles, and more than 
100 books and chapters. 

Dr Cotton has served as the president of the 
American Society of Pediatric Otolaryngology, 
the Society for Ear, Nose and Throat Advances in 
Children, and the ABEA. He has won numerous 
awards, including the Triological Society’s Har-
ris P. Mosher Award, the American Laryngological 
Society’s Gabriel Tucker Award, and the ABEA’s 

Chevalier Jackson Award. He was the 2009 Joseph 
Ogura lecturer for the Triological Society, speaking 
on an extremely important problem that physicians 
of every specialty should heed and address in their 
own practices — the impact of disposable products, 
waste, and the inefficient use of resources in the 
health-care industry.

He is a true leader in our field. His kind and ami-
cable nature, his incredible generosity, and the long-
term support that he shows for his students over de-
cades of practice have built an army of loyal alumni 
in every corner of the globe, many of whom are here 
today.

It gives me great pleasure to present Dr Robin 
Cotton to you as our 2011 Guest of Honor.
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Summary for the Transactions of the American 
Broncho-Esophagological Association (ABEA), 
Chicago Meeting, April 2011

“A man who can perform such magic in the pas-
sages of humans as your good self must possess oth-
er gifts which express themselves in artistic form…” 
—from a letter to Chevalier Q. Jackson from fellow 
otolaryngologist Thomas R. French, January 11, 
1927

Mary Cappello, PhD, Professor of English and 
creative writing at the University of Rhode Island 
and 2011 Guggenheim Fellow in Nonfiction, pre-
sented an “illustrated reading” based on the research 
and writing of her latest book, Swallow: Foreign 
Bodies, Their Ingestion, Inspiration and the Curi-
ous Doctor Who Extracted Them (The New Press, 
2011), a lyrical analysis of the life and work of Che-
valier Q. Jackson that takes as its point of departure 
the Chevalier Jackson Foreign Body Collection re-
siding in Philadelphia’s Mutter Museum. 

Professor Cappello said she hoped to punctuate 
the scientific program of the ABEA with the imagi-
nary and imaginative presence of Chevalier Jackson, 
its founder, and she extended warm thanks to Dr Mi-
chael Rothschild for inviting her to Chicago, as well 
as to all ABEA members for indulging her interpre-
tation of a history to which members directly and 
importantly contribute as practitioners.

To introduce her program, Cappello explained:

“In 2006, when I stumbled upon a collection of 
objects that people had swallowed or inhaled in 
Philadelphia’s anatomical museum, the Mutter Mu-
seum, I was initially struck by the strange nature of 
these things, the question of why someone would 
gather them together in one place, and the poetry 
of their arrangement in a magical set of drawers. It 
wasn’t until I’d discovered that the doctor who ex-
tracted them had written a bestselling autobiography 
in 1938 that I realized there was a book waiting to be 
written about the collection — there was, after all, 
something literary at its center. 

“Chevalier Jackson’s foreign body cabinet is not 
an inadvertent art, but a willful assemblage that can 
be construed as both a teaching tool and a work of 
art worthy of our contemplation. This is why in the 

short program I’ve prepared today, I will feature not 
the more obvious artistic analog to Chevalier Jack-
son’s oil painting — Thomas Eakins — but instead 
will suggest a kinship with the singular collagist 
who was Chevalier Jackson’s contemporary, Joseph 
Cornell.

“In a 1928 article for the Evening Public Ledger, 
titled “Dr. Jackson First Wooed Muse of Art: Bron-
choscopic Inventor Wields Brush,” Jackson said that 
the only thing that kept him from pursuing art pro-
fessionally was the fear of failure, starvation, and 
subsequent hunger. But Jackson’s art-making was 
not opposed to or exclusive of his medical practice. 
Jackson understood the manual dexterity required 
by painting to be in every way commensurate with 
the training of the hands and eyes called for by his 
endoscopic work.”

The reading and accompanying curation of im-
ages that followed focused on Jackson’s endoscopic 
illustrations in the context of a youth spent amid 
Pittsburgh’s pitch-black skies; Jackson’s famous 
on-the-spot ambidextrous “chalk talks” as unique 
pedagogical encounters irreducible to reliance on 
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prop-like visual aids; Jackson’s curiously arranged 
medical illustrations in oil, and his representations 
of inner portals in uncanny dialog with the work of 
metaphysical diaramist Joseph Cornell; and a corre-
spondence Jackson enjoyed with fellow doctor/art-
ist, Dr Thomas R. French, whose uniquely beautiful 
letters to Chevalier Jackson featured mythically im-
bued watercolor illustrations. (The correspondence 
coincidentally complicates persistent images of 
Jackson as a friendless loner.) 

What drove Chevalier Jackson’s bronchoscopic 
quest, Cappello suggested — the pioneering work 
he did that would forever influence diagnostic and 
treatment methods of diseases of the upper torso — 
was not initially or implicitly an interest in saving 
lives. What drove his work was a capacious curios-
ity, an appetite for the unknown, the courting of im-
possibility — and a love of color. Saving lives was 
a happy by-product of his odd-because-uncommon 
preoccupations — his imaginative drift.

The program closed with rare film footage of 
Chevalier Jackson, Sr, sketching and writing on 
the Old Sunrise Mills property in Schwenksville, 
Pennsylvania, where he lived and worked for nearly 

half his life. Having rediscovered, with Chevalier 
Jackson’s great-grandson, Frank Bugbee, Jr, a vast 
collection of home movies, all shot by Chevalier L. 
Jackson and dating from the 1930s to 1960, Cap-
pello is hopeful that the historical treasure trove that 
she is calling The Chevaliers Jackson Home Movie 
Collection will in time find its way to preservation, 
proper archiving, documentation, and dissemination 
for study, analysis, wonder, and discussion. Cappel-
lo will continuously update the community on prog-
ress with this project and numerous related projects 
that continue to emerge from her work on Chevalier 
Jackson’s uniquely significant career at www.swal-
lowthebook.com.

Cappello’s talk, and especially the images she 
shared, were indebted to Rosamond Purcell, Lisa 
Wood, Frank Bugbee, Jr, Arlene Maloney, The Mut-
ter Museum of the College of Physicians of Phila-
delphia, The National Library of Medicine, The 
Smithsonian Institution, Thomas Jefferson Univer-
sity, The American Academy of Otolaryngology, 
The Franklin Institute, Temple University Librar-
ies, the Montgomery County Historical Society, and 
Jean Walton.
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PRESENTATION OF CHEVALIER JACKSON AWARD TO
PEAK WOO, MD

MICHAEL A. ROTHSCHILD, MD

It gives me special pleasure to award the 2011 
Chevalier Jackson Award to Dr Peak Woo. Many of 
you know him from his prodigious academic work 
in laryngology, such as the development of new en-
doscopic techniques for the rehabilitation of glot-
tic competence, the use of the laser to treat benign 
laryngeal lesions, and innovations in office-based 
airway procedures. His fellows and residents know 
him as a consummate teacher — never giving up on 
the often challenging but always rewarding process 
of training the next generation of otolaryngologists. 
And most importantly, his patients know him as a 
compassionate and skilled clinician.

As you might expect of a laryngologist who cares 
for the professional voice, Dr Woo’s study is be-
decked with memorabilia from many, many celeb-
rities. HIPAA regulations preclude me from listing 
them here, but rest assured — he is truly a doctor 
to the stars. However, despite this premier Manhat-
tan practice, he never hesitates for a moment when I 
ask him to see a clinic patient from a less celebrated 
background. This above all is truly in the spirit of 
Chevalier Jackson, who treated rich and poor alike 
with equal care and skill.

Dr Woo was born in China, and came to the Unit-
ed States as a teenager. He first had to learn English 

before embarking on his subsequent meteoric aca-
demic ascent, graduating magna cum laude from the 
combined undergraduate and medical program at 
Boston University in six years. He went on to train 
in otolaryngology at the combined BU and Tufts 
program, followed by several years in Syracuse be-
fore becoming my colleague at Mount Sinai Medi-
cal Center, and the Grabscheid Professor of Otolar-
yngology at the Mount Sinai School of Medicine. 
During this time, I have frequently looked to him for 
his sage advice and counsel. We both subsequently 
went into private practice, but he continues to train 
residents and fellows, spreading — as Jackson put 
it — the gospel of safe bronchoscopy.

Dr Woo is constantly sought out for visiting lec-
tureships around the world. He has been honored 
with numerous awards, including the Triological 
Society Presidential Citation, and the faculty-of-the-
year awards at both Tufts and Mount Sinai. He has 
been the president of the New York Laryngological 
Association and the New York Head and Neck So-
ciety. In the ABEA, he has served as both our Presi-
dent and as the Jackson Lecturer.

I can think of no one who better exemplifies Che-
valier Jackson’s dedication to both his patients and 
his students than my good friend and colleague, Dr 
Peak Woo.
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ACCEPTANCE OF CHEVALIER JACKSON AWARD

PEAK WOO, MD

It is a great honor to accept the Chevalier Jackson 
Award. I have had the greatest fortune to have had 
lifelong mentoring from several wonderful mentors 
who were prior recipients of the Chevalier Jackson 
Award and were past presidents of the ABEA. These 
include Dr M. S. Strong and Dr Stanley Shapshay. 
Dr Jackson influenced them profoundly, and they in 
turn imbued in their students (including me) their 
great love of endoscopic management of diseases of 
the upper airway.
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INTRODUCTION OF CHEVALIER JACKSON LECTURER
JEFFREY LAITMAN, MD

MICHAEL A. ROTHSCHILD, MD

We are very lucky today to have Dr Jeffrey Lait-
man as our Chevalier Jackson lecturer. I have known 
Dr Laitman for nearly 25 years, since my days as 
a resident at Mount Sinai Hospital. Dr Laitman is 
Professor and Director of Anatomy and Function-
al Morphology at our institution, but he also holds 
professorships in Otolaryngology, Medical Educa-
tion, Biomedical Sciences, and Anthropology. In 
addition, he is a research associate of the American 
Museum of Natural History in New York City, and 
lectures around the world before both scientific and 
lay audiences.

Dr Laitman’s research is primarily based on the 
comparative anatomy, development, and evolution 
of the mammalian aerodigestive tract and cranial 
base. His lectures are superb — entertaining and 
edifying. And rather than use up any more of his all-
too-brief allotted time, I will now turn the platform 
over to Dr Laitman.
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PRESIDENTIAL CITATION HONORING
JOHN TUCKER, MD

MICHAEL A. ROTHSCHILD, MD

This year, I got to know one of the aforemen-
tioned giants on whose shoulders I stand — Dr John 
Tucker. As you all know, Dr Tucker served as the 
President of our organization in 1983. He is a gradu-
ate of the Johns Hopkins School of Medicine and the 
otolaryngology residency program of the University 
of Pennsylvania. His contributions to our field are 
numerous, especially in the area of laryngeal embry-
ology. His work has taken him around the world to 
lecture, and he has received many accolades, includ-
ing a presidential citation from the American Laryn-
gological Association and both the Seymour Cohen 
and Chevalier Jackson awards from the ABEA.

However, I got to know Dr Tucker in a different 
context from that of his many scientific contribu-
tions to our specialty. As some of you may know, 
one of my passions is genealogy and the archiving 
of historical information, especially first-person ac-
counts that would otherwise be lost forever with the 
passage of time. Dr Tucker’s father and brother — 
Gabriel Tucker, Sr, and Gabriel Tucker, Jr —  also 
served as presidents of the ABEA, in 1940 and 
1973, respectively. This got me thinking about what 
a great resource for future generations it would be to 
have John Tucker tell us the story of his family as a 
video interview, with images from his family tree. 

Dr Tucker was kind enough to oblige me with 
this project, and along with fellow council members 
Karen Zur and Ian Jacobs, we put together the in-
terview which is now available for you all to see 
on our website (abea.net). The story of his family 
is truly a story of the early days of otolaryngology, 
including the time that his father spent working for 
our founder, Chevalier Jackson.

In addition to this citation, I would also like to 
present Dr Tucker (and our other honorees) with a ge-
nealogy and otolaryngology project of my own that 
you may find interesting. In 1917, my great-aunt’s 
firstborn son aspirated the shell of a walnut a few 

months before his second birthday. He was taken to 
New York City, where he was treated by another one 
of our past presidents, Dr Sidney Yankauer. Despite 
heroic efforts including bronchoscopy and endotra-
cheal intubation, he died after three days.

I recently discovered his mother’s diary, which 
describes the events of those three days in beauti-
ful and tragic detail. I took the liberty of editing 
that story into this little volume (and the text is also 
available on our website). I hope that this story will 
remind us how something that today may be a minor 
annoyance and a routine procedure was once a death 
sentence. I also hope that it reminds us how the ef-
forts of our professional ancestors in the ABEA 
made that great clinical achievement a reality in 
conferences just like this one. 

Thank you, Dr Tucker, for your contributions to 
our field, and for sharing your story with us.



Management of Zenker’s Diverticulum in the Endoscopic Age: 
Current Practice Patterns

Jonathan M. Bock, MD; Douglas J. Van Daele, MD; Nidhi Gupta, MD;
Joel H. Blumin, MD

Objectives: Zenker’s diverticulum (ZD) is a common source of dysphagia with a well-established surgical treatment 
history. Variations may exist between practitioners in the preoperative, intraoperative, and postoperative management of 
patients with ZD because of recent evolutions in surgical approach toward an endoscopic technique. 

Methods: An online survey instrument was prepared and forwarded to the membership of the American Broncho-
Esophagological Association (ABEA) to ascertain the current practice patterns of its members regarding numerous care 
parameters for patients with ZD. 

Results: Data on preoperative evaluation, operative care, postoperative management, and recalled incidence of compli-
cations, including mediastinitis, were evaluated. Subgroup analysis demonstrated significant differences in multiple care 
parameters for those surgeons who predominantly perform endoscopic operations (more than 80% willingness to perform 
endoscopic operations) compared to those who occasionally perform endoscopic operations (less than 80%), including 
average case number, advancement of oral intake, hospital discharge, use of antibiotics, and views on the efficacy of en-
doscopic surgical techniques. These changes were noted despite similar times since graduation from training for the two 
groups.

Conclusions: These data present a contemporary snapshot of clinical care patterns of the ABEA membership for patients 
with ZD and suggest differences in care patterns for surgeons with a higher enthusiasm for endoscopic techniques and 
larger case volumes.

Key Words: complication, dysphagia, endoscopy, laser, management, mediastinitis, stapler, surgery, Zenker’s diverticu-
lum.

35

From the Department of Otolaryngology and Communication Sciences, Division of Laryngology and Professional Voice, Medical Col-
lege of Wisconsin, Milwaukee, Wisconsin (Bock, Gupta, Blumin), and the Department of Otolaryngology–Head and Neck Surgery, 
University of Iowa Hospitals and Clinics, Iowa City, Iowa (Van Daele).
Presented at the meeting of the American Broncho-Esophagological Association, Chicago, Illinois, April 27-28, 2011.
Correspondence: Jonathan M. Bock, MD, 9200 W Wisconsin Ave, Milwaukee, WI 53226.

INTRODUCTION

The first description of a hypopharyngeal pouch 
is credited to Ludlow in 1767, but German pathol-
ogist Friedrich Albert von Zenker first defined the 
anatomy and clinical history of a large series of pa-
tients with hypopharyngeal diverticula in 1877. This 
led to the eventual naming of this common source 
of dysphagia as the eponymous Zenker’s diverticu-
lum (ZD).1 It is a pulsion diverticulum that devel-
ops from a natural weakness in the pharyngeal wall 
musculature between the inferior constrictor and 
cricopharyngeus muscles, an area known as Kil-
lian’s triangle.2 Patients with ZD complain of slow-
ly progressive solid food and pill dysphagia as this 
pouch increases in size, resulting in progressively 
decreased swallowing function, development of as-
piration and pneumonia, and decreased overall qual-
ity of life.3

Successful treatment of dysphagia due to ZD 

generally involves surgery, and surgical treatment 
of ZD has slowly evolved from open surgical tech-
niques to modern endoscopic approaches.4 Wheel-
er pioneered the initial open surgical techniques of 
cricopharyngeal myotomy and diverticulectomy in 
1866. Variations of this technique remain in use to 
this day. Mosher presented the first endoscopic pa-
tient series in 1917, describing a series of 4 patients 
treated with simple division of the common septum 
between the esophagus and pouch.5 Enthusiasm for 
endoscopic surgical approaches rapidly fell after the 
death of Mosher’s seventh patient due to mediastini-
tis.6 Dohlman and Mattsson7 presented a series of 
100 ZD patients treated with the endoscopic diather-
mic coagulation technique in 1960, thereby resur-
recting interest in endoscopic management. Further 
evolution of surgical techniques for ZD included the 
introduction of the carbon dioxide (CO2) laser in 
19928 and of endoscopic stapling, also in 1992.9,10 
Modern treatment of ZD includes both open and en-
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doscopic approaches, and has seen a steady progres-
sion to heightened use of endoscopic surgery.11

Little information exists regarding the overall 
prevalence of specific surgical techniques for ZD, 
and even less is known about the utility of specific 
perioperative care modalities in the care of patients 
with ZD. Several studies have demonstrated bene-
fits of endoscopic surgical techniques compared to 
open techniques. Brace et al12 recently demonstrat-
ed significantly shorter operative times and hospi-
tal stays following the endoscopic stapler technique 
compared to traditional transcervical approaches to 
ZD surgery. Smith et al13 also demonstrated a short-
er time to return to diet and decreased hospital costs 
with endoscopic techniques compared to open sur-
gery, whereas surgical costs were similar between 
the groups. Failure of staple line application can 
sometimes lead to questions regarding the appro-
priate size of diverticulum pouches that can be ap-
proached with this technique.14 Further studies have 
shown good long-term outcomes with laser divertic-
ulotomy, with the further benefit that a pouch of any 
size can be approached.15 Some authors have sug-
gested higher rates of failure with endoscopic sur-
gical techniques,16 perhaps due to the residual rem-
nant adynamic pharyngeal segment or recurrence of 
the diverticulum pouch.17 An analysis of the mod-
ern literature demonstrates the absence of a single 
therapeutic surgical strategy that is universally ap-
plicable to patients with ZD, complicating surgeons’ 
decisions regarding appropriate perioperative care 
of these patients.

Significant differences exist between clinicians in 
their choice of surgical techniques and care param-
eters for workup and treatment of ZD. Siddiq and 
Sood11 performed the only recent survey analysis of 
patient care patterns for patients with ZD, in 2004, in 
which they showed that endoscopic techniques were 
preferred by 85% of surgeons in England, with 83% 
preferring endoscopic stapling and 2% preferring 
endoscopic laser surgery. No similar evaluation has 
been performed to assess the current practice pat-
terns of US surgeons regarding care of patients with 
ZD. Uncertainty exists regarding the utility of pre-
operative testing for these patients beyond barium 
esophagography, and perioperative management op-
tions are copious and poorly studied.18 We hypoth-
esized that the evolving use of endoscopic surgical 
techniques and increasing experience with the post-
operative management of patients with ZD would 
lead to detectable patterns of patient care for those 
practitioners with significant experience with endo-
scopic techniques compared to those who are less 
familiar with these approaches. This work was per-

formed to demonstrate these differences, and to pro-
vide a contemporary snapshot of patient care para-
digms for patients with ZD.

MATERIALS AND METHODS

Survey Design and Implementation. The Pharyn-
goesophageal Committee of the American Broncho-
Esophagological Association (ABEA) approved this 
project and granted specific permission to adminis-
ter a survey to the ABEA membership for research 
purposes. A 27-question survey instrument was de-
signed to assess basic respondent demographic in-
formation, preoperative workup, operative care 
choices, postoperative management, and recalled 
incidence of surgical complications for patients 
with ZD. The submitted questions are presented in 
Fig 1. The ABEA members (249 currently active) 
were invited to participate in the project by email 
on November 7, 2010, and November 30, 2010. 
The survey was prepared as an online survey instru-
ment through Google Docs (Google, Inc, Mountain 
View, California), which could be directly accessed 
through the prepared email via hyperlink. In addi-
tion, respondents who were unable to use internet-
based response mechanisms were also forwarded a 
printable Microsoft Word document file containing 
all survey questions with return instructions.

Statistical Analysis. Comparison of respondent 
answers was subjected to statistical analysis by Stu-
dent’s t-test, Fisher’s exact test, or χ2 distribution 
analysis, depending on the type of answer solicit-
ed, with a significance level set at a p level of less 
than 0.05. The specific p values for each significant 
item and test used to demonstrate this level of sig-
nificance are noted in the text below. 

RESULTS

Respondent Demographics. The overall response 
rate for this survey was 26.1% of the ABEA mem-
bership (Table 1), with a total of 65 of 249 active 
members submitting their answers. Sixty-two re-
sponses were submitted via the online Google Docs 
survey instrument, and 3 hand-completed survey 
responses were returned. Sixty-nine percent of the 
study participants pursued a fellowship after resi-
dency training. The average time since completion 
of training was 20.3 years (range, 2 to 46 years). 
Several respondents had completed more than 1 fel-
lowship. Of those who pursued fellowship training, 
the fellowships completed included laryngology 
(60%), head and neck surgery (31%), pediatric oto-
laryngology (9%), rhinology/sinus surgery (7%), fa-
cial plastic and reconstructive surgery (7%), otology 
and neurotology (7%), allergy (4%), thoracic sur-



DEMOGRAPHIC INFORMATION

In what year did you complete residency?   ______

Did you complete a fellowship after residency?   ______

If so, which fellowship?   ______________________________

Is your practice primarily: 
  academic? community-based? a combination?

Approximately how many operations do you perform for Zenker’s
  diverticulum each year? ______

Has your primary operative technique (open vs endoscopic) changed
  over the course of your practice? Yes No

PREOPERATIVE

How would you rate the following indications for surgery for Zenker’s
  diverticulum on a scale of 1 to 5?
___ Dysphagia/odynophagia
___ Size
___ Aspiration on swallow study
___ Pneumonia
___ Weight loss

Beyond a general otolaryngological evaluation, what diagnostic test(s)
  do you order or perform in the workup of Zenker’s diverticulum?
  (check all that apply)
___ Modified barium swallow study by speech-language pathologist
___ Esophagogram
___ Laryngeal or cricopharyngeal electromyograph
___ Computed tomographic scan of neck or chest
___ Radiograph of chest
___ Transnasal esophagoscopy
___ Ambulatory pH probe study
___ Esophageal manometry
___ Clinical swallow evaluation by speech-language pathologist
___ Other (please specify): _____________________

Do you have a minimum size criteria to proceed to operation?
___ Any size
___ Smaller than 1 cm
___ Between 1 cm and 3 cm
___ Larger than 3 cm

In patients for whom open or endoscopic operation is not indicated or
 who prefer alternative treatment, how often do you perform
   Behavioral swallow therapy?
   Never Sometimes Always

   Botulinum toxin injection of cricopharyngeal muscle?
   Never Sometimes Always

   Dilation of upper esophageal segment?
   Never Sometimes Always

   No treatment?
   Never Sometimes Always

OPERATIVE

In primary procedures, approximately what percentage of the time do  
you propose the use of
___ a transcervical open approach?
___ an endoscopic approach?

In performing a transcervical open surgical approach, what technique
 do you primarily use?
___ Diverticulectomy and hand-sewn closure
___ Diverticulectomy and stapled closure
___ Diverticulopexy
___ Diverticular inversion
___ Other (please specify): _____________________

In performing an endoscopic surgical approach, what technique do you
 primarily use?
___ Stapled diverticulotomy
___ Laser diverticulotomy
___ Harmonic scalpel diverticulotomy
___ Other (please specify): _____________________

If you use a laser, what kind of laser do you typically use?
  CO

2 KTP Other (please specify): ________________

Do you place a feeding tube during the procedure? Yes No

Do you give preoperative or intraoperative antibiotics? Yes No

Do you give preoperative or intraoperative steroids? Yes No

POSTOPERATIVE

For how many days do you give postoperative antibiotics? ____

Do you routinely obtain a chest radiograph immediately after operation?
    Yes No

When do you allow the patient to swallow liquids?
  Same day Day 1 Day 2 to day 7 After day 7

When do you allow the patient to swallow soft foods?
  Same day Day 1 Day 2 to day 7 After day 7

When do you allow the patient to return to a normal diet?
  Same day Day 1 Day 2 to day 7 After day 7

When do you perform a routine postoperative swallow study?
___ Only if complications arise
___ Before initiation of oral intake
___ After initiation of oral intake
___ Other (please specify): _____________________

When are your patients typically discharged from the hospital after
 operative management of Zenker’s diverticulum?
  Same day Day 1 Day 2 to day 4 Day 5 to day 7 After day 7

When do you typically see your patients in follow-up after operative
 management of Zenker’s diverticulum?
  1 week 2 weeks 1 month As needed
  Other (please specify): __________

How many cases of serious mediastinitis (that extended hospitalization
 or required specific treatment) have you encountered after endoscopic
 management of Zenker’s diverticulum
   In the past year? ____     
   In the past 10 years? ____

How often is endoscopic management of Zenker’s diverticulum
 ineffective in treating preoperative symptoms? ______

What percentage of patients have the following signs or symptoms
 immediately after endoscopic surgery?
___ Chest pain
___ Subcutaneous emphysema
___ Fever
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Fig 1. Questionnaire used in survey regarding management of Zenker’s diverticulum.

gery (2%), and sleep medicine (2%). Seventy-eight 
percent of the participants practiced in an academic 
setting, 8% practiced in a community-based setting, 
and 14% practiced in a combination setting. The av-
erage number of surgical procedures performed for 
ZD on a yearly basis for all respondents was 9.6 
(range, 0 to 80 cases per year). The median yearly 

case volume for ZD cases was 6. Sixty percent of 
the respondents said that their operative technique 
had changed over the course of their practice.

Preoperative Evaluation. The study participants 
were asked to rank the relative importance of 5 differ-
ent clinical symptoms in determining surgical candi-



TABLE 1. SURVEY RESPONDENT DEMOGRAPHICS

Total respondents
 65 (62 electronic, 3 paper)
Response rate
 26.1%
Fellowship trained
 69%
Average years since completion of training
 20.3 (2-46)
Fellowships completed (can be more than 1)
 Laryngology 60%
 Head and neck surgery 31%
 Pediatric otolaryngology 9%
 Rhinology/sinus surgery 7%
 Facial plastic and reconstructive surgery 7%
 Otology/neurotology 7%
 Allergy 4%
 Thoracic surgery 2%
 Sleep medicine 2%
Type of practice
 Academic 78%
 Community-based 8%
 Combination 14%
Average number of Zenker’s cases per year
 9.6 (0-80); median 6
Average use of endoscopic surgical approach on first attempt?
 77.9% (0-100)
Has your operative technique changed during your career?
 Yes 60%; no 40%

Data are presented as median values with data range or percent with 
response. 
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Fig 2. Preoperative clinical symptom analysis. Respon-
dents were asked to comment on how important dys-
phagia/odynophagia, diverticulum size, aspiration on 
swallow study, history of pneumonia, and weight loss 
were in their decision to surgically manage patient with 
Zenker’s diverticulum (ZD). Answers were submitted on 
5-point scale of increasing importance, where 1 = not im-
portant and 5 = very important.

dacy for ZD, including dysphagia/odynophagia, di-
verticulum size, evidence of aspiration on swallow 
study, history of pneumonia, and onset of weight 
loss (Fig 2). The rankings were from 1 (not impor-
tant) to 5 (very important). Between 50% and 60% 
of participants said that dysphagia/odynophagia, as-
piration on swallow study, weight loss, and pneumo-
nia were “very important” in their determination of 
surgical candidacy for patients with ZD. A history 
of pneumonia was judged to be the most important 
clinical history factor, with 71% of the respondents 
rating this as “very important.” Diverticulum size 
was less important to most respondents, with only 
12% of the respondents finding this to be “very im-
portant,” and most assigning it a moderately impor-
tant value. Fifty percent of the respondents agreed 
that diverticulum size had no bearing on candidacy 
for surgery (Fig 3A), whereas 18% said that the di-
verticulum size needed to be more than 1 cm, and 
32% believed that it should be more than 2 cm to 
proceed to surgery.

Further questions were prepared regarding the 
typical diagnostic tests that ABEA members ordered 

to work up a new case of ZD. Seventy-one percent 
of the responding otolaryngologists believed that a 
modified barium swallow study and an esophago-
gram should be ordered for evaluation of ZD — by 
far the most selected test for preoperative workup 
(Fig 3B). Chest radiography and clinical speech-
language pathologist evaluation were generally or-
dered by 15% of respondents; 11% of the surveyed 
physicians routinely performed transnasal esopha-
goscopy, and 9% ordered a computed tomographic 
scan of the chest or neck. Other studies were much 
less commonly ordered in preoperative evaluation: 
6% of the respondents routinely ordered esophageal 
manometry or an ambulatory pH probe study for re-
flux testing, and just 5% routinely ordered laryngeal 
electromyography.

Alternative management options for ZD were 
also assessed for those patients who chose not to 
have myotomy surgery or who were not surgical 
candidates because of medical comorbidities (Fig 
3C). Roughly equal response rates were seen for of-
fering cricopharyngeal dilation or cricopharyngeal 
injection of botulinum toxin, with 65% stating they 
would sometimes consider one of these. The respon-
dents were less likely to offer behavioral swallow 
therapy and were more likely to offer no treatment.

Operative Management. The ABEA members 
were asked how often they would select an endo-
scopic approach for primary surgical management of 
ZD (Table 2). Nearly half of the respondents (49.2%) 
replied that they would recommend an endoscopic 
approach 100% of the time. An additional 26.9% 
stated that they would offer an endoscopic approach 
81% to 99% of the time. Six respondents stated that 



they would use endoscopic techniques between 50% 
and 80% of the time, 3 that they would use them 1% 
to 49% of the time, and 6 that they would never of-
fer endoscopic approaches for the surgical treatment 
of ZD. Overall, surgeons responded that they would 
offer an endoscopic approach as the primary opera-
tion 79.6% of the time on average.

Open and endoscopic surgical technique prefer-
ences were assessed, along with perioperative man-
agement issues (Fig 4). In open transcervical pro-
cedures, 61% of the respondents would perform a 
stapled diverticulectomy closure and 34% would 
perform a hand-sewn closure. Just 3% preferred a 
diverticulopexy technique, and 2% selected diver-
ticular inversion (Fig 4A). The majority of endo-
scopic surgeons selected stapling as their technique 
of choice, with 60% selecting this option, compared 
to 30% choosing laser diverticulotomy (Fig 4B). 
Five percent of the respondents selected an endo-
suture technique, and 2% selected harmonic scalpel 
diverticulotomy. Two respondents stated that they 

routinely staple and then treat with a laser the dis-
tal aspect of the surgical incision to complete the 
diverticulotomy. Of those surgeons who use a laser 
for ZD surgery, 89% use a CO2 laser and 11% use a 
potassium titanyl phosphate laser (Fig 4C). Twenty-
eight percent of the respondents place a feeding tube 
during the operation (Fig 4D). Thirty-one percent of 
the surgeons administer preoperative steroids, and 
the vast majority (91%) administer preoperative an-
tibiotics. Thirty-nine percent of the respondents ob-
tain an immediate postoperative chest radiograph. 

Postoperative Care. The ABEA members were 
polled on their standard postoperative routines for 
feeding their patients (Fig 5A). Thirty-two percent 
of the surgeons allow their patients to take liquids 
on the same day as their operation. Forty-two per-
cent allow liquid consumption on postoperative day 
(POD) 1, 23% start liquids on POD 2 to POD 7, and 
just 1 respondent started liquids after POD 7. Soft 
food was started on the same day as the procedure 
for 9% of respondents, on POD 1 for 29%, on POD 
2 to POD 7 for 48%, and after POD 7 for 12%. A 
return to normal diet was predictably delayed com-
pared to liquid or soft food consumption for most 
surgeons; however, 1 respondent indicated that they 
advance to a normal diet on the same day as the op-
eration, and 2 surgeons do so on POD 1. Forty-eight 
percent advance to a normal diet between POD 2 
and POD 7, and 52% after POD 7.

Other general postoperative care parameters were 
assessed, including the use of postoperative swal-
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Fig 3. Preoperative management of ZD. A) Surgeons were asked what minimum size of diverticulum would allow for surgical 
intervention. Data are presented as percent of respondents answering for each value. B) Treatment options aside from open or 
endoscopic myotomy were presented, and surgeons were asked whether they would consider these options always, sometimes, 
or never for their patients with ZD. Data are presented as percent of respondents choosing each option. Botox — botulinum 
toxin. C) Surgeons indicated which of listed studies they routinely obtained in workup of patient with ZD. Data are presented as 
percent of respondents choosing each study. CT — computed tomography; SLP — speech-language pathologist.

TABLE 2. LIKELIHOOD OF OFFERING ENDOSCOPIC 
PROCEDURE AS PRIMARY MANAGEMENT OF

ZENKER’S DIVERTICULUM

 Respondents

 Likelihood No. %
 100% 31 49.2
 81%-99% 17 26.9
 50%-80% 6 9.5
 1%-49% 3 4.8
 0% 6 9.5
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low studies. Fifty-six percent of the respondents do 
not routinely order postoperative swallow studies, 
27% order them before initiation of oral intake, and 
17% order them after initiation of oral intake (Fig 
5B). For those who order a postoperative swallow 
study after initiation of oral intake, 18% order them 
at discharge from the hospital, 27% order them 1 
week after discharge, 37% order them 1 month af-

ter discharge, and 18% order them 3 months after 
discharge (Fig 5E). Fifteen percent of the surgeons 
send their patients home on the same day as their 
operation, and nearly half (49%) send their patients 
home on POD 1. Routine discharge to home is on 
POD 2 to POD 4 for 33% of the respondents, and 
3% routinely keep their patients in the hospital for 
up to 5 to 7 days (Fig 5C). The surgeons generally 
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Fig 4. Operative management of ZD. A) Surgeons were asked 
which technique they generally use for closure of open transcervi-
cal diverticulectomy. B) Surgeons who perform endoscopic tech-
niques were asked which technology they generally use to com-
plete endoscopic Zenker’s diverticulotomy. C) Surgeons who use 
laser for endoscopic management were asked which laser they gen-
erally use. CO2 — carbon dioxide; KTP — potassium titanyl phos-
phate. D) Surgeons were asked whether they routinely place feed-
ing tube during operation, administer preoperative steroids or an-
tibiotics, or obtain immediate postoperative chest X-ray. Data for 
all figures are presented as percent of respondents answering for 
each choice.

Fig 5. Postoperative management 
of ZD. A) Surgeons were queried 
regarding their routine pattern of 
advancement of patients to nor-
mal diet after operation. Data are 
presented as percent responding 
for each postoperative time pe-
riod for liquid, soft, and normal 
diets. B) Surgeons were asked 
about their use of routine postop-
erative swallow studies. C) Sur-
geons were asked about standard 
postoperative routine date of dis-
charge to home after treatment 
of ZD. D) Surgeons were asked 
about standard timing for routine 
postoperative clinic follow-up af-
ter ZD surgery. E) Surgeons who 
routinely answered that they ob-
tain swallow study after oral in-
take (B) were asked at what time 
they routinely obtain this delayed 
swallow study. Data for all fig-
ures are presented as percent of re-
spondents choosing each choice. 
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see their patients 1 week after discharge (46%), 18% 
see patients 2 weeks after the operation, and 25% 
see their patients 1 month after the operation (Fig 
5D). Notably, 11% of the surgeons have their pa-
tients return only on an as-needed basis. 

Postoperative Complications of Endoscopic Sur-
gery. The surgeons’ recollections of their personal 
experience with common complications of endo-
scopic surgical techniques for ZD were assessed re-
garding recent and remote incidences of life-threat-
ening mediastinitis. The incidence of cases of medi-
astinitis was between 0 and 3 cases for all respon-
dents (Fig 6). Five surgeons recalled a single case 
of severe mediastinitis that prolonged hospital stay 
within the past year, and 1 surgeon had 2 cases with-
in the past year. Fifty-two surgeons (80%) had had 
no cases of mediastinitis in the past year. By extrap-
olation, this would suggest a total of 7 cases of me-
diastinitis for all respondents in the past year and a 
roughly 1% risk per case of mediastinitis for these 
ABEA members, based on the average of 9.6 cases 
of endoscopic surgery per year as mentioned in Ta-
ble 1. Nearly half of the respondents (49.2%) did not 
report a case of mediastinitis from the past 10 years, 
whereas 18.4% reported 1 case, 12.3% reported 2 
cases, and 4.6% reported 3 cases. 

Additional complications of endoscopic surgical 
techniques were queried, including surgical treat-
ment failure, postoperative chest pain, fever, and 
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Fig 7. Postoperative complications of endoscopic surgical intervention for ZD. Surgeons were asked how often they experi-
enced following problems after endoscopic management: A) surgical failure, B) postoperative chest pain, C) fever, and D) 
subcutaneous emphysema. Responses were grouped into distributions of 0%, 1% to 5%, 6% to 10%, 11% to 20%, and more 
than 20%. Data are presented as total number of respondents answering within each percent distribution range. Averaged total 
response to each of these data groups is presented in Table 3.

Fig 6. Recalled incidence of life-threatening mediastini-
tis following endoscopic surgery for ZD. Surgeons were 
asked how many cases of mediastinitis they had observed 
in their patients over past year and past 10 years. Data 
are presented as number of surgeons responding for each 
number of cases of mediastinitis.



subcutaneous emphysema. The surgeons were asked 
what percentage of the time cases were complicated 
by these factors. General evaluation of data patterns 
showed trends for grouping responses into 0%, 1% 
to 5%, 6% to 10%, 11% to 20%, and more than 20% 
responses. Responses in each of these percentage 
groups were counted and are displayed in graphic 
form in Fig 7, and averaged data are shown in Table 
3. Only 7 surgeons believed that the endoscopic sur-
gical technique was always effective in treatment of 
ZD (Fig 7A), with a fairly even distribution of re-
sponses between all selected groups. Three of the 65 
surgeons believed that endoscopic techniques had a 
greater than 20% failure rate. The average recalled 
failure rate from all responses was 7.8% (range, 0% 
to 75%). Roughly a third of the surgeons reported 
no regular incidence of postoperative chest pain 
(Fig 7B), whereas 26.2% noted at least a 10% inci-
dence rate. The average recalled incidence of post-
operative chest pain was 10.2% (range, 0% to 75%). 
The response distribution for recalled rates of post-
operative fever (Fig 7C) and postoperative subcu-
taneous emphysema (Fig 7D) showed lower inci-
dence trends, with an average incidence of fever at 
5.5% (range, 0% to 80%) and an average incidence 
of subcutaneous emphysema at 1.5% (range, 0% to 
100%). 

Comparison of Predominantly Endoscopic Ver-
sus Occasionally Endoscopic Surgeon Populations. 
The respondents were grouped into 2 general cate-
gories based on their willingness to offer an endo-
scopic procedure as a primary treatment for patients 
with ZD (Table 2). Respondents who were more 
than 80% likely to offer an endoscopic surgical tech-
nique on primary procedures for ZD were termed 
predominantly endoscopic (PE) surgeons, and those 
who offered endoscopic surgery 80% of the time or 
less were termed occasionally endoscopic (OE) sur-
geons. A subgroup analysis between these groups 
for trends in perioperative management and patient 
care was performed, and the data are presented in 
Table 4. The PE and OE surgical groups were near-
ly identical regarding years after graduation from 

training. The PE surgeons were slightly more like-
ly to be trained formally as laryngologists, but this 
difference was not statistically significant. The PE 
surgeons on average performed twice as many pro-
cedures for ZD per year as the OE surgeons (10.1 
versus 4.9; p = 0.019, Student’s t-test) and were less 
likely to have changed their technique during their 
career (62.5% and 88.9%; p = 0.042, χ2 analysis). 
The PE surgeons were more likely to operate on any 
size of diverticulum, although this difference was 
not statistically significant (54.1% versus 43.8%). 
The PE surgeons were roughly twice as likely to 
start liquids within 24 hours after surgery (83.3% 
versus 35.3%; p = 0.0009, Fisher’s exact test) and 
were nearly twice as likely to discharge their pa-
tients within 24 hours after surgery (81.3% versus 
43.8%; p = 0.014, Fisher’s exact test). The PE sur-
geons were less likely to place a feeding tube (25% 
versus 37.5%) or administer perioperative steroids 
(27.1% versus 43.8%) and were slightly more likely 
to have reported a case of mediastinitis within the 
past 10 years, but none of these results met statisti-
cal significance. The PE surgeons were half as likely 
to perform a swallow study as were the OE surgeons 
(31.3% versus 68.8%; p = 0.0017, Fisher’s exact 
test) and were more likely to treat with antibiotics 
for 24 hours or less (41.5% versus 25%; p = 0.043, 
Fisher’s exact test). Last, the PE surgeons were half 
as likely as the OE surgeons to find endoscopic tech-
niques ineffective (9.1% versus 18.3%; p = 0.014, 
Student’s t-test).
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TABLE 3. RECALLED INCIDENCE RATE OF
ENDOSCOPIC SURGICAL COMPLICATIONS

 Total
 No. of Average Data
 Respondents Incidence Range

Ineffective surgical approach 48  7.8% 0%-75%
Chest pain 55 10.2% 0%-75%
Fever 58  5.5% 0%-80% 
Subcutaneous emphysema 54  1.5% 0%-100%

Recalled incidence data are presented as mean values for those who 
responded, and data range displays highest and lowest values report-
ed. 

TABLE 4. “PREDOMINANTLY ENDOSCOPIC” VERSUS 
“OCCASIONALLY ENDOSCOPIC” SURGEONS

 Predominantly Occasionally
 Endoscopic* Endoscopic†
 (N = 48) (N = 17)

Years since graduation 20.3 20.2
Laryngology fellowship training 43.8% 35.3%
Average Zenker’s cases per year 10.1‡  4.9
Technique changed during career 62.5%‡ 88.9% 
Operate on “any size” 54.1% 43.8%
 diverticulum
Peroral liquids within 24 hours 83.3%‡ 35.3%
Discharge within 24 hours 81.3%‡ 43.8%
Placement of feeding tube 25.0% 37.5%
Perform swallow study 31.3%‡ 68.8%
Antibiotics 24 hours or less 41.5%‡ 25.0%
Administer perioperative steroids 27.1% 43.8%
Endoscopic approach ineffective  9.1%‡ 18.3%
Reported cases of mediastinitis in  0.622  0.46
 past 10 years

 Data are presented as mean values.
*Greater than 80% use of endoscopic technique at first surgical at-
 tempt.
†80% or less use of endoscopic technique at first surgical attempt.
‡p < 0.05, on Fisher’s exact test, χ2 test, or Student’s t-test.



DISCUSSION

Management of a patient with ZD is a highly in-
dividualized endeavor. Residency and fellowship 
training in head and neck surgery and laryngology 
continue to be an apprenticeship-style educational 
experience for most trainees, and permutations of 
patient care are expected and even encouraged for 
the most common of surgeries. The manner in which 
an otolaryngologist approaches both operative man-
agement and the perioperative care of a patient with 
ZD is certainly biased toward one’s previous train-
ing, but the value of an individual surgeon’s person-
al instincts, experiences, and abilities is incalcula-
ble. In addition, the art of medicine demands that 
there is no one “correct” way to manage every medi-
cal problem. Several different paths may eventually 
lead to a successful final outcome. This survey and 
the elicited responses herein demonstrate the true art 
of medicine; they display a wide variety of possi-
ble variations in patient care for this specific disease 
process, and evidence issues of current controversy 
in the management of these patients.

Few studies have analyzed the breadth of possi-
ble options for care of patients with ZD. This survey 
presents data from 26% of current ABEA members 
regarding their current management of ZD; this re-
sponse rate is low, but is similar to those in other re-
cent online survey publications. These reported sur-
vey responses suggest a pattern of common care that 
could be used to propose possible treatment algo-
rithms for patients with ZD. The preoperative work-
up for patients with ZD commonly includes a barium 
esophagogram and videofluoroscopic evaluation of 
swallow function.19 These studies can accurately de-
pict the size and orientation of the diverticulum, and 
can also predict generalized esophageal dysmotility 
that can sabotage swallowing outcomes after techni-
cally successful pharyngeal pouch surgery. Several 
authors have suggested that reflux may be causative 
in the development of ZD,20 whereas others have 
suggested that reflux has minimal involvement in 
the pathophysiology of this disease.21 It is hypoth-
esized that reflux to the lower esophagus increases 
the tone of the upper esophageal sphincter, thereby 
increasing resistance to food bolus transit through 
the cricopharyngeal segment and pharyngeal pouch 
formation over time.22 With this possibility in mind, 
regular ambulatory pH probe testing for esophageal 
reflux would perhaps establish a stronger causative 
relationship between these two disorders. Roles for 
transnasal esophagoscopy for mucosal surveillance 
and electromyographic testing of cricopharyngeal 
function can also be argued18; however, it is unclear 
how any of these studies will change the overall 
treatment of patients once a diverticulum pouch has 

developed. Studies beyond basic barium imaging 
and swallow evaluation are likely not necessary for 
patient workup, but may add to our understanding of 
the pathophysiology of cricopharyngeal dysfunction 
and diverticulum formation.

Several themes emerge from this survey regard-
ing the current state of operative care of ZD among 
the active membership of the ABEA. Diverticulum 
size is mostly irrelevant to half of the respondents 
in this survey, and a significant majority of respon-
dents pursue an endoscopic approach as their prima-
ry method of surgical treatment for ZD. This transi-
tion to endoscopic management of ZD has been slow 
but steady over the past several decades, with most 
practitioners now offering this operation to at least 
half of their ZD patients, according to this survey. 
Nearly half of the respondents to this survey indicat-
ed that they primarily offer an endoscopic technique 
in ZD management 100% of the time. A survey from 
2004 showed that 85% of surgeons in England pri-
marily performed endoscopic surgery, and our re-
sults roughly agree with these levels.11 Endoscopic 
stapler-assisted closure is twice as popular as laser-
assisted endoscopic diverticu lotomy among ABEA 
members — a trend that was also shown in the pre-
vious UK survey. 

Many surgeons have understandable concerns 
regarding the creation of an open mucosal disrup-
tion between the esophageal lumen and the medi-
astinum with the attendant risks of life-threatening 
mediastinitis. Sufficient anxiety regarding this com-
plication exists that interventions abound to formal-
ly seal the endoscopic diverticulotomy incision. A 
stapled diverticulotomy incision line may provide 
reassurance to the surgeon, but reports to date have 
not demonstrated significant differences in compli-
cation rates between laser- and stapler-assisted di-
verticulotomies.15 Proponents of the laser-assisted 
diverticulotomy technique additionally argue that 
the stapler is large and can obscure visualization, 
making it difficult to fully view the cricopharyngeal 
muscle fibers and ensure that a thorough myotomy 
has been performed.23 This may be the reason why 
several respondents to this survey complete their 
stapler-assisted diverticulotomy procedures with a 
finishing laser treatment at the base of the incision. 
Independent of technique, the responses to this sur-
vey clearly demonstrate a small but significant risk 
of life-threatening mediastinitis from ZD surgery 
and reinforce the necessity of discussing this com-
plication with every patient considering an opera-
tion for ZD.

No standard guidelines exist regarding the return 
to normal diet after surgical treatment for ZD, and 
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our data suggest a wide variety of possibilities re-
garding diet advancement. A significant portion of 
physicians in this survey allow liquid and even nor-
mal diet consumption on the same day as the op-
eration, and the vast majority of surgeons allow at 
least liquid consumption by POD 1. No prospective 
studies have been performed to evaluate the relative 
risks of each type of diet advancement in the back-
ground of endoscopic diverticulotomy or traditional 
transcervical diverticulectomy. It appears that over 
time, a slow transition has occurred in which pa-
tients are advanced to oral diets sooner after opera-
tion, in tandem with a trend toward outpatient sur-
gery for ZD.24 In our survey, 15% of respondents 
stated that they routinely discharge their patients on 
the day of the operation. Feeding tube placement is 
still performed by a significant number of practitio-
ners (28% in this study), but seems to be unneces-
sary for uncomplicated endoscopic management of 
ZD, according to our data. The utility of postoper-
ative esophageal imaging also appears to be ques-
tionable from these data, as 56% of the ABEA sur-
geons surveyed do not routinely perform this imag-
ing. The thresholds of esophageal imaging in detect-
ing a very small hypopharyngeal leak are debatable, 
and the ability of the body to tolerate small amounts 
of salivary leakage into the upper mediastinum is 
unknown. The maxim that diagnostic testing should 
only be ordered if it will alter the overall treatment 
course for the patient seems to suggest that esoph-
ageal imaging is not routinely necessary after en-
doscopic therapy for ZD. In addition, the residual 
presence of a diverticulum pouch after endoscopic 
treatment of ZD does not indicate surgical treatment 
failure; instead, ease of transport of swallowed ma-
terials through the cricopharyngeal segment is more 
indicative of success.25

Nearly all respondents concluded that endoscopic 
surgical techniques for ZD had a significant failure 
rate, with only 7 physicians stating that endoscopic 
approaches were 100% effective. Endoscopic treat-
ment strategies do not remove the adynamic poste-
rior wall of the diverticulum, and can therefore still 
allow for the potential for material to accumulate 
in this portion of the hypopharynx. The mechanism 
for improved postoperative dysphagia in these pa-
tients is directly due to the lack of the cricopharyn-
geal muscle septum between the diverticulum and 
the cervical esophagus. It is possible that large di-
verticula may lead to residual dysphagia due to the 
lack of peristaltic function in this retained Zenker’s 
pouch. Studies have shown that transcervical exci-
sion of the diverticulum pouch may improve global 
swallow function and quality of life in comparison 
to endoscopic treatments.26 It is for this reason that 

some authors suggest performing an open transcer-
vical approach for recurrent or persistent symptoms 
after endoscopic treatment of ZD.27 In addition to 
endoscopic treatment failure, a significant number 
of physicians reported postoperative chest pain as a 
common complication of this technique. Our insti-
tutional experience would suggest that about 10% of 
patients complain of this after laser diverticulotomy. 
Cardiac or pulmonary sources for this pain are rare-
ly identified, so the pain may be directly due to the 
open hypopharyngeal mucosal and cricopharyngeal 
incision itself, or to minor mediastinal inflammation 
related to the operation. Subcutaneous emphysema 
has been previously reported to have a higher inci-
dence after CO2 laser–assisted diverticulotomy, but 
is rarely seen.28 It seems likely that aggressive mask 
anesthesia administration during anesthesia resusci-
tation may be causative for this complication and 
should be minimized if possible.

Analysis of the responses to this survey delineat-
ed 2 clear ZD surgeon populations: those who readi-
ly choose endoscopic techniques for management of 
ZD and those who consider it a lesser option. Clear 
trends are seen in this survey regarding the opera-
tive case volume and management model for the PE 
and OE surgeons. The fact that PE surgeons were 
less likely to have changed their operative technique 
during their career suggests a heightened level of 
comfort with their operative approach. The PE sur-
geons have case volumes that are double those of 
the OE surgeons. The surgeons with higher endo-
scopic case volumes in this survey were less likely 
to perform barium esophagography before initiation 
of oral intake, and were more likely to advance to 
an oral diet and discharge their patients by POD 1. 
They also prescribed antibiotics for shorter periods 
of time. These data suggest that modern endoscopic 
management of patients with ZD is progressing to-
ward a minimalist approach with less testing and a 
faster return to a normal diet and outpatient life. 

The data presented in this study provide a current 
snapshot of patient care for ZD among ABEA mem-
bers, and allow for direct comparison of one’s per-
sonal approach to ZD management to that of a group 
of experienced practitioners. As there are few data to 
support the relative utility of any of these periopera-
tive care parameters in the literature, the final deci-
sion regarding the care for each ZD patient rests on 
the individual expertise of the surgeon. Further stud-
ies are needed to investigate the ability of specific 
perioperative care considerations to demonstrate ad-
vantages in clinical outcomes. In addition, thorough 
scientific evaluation of cricopharyngeal muscle dys-
function, esophageal motility disorders, and esopha-
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geal reflux in the evolution of ZD may eventually 
lead to a better understanding of the pathophysiol-
ogy of this disorder. Until these advancements oc-
cur, surgeons must individually decide how best to 
proceed with management of their patients with ZD. 

These data provide a contemporary reference for 
practitioners to critically assess their own well-en-
grained patterns of treatment for patients with ZD, 
and by direct comparison allow for improvement 
and evolution of patient care.



Endoscopic Treatment of Benign and Malignant Strictures
of the Cervical Esophagus and Hypopharynx

Andrea Gallo, MD, PhD; Giulio Pagliuca, MD, PhD; Marco de Vincentiis, MD;
Salvatore Martellucci, MD; Elsa Iallonardi, MD; Gianfranco Fanello, MD;

Fabrizio Cereatti, MD; Fausto Fiocca, MD 

Objectives: We evaluated the efficacy of endoscopic techniques employed in the management of cervical esophageal 
and hypopharyngeal strictures.

Methods: A series of 45 patients with cervical esophageal (35) and/or hypopharyngeal strictures (10) were included. 
Twenty-five patients (55.6%) with neoplastic strictures were treated for palliation alone. The stenosis was related to ra-
diotherapy in 11 patients (24.4%) and to postsurgical complications in 9 (20%). A group of 23 patients was treated with 
dilation alone (group 1). A second group included 22 patients treated with insertion of a self-expandable stent after failure 
of dilation treatment (group 2). The swallowing test data, clinical notes, and surgical reports were reviewed.

Results: All of the patients showed some degree of relief of dysphagia. In group 1, 19 of the 23 patients required mul-
tiple dilation treatments to maintain normal deglutition. In group 2, 7 of the 22 patients recovered regular oral feeding 
after stent placement, 10 patients reported pain and foreign body sensation, 2 patients reported pain so severe that stent 
removal was required, and 3 patients experienced stent migration. All but 3 of the 25 patients with inoperable tumors died 
during follow-up, but no patients with benign stenosis died.

Conclusions: The two groups showed comparable functional results. Dilation often requires multiple procedures, but is 
usually well tolerated. Placement of self-expandable stents is effective, but is generally less well tolerated.

Key Words: cervical esophageal stricture, dysphagia, endoscopic dilation, hypopharyngeal stricture, self-expandable 
stent.
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INTRODUCTION

A stricture in the proximal esophagus and hypo-
pharynx may be responsible for a permanent dys-
phagia associated with solid foods, which progress-
es to dysphagia with liquids over time. It occurs in 
most patients with squamous cell carcinomas and 
can be a devastating complication of organ-spar-
ing radiotherapy or surgery for head and neck can-
cer. The degree of dysphagia is strictly correlated 
with the degree of stenosis. The goal of any surgical 
treatment is to improve the degree of dysphagia and, 
consequently, the patient’s quality of life. However, 
in the anatomic region of the cervical esophagus and 
hypopharynx, any surgical intervention is technical-
ly difficult because of anatomic and physiological 
factors. Endoscopic management consists essential-
ly of two groups of techniques: dilation and self-ex-
pandable stent application. Despite the good results 
of dilation procedures, some types of strictures, es-
pecially neoplastic, postsurgical, and postirradia-

tion stenoses, may be refractory to treatment and re-
quire repeated dilations.1 On the other hand, in pa-
tients with cervical esophageal and hypopharyngeal 
strictures, dilation with flexible bougies or balloon 
dilators is more widely used. Because of possible 
migration of the prosthesis, compression of the tra-
chea, pain, and foreign body sensation, self-expand-
able stents have had limited use and have been con-
sidered impractical.2 Despite these problems, which 
continue to be a challenge for every surgeon, in re-
cent years many authors have published good func-
tional results and determined the efficacy and safety 
of stent implantation at the level of the hypopharynx 
and/or cervical esophagus.2-4

In this study, we present our experience in the en-
doscopic management of 45 patients with cervical 
esophageal and hypopharyngeal stenosis due to ma-
lignant lesions with postsurgical or postirradiation 
complications who were treated with dilation tech-
niques and/or self-expandable stent application. We 



TABLE 1. DYSPHAGIA SCORE GRADING5

 Grade Description

 0 Normal swallowing
 1 Ability to eat some solids
 2 Ability to eat semisolids only
 3 Ability to swallow liquids only
 4 Inability to swallow anything, or total dysphagia

TABLE 2. PATIENT CHARACTERISTICS

 Group Group
 1 2 Total
Cases of strictures
 Total 23 22 45
 Cervical esophagus 18 17 35
 Cervical esophagus and hypopharynx 5 5 10
Tumors
 Total 13 12 25
 Cervical esophagus 11 9 20
 Cervical esophagus and hypopharynx 2 3 5
Postradiotherapy strictures
 Total 4 7 11
 Cervical esophagus 3 6 9
 Cervical esophagus and hypopharynx 1 1 2
Postsurgical strictures
 Total 6 3 9
 Cervical esophagus 4 2 6
 Cervical esophagus and hypopharynx 2 1 3
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compared the subjective tolerability, functional re-
sults, and complications of treatment between these 
two groups.

MATERIALS AND METHODS

We retrospectively reviewed the medical charts 
of a group of 45 patients with hypopharyngeal and/
or cervical esophageal stenosis who underwent re-
canalization at the Department of Sensorial Organs, 
Otorhinolaryngology Section, and the Department 
of Surgery Paride Stefanini, Sapienza University of 
Rome, from 2001 to 2010. Approval for this study 
was obtained from our Institutional Review Board. 
Twenty-five patients were male (55.6%) and 20 
were female (44.6%); the age range was 44 to 77 
years (mean, 60.6 years). The stenosis was located 
in the proximal esophagus in 35 cases (77.8%; 17 
male, 18 female; mean age, 61 years; range, 52 to 77 
years) and in the hypopharynx in 10 cases (22.2%; 
8 male, 2 female; mean age, 57.5 years; range, 44  
to 69 years). At the time of surgery, 40 patients 
(88.9%) had a tracheostomy and 5 (11.1%) did not. 
In 25 patients (55.6%) the stenosis was related to an 
inoperable tumor; in 11 patients (24.4%) the stric-
ture developed after radiotherapy, and in 9 (20%) 
the stricture developed after surgical treatment.

Dysphagia was graded from 0 to 4, both before 
and after surgery, by use of the scoring system first 
described by Mellow and Pinkas5 and shown in Ta-
ble 1. Seven patients (15.5%) presented with grade 2 
dysphagia, 21 (46.7%) with grade 3, and 17 (37.8%) 
with grade 4 before treatment (mean score, 3.22). 
Scores were given before surgery and 48 hours after 
surgery and then at regular 1- to 2-month intervals. 
Initially, all 45 of our patients underwent antero-
grade dilation with Savary-Gilliard flexible bougies. 
Patients without relief of symptoms or with recur-
rent dysphagia underwent repeated dilations. In ac-
cordance with Kochman et al,6 when strictures failed 
to respond to endoscopic dilations, and in particular, 
when there was an inability to introduce a 14-mm 
dilator over the course of 5 sessions at 2-week inter-
vals, they were defined as refractory and we inserted 
a self-expandable stent.

We divided our patients into groups depending on 
the kind of treatment that was performed. Group 1 

included 23 patients (51.1%) treated with dilation 
alone, whereas group 2 included 22 patients (48.9%) 
treated with insertion of self-expandable metallic 
or plastic stents after failure of dilation treatment. 
Some characteristics of our patients are highlighted 
in Table 2. In cases of inoperable cancer, we left the 
stent in place as palliative treatment until it was well 
tolerated by the patients in order to obtain long-term 
dysphagia relief. When the stent was well tolerated 
in our 10 patients with benign stenosis, we kept it in 
place for about 4 months. After stent removal, we 
assessed the degree of stenosis every month and per-
formed a balloon or bougie dilation when necessary. 
All procedures were performed exclusively under 
conscious sedation induced by midazolam maleate 
5 mg and after topical anesthesia (lidocaine hydro-
chloride 2%). The endoscopies were performed with 
9.8-mm video endoscopes (GIF-Q145, Olympus 
Optical Co, Tokyo, Japan) in the left lateral posi-
tion.

All 23 patients of group 1 underwent dilation with 
Savary-Gilliard polyvinyl dilators. Balloon dilation 
was performed as an adjunct in 11 patients. Polyvi-
nyl Savary-Gilliard dilators have become popular in 
recent years. They consist of a range of polyvinyl 
tubes (5 to 20 mm in diameter), each with a 20-cm 
tapered tip. A radiopaque band at the dilator’s widest 
point aids radiologic localization. A guidewire was 
introduced into the endoscope accessory channel and 
advanced until it was visualized endoscopically well 
beyond the strictured area. When the guidewire was 
in position, the endoscope was slowly withdrawn. 
Continuous fluoroscopic monitoring of the guide-
wire ensured that it remained in position. Bougies of 
increasing size were passed over the guidewire. One 



to 3 dilators were passed during each session.

Balloon dilators are widely used and may be 
passed through the scope or with a guidewire. Bal-
loon dilation was performed through the scope un-
der direct endoscopic visualization with the balloon 
centered at the narrowest point of the stricture. In 
the wire-guided technique, a guidewire was passed 
under fluoroscopic control. With the guidewire 
in place, the balloon catheter was passed over the 
guidewire. The balloon was positioned centrally in 
the constricted segment of the lesion and was inflat-
ed under fluoroscopic control. The maximum dilat-
ing pressures varied in relation to the balloon size 
used and ranged between 30 and 45 psi. Water was 
the standard agent used to expand the balloons, but 
air or contrast agents were also used. Inflation times 
ranged from 20 to 60 seconds.

In group 2, 22 patients with refractory stenosis 
were treated by implantation of a self-expandable 
stent inserted orally under endoscopic visualization 
and fluoroscopic monitoring. We used 6 partially 
covered Wallflex stents (Boston Scientific, Natick, 
Massachusetts), 12 covered Niti-S stents (Taewoong 
Medical, Seoul, Korea), and 4 Polyflex plastic stents 
(Boston Scientific). The choice of stent was not sub-
mitted to specific criteria. We used stents that the 
health policy of our hospital provided at the time of 
surgery.

The Wallflex stent is a partially covered stent 
made of multiple braided wires that has an internal 
silicone covering and uncoated flanges on both ends. 
The body of the stent has an 18- or 23-mm diameter 
and a flange diameter of 23 or 28 mm, respectively, 
on both ends. It is available in 3 lengths: 10, 12, and 
15 cm (covered lengths of 7, 9, and 12 cm, respec-
tively). The Niti-S stents have an inner polyurethane 
layer and an outer, uncovered nitinol wire to prevent 
migration. They are available in 3 lengths: 9, 12, and 
15 cm. The stent flares to 26 mm at its proximal and 
distal ends and has a body diameter of 18 mm. The 
Polyflex stent is a self-expanding plastic stent made 
of polyester netting embedded in silicone. Its wall 
thickness is 0.45 mm, and it has radiopaque mark-
ers at both ends and in the middle. It is available in 3 
lengths: 9, 12, and 15 cm. The stent flares to 20, 23, 
or 25 mm at its proximal end and has a correspond-
ing body diameter of 16, 18, or 21 mm. All types of 
stents were delivered in a compressed form inside an 
introducer sheath. Under endoscopic visualization, 
a stiff guidewire was inserted through the working 
channel and passed over the stricture. When passing 
the tumor with the endoscope was not possible, it 
was withdrawn and the stricture was dilated to 9 to 
11 mm by Savary-Gilliard dilators until the diameter 

was large enough for passage of the stent delivery 
system. Next, again under endoscopic visualization 
and fluoroscopic control, the stent, compressed in-
side its applicator, was passed over the guidewire, 
traversing the stricture. The outer sheath of the ap-
plicator was gently removed, while the upper end 
of the stent was kept in the desired position until 
complete deployment of the stent was achieved. If 
a stent failed to fully expand, a balloon dilator was 
inserted and inflated inside the stent. In all cases, the 
stent overlapped the upper and lower borders of the 
stenosis by at least 2 cm.

RESULTS

All 45 patients underwent dilation with Savary-
Gilliard or balloon dilators. Twenty-two of the 45 
patients (48.9%) presented refractory stenosis and 
underwent stent placement. As highlighted in Table 
2, no significant difference between the 3 types of 
stenosis (neoplastic, postsurgical, and postirradia-
tion) was found in relation to the frequency of re-
fractory strictures and, consequently, of stent place-
ment (p = 0.4).

In group 1, 48 hours after the first dilation treat-
ment, the average grade of dysphagia was reduced 
from 3.17 to 1.22, and in group 2 the dysphagia grade 
was reduced from 3.27 to 1.04 after stent placement. 
We found no statistically significant differences be-
tween the two groups regarding short-term function-
al results. In group 1, 4 of 23 patients (17.4%) recov-
ered satisfactory oral feeding after only 1 treatment 
and did not require further dilation. One of these pa-
tients had a postirradiation stricture, and 3 developed 
postsurgical stenosis. Repeated dilation was neces-
sary in 19 patients (82.6%): in 3 post ir radiation cas-
es, in 3 postsurgical cases, and in 13 cases with neo-
plastic stricture. Two patients (8.7%) required only 
1 repeat dilation during follow-up, and 17 (73.9%) 
required multiple dilations (minimum, 3; maximum, 
14). No severe complications such as perforations or 
massive bleeding were observed. The mean follow-
up time was 18.2 months (range, 3 to 80 months), 
but, of course, the 13 patients with inoperable ma-
lignant stenosis had a shorter follow-up (mean, 6.2 
months; range, 3 to 14 months). Only 2 patients with 
neoplastic strictures from group 1 were still alive at 
the time of this report, surviving 8 and 4 months.

In group 2, stent insertion was technically suc-
cessful in all 22 patients. No procedure-related stent 
occlusions, perforations, or deaths due to tumor 
growth or severe bleeding were observed. Seven of 
the 22 patients (31.8%) recovered regular oral feed-
ing and did not show any significant complications. 
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Ten of the 22 patients (45.4%) reported chest and/
or neck pain that required the use of analgesics. In 
2 of 22 patients (9.1%) — 1 patient with neoplas-
tic stenosis and 1 with postsurgical stenosis — the 
symptoms were so severe that stent removal was re-
quired 12 and 21 days after its placement. Stent mi-
gration was reported in 3 patients (13.6%): 2 with 
neoplastic stenosis and 1 with postsurgical stenosis. 
The stent was repositioned in 2 patients and replaced 
in 1 patient. Three patients with malignant strictures 
developed recurrent dysphagia due to overgrowth of 
neoplastic tissue — in the proximal end of the stent 
in 2 patients and in the distal end in 1 patient — at 
4, 6, and 8 months after placement of the prosthesis. 
Endoscopic neodymium:yttrium-aluminum-garnet 
laser recanalization was performed in all 3 cases. 
Nine patients with a benign stenosis who kept the 
stent in place underwent removal of the prosthesis 
after about 4 months, and the degree of stenosis was 
assessed every month (see Figure). In 2 patients,  
we performed balloon dilation 5 and 7 months after 
stent removal, and in 1 case we performed it twice, 
after 4 and 11 months. The mean follow-up time was 
17.3 months (range, 3 to 76 months). The patients 
with inoperable malignant stenosis had a mean fol-
low-up of 7.3 months (range, 3 to 14 months). Only 
1 patient with a neoplastic stricture from group 2 
was still alive after 7 months at the time of this re-
port.

DISCUSSION

One of the challenges in the treatment of cervi-
cal esophageal and hypopharyngeal strictures is the 
relief of dysphagia, which represents the cardinal 
symptom of patient distress. Endoscopic dilation is 
the most commonly used treatment, especially for 
benign strictures, but severe, refractory, or tumoral 
stenosis frequently requires some form of stenting. 
Endoprosthesis placement is the treatment of choice 

for recanalization of thoracic and abdominal esoph-
ageal strictures,7 but the proximity to the cricopha-
ryngeal sphincter limits its use for cervical esoph-
ageal and hypopharyngeal stenoses because of the 
potential problems of severe cervical pain, globus 
sensation, bleeding, compression of the trachea, and 
proximal migration of the prosthesis.8 Several stud-
ies published in the literature demonstrated that this 
traditional view has begun changing and that stents 
are increasingly used by endoscopists.3,4 In this 
study, we reported our experience in the treatment 
of 45 patients with stenosis due to inoperable cer-
vical esophageal and/or hypopharyngeal cancer (25 
cases) or postirradiation (11 cases) or postsurgical 
complications (9 cases). Each of these variants of 
stenosis or stricture may require repeated dilations 
and can require stent placement because of frequent 
recurrence. The outcome following dilation of neo-
plastic strictures strongly depends on the growth 
rate of the tumor, whereas the circular involvement 
and transmural fibrosis due to postoperative inflam-
mation, irradiation, or both, in patients with benign 
strictures account for the tendency of the lesion to 
recur.9

The diagnosis of cervical esophageal and hy-
popharyngeal squamous cell carcinoma is usual-
ly established in an advanced stage, and the prog-
nosis is generally unfavorable. Despite aggressive 
treatment, the overall 5-year survival rate is poor, 
ranging from 25% to 40%.10 Therapeutic interven-
tions are largely limited to palliation with the aim 
of relieving the patient’s dysphagia. In our series, 
we observed 25 patients with inoperable neoplastic 
strictures. All patients but 3 died of tumor-related 
causes during the follow-up period. In 13 cases, we 
achieved satisfactory improvement of symptoms by 
performing repeated dilations, but in 12 cases the tu-
mor growth was so aggressive that stent placement 
was required.
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Niti-S stent in patient with postsurgical stenosis. A) Endoscopic image of stent in place. B) Lateral fluoroscopic view. C) Endo-
scopic image about 3 months after stent removal.



Secondary strictures of the upper esophagus and/
or hypopharynx are the potential sequelae that may 
occur after laryngectomy or laryngopharyngecto-
my11 and external beam radiotherapy for squamous 
cell carcinoma. The use of chemotherapy combined 
with radiotherapy has increased the number of pa-
tients who experience stricture formation after treat-
ment.12 Stricture of the upper esophagus after radio-
therapy is mainly characterized by fibrosis caused 
by progressive obliterative endarteritis, leading to 
ischemia of the esophageal wall. In agreement with 
the literature, our data confirm that postsurgery and 
postradiotherapy strictures may require repeated 
interventions and are often refractory to dilation.9 
In our series, 7 of 11 patients with postirradiation 
changes and 3 of 9 patients with postsurgical steno-
sis required stent placement because of refractory 
strictures.

Esophageal perforation represents the most fre-
quent severe complication of dilation techniques, 
and can cause sepsis and mediastinitis. However, 
this complication can be considered rather rare, 
with rates of 0.1% to 0.4% reported in the litera-
ture for esophageal dilation in general.13,14 Our re-
sults show that the Savary-Gilliard and balloon di-
lation technique are relatively safe procedures, and 
severe complications such as esophageal perforation 
or massive bleeding have not been reported. On the 
other hand, slight bleeding and mucosal erosion are 
frequent conditions that resolve spontaneously with-
out specific treatments.

In 22 of the 45 patients, recurrent stenoses after 
dilation were so frequent that stent placement was 
required. We used 3 different types of partially cov-
ered or plastic self-expandable stents. The cover 
avoids ingrowth of tumor through the metal mesh, 
which is reported to occur in more than 25% of pa-
tients with an uncovered stent in the esophagus.15 In 
our series, we observed tumor overgrowth in 3 cas-
es, and it was removed with laser ablation.

In patients with neoplastic stenosis, we maintain 
the stent in place during the entire follow-up. As 
highlighted in Results, these patients remained with 
the stent in place, on the average, for 7.3 months 
(range, 3 to 14 months) — usually until death. Con-
versely, in those patients with postsurgical and post-

irradiation strictures, who have a longer life expec-
tancy, we removed the stent 4 months after place-
ment and assessed the hypopharyngeal and esopha-
geal luminal patency during the following months. 
We obtained good functional results, and only 3 of 
the 9 patients who tolerated the stent required sub-
sequent dilation several months after stent removal.

Chest pain and foreign body sensation are the 
most common patient complaints after stent place-
ment. The most probable cause of this pain is stretch-
ing of the esophageal wall after stent expansion and, 
in addition, esophageal spasm secondary to gastric 
acid reflux.16 It was generally relieved within a few 
days with simple analgesics. In 2 patients, the pain 
was severe and did not respond to analgesics and/or 
narcotics; thus, stent removal was necessary.

Stent migration can be due to incomplete expan-
sion or malpositioning of the stent, overdilation of 
the stenosis before stent placement, or esophageal 
peristalsis.16 In our series, we observed stent mi-
gration in 3 of the 22 patients (13.6%): 2 with neo-
plastic stenosis and 1 with postsurgical stenosis. The 
stent was repositioned in 2 patients and replaced in 
1. Hemorrhaging is generally mild and self-limiting, 
but severe bleeding represents a major complica-
tion of stent insertion that has been reported in 1% 
to 12% of cases in different studies on the esophagus 
in general.17 In our series, we experienced only mi-
nor hemorrhaging that did not require specific treat-
ments. Perforation, tracheoesophageal fistulas, and 
tracheal compression are other serious complica-
tions with a high mortality rate that we did not expe-
rience in our series.

CONCLUSIONS

Cervical esophageal stenosis and hypopharynge-
al stenosis are challenging conditions. The strictures 
are often refractory to dilation treatment and may 
require stent placement. In our experience, dilations 
were relatively safe and effective in achieving and 
maintaining adequate dysphagia relief in approxi-
mately 50% of cases. Patients with refractory steno-
sis who underwent stent placement reported good 
functional results and generally had a low rate of 
complications. Stents, although sometimes poorly 
tolerated by patients, proved to be effective for both 
malignant and benign strictures.
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Novel Use of a Suction-Irrigation Device to Remove
Impacted Blood Clot From the Airway

CPT Benjamin J. Westbrook, MD; CPT Michael Wilhelm, MD; MAJ Joseph Shvidler, MD

Objectives: We sought to describe the novel use of a suction-irrigation device to remove a large blood clot that was caus-
ing critical obstruction of the trachea and main stem bronchi in our patient.  

Methods: A large-bore suction-irrigation device designed for use in gynecologic cases was adapted for use in removal 
of an obstructing blood clot in the face of patient decompensation after several unsuccessful attempts at removal with 
standard otolaryngological instruments.  

Results: The tracheal obstruction and the significant bronchial obstructions were successfully removed with the suction-
irrigation device. The patient’s ventilatory status quickly stabilized. He was extubated the following day and discharged 
home.  

Conclusions: The suction-irrigation device proved highly successful in removing a large blood clot from the airway. A 
similarly designed device made specifically for the airway could prove useful in similar cases in the future. 

Key Words: airway blood clot, airway foreign body, impacted foreign body, tracheal blood clot. 
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INTRODUCTION

Airway blood clots are a rare cause of acute respi-
ratory compromise. Evaluation with rigid bronchos-
copy is typically required for assessment and inter-
vention. Depending on the size and nature of the clot 
burden, the instruments in the standard bronchosco-
py or foreign body tray may prove inadequate for re-
moval of the clot in an expeditious fashion to avoid 
death. This article discusses unique methods de-
scribed in the literature for eliminating airway blood 
clots and details the use of novel instrumentation at 
our institution. 

CASE REPORT

A 93-year-old man on a regimen of warfarin so-
dium presented to our emergency department after 
falling and hitting his chest on the ground. Signifi-
cant bruising of his chest wall, an international nor-
malized ratio of 7.55, and a prothrombin time of 
65.5 seconds were identified during his evaluation. 
He was given vitamin K and fresh frozen plasma, 
but soon afterward developed increasing respiratory 
difficulty and was intubated. The pressure required 
to maintain ventilation steadily increased. Flexible 
bronchoscopy revealed a blood clot in the trachea, 

and the otolaryngology service was consulted for 
rigid bronchoscopy and removal of the airway blood 
clot. The patient was taken to the operating room, 
and rigid bronchoscopy revealed copious amounts 
of fibrinous blood clot filling his trachea (Fig 1).

Because of the nature of the blood clot, attempts 
to remove it with the largest-caliber suction device 
in our surgical set and by piecemeal extraction with 
grasping forceps were unsuccessful. During this 
time, the patient’s ventilatory requirements increased 
and his status became more urgent. A StrykeFlow 2 
disposable suction-irrigation device (Stryker, Kala-
mazoo, Michigan; Fig 2), traditionally used for gy-
necologic procedures, was brought to the operating 
room and used through the rigid bronchoscope. By 
virtue of the larger-caliber suction and the pulsed ir-
rigation of the instrument, the tracheal obstruction 
and the significant bronchial obstructions were suc-
cessfully removed with the device (Fig 3). The pa-
tient’s ventilatory status quickly stabilized. He was 
extubated the following day and discharged home. 

DISCUSSION

Although tracheobronchial blood clots are rare, 
they can result in acute respiratory collapse and 
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Fig 1. Removal of blood clot from airway with suction-irri-
gation device. A) Tracheal blood clot can be seen obstruct-
ing airway. B) Clearing of left main stem bronchus. C) Com-
plete removal of clot. 

Fig 2. Stryker StrykeFlow 2 disposable suction-
irrigation device. 

death if not quickly recognized and treated.1 They 
are well described in the literature in case reports, 
typically as complications of an intubated patient. 
There are various causes, including trauma, iatro-
genic instrumentation, infection (tuberculosis, lo-
bar pneumonias), complications of neoplasm, and 
hypercoagulability status.2 The array of possible 
treatments are congruently numerous and reflect the 

ingenuity of the airway surgeon at times of acute 
physiologic distress. Some of the novel techniques 
described include the use of a Fogarty balloon cath-
eter passed distal to the blood clot, insufflated, and 
retracted to dislodge the obstruction.1 Endotracheal 
tubes have been used in a similar fashion for more 
proximal tracheal blood clots.1 Endobronchial ap-
plication of streptokinase to disrupt the clot has been 



used with some success.1 Proper evaluation of an in-
tubated patient in respiratory distress should include 
bronchoscopic examination to rule out tracheobron-
chial blood clots.1-3

In this case report, we submit another solution 

that proved to be dramatically effective in removing 
a large fibrinous clot that occupied the distal trachea, 
both main stem bronchi, and the segmental bronchi-
oles in our patient with acute, progressive respira-
tory distress. Several attempts were initially made at 
piecemeal removal with laryngeal forceps and suc-
tion. It became obvious that this method would be 
ineffective in a patient whose respiratory status was 
becoming progressively tenuous. The staff doctor 
called for a large suction-irrigation device typical-
ly used for dilation and curettage by gynecologists. 
The caliber of the suction-irrigation device was sub-
stantially larger than that of the laryngeal suction 
device we had in our bronchoscopy set. The ability 
to use rapid, pulsed suction and irrigation made for 
efficient removal of the blood clot with immediate 
resolution of the respiratory distress.

CONCLUSIONS

The StrykeFlow 2 suction-irrigation device prov-
ed highly successful in removing a large blood clot 
from the airway. A similarly designed suction-irri-
gation device made specifically for the airway could 
prove useful in similar cases in the future.
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Function Preservation Surgery in Patients With
Chondrosarcoma of the Cricoid Cartilage

Steven M. Zeitels, MD; James A. Burns, MD; John C. Wain, MD;
Cameron D. Wright, MD; Andrew E. Rosenberg, MD

Chondrosarcoma is a rare laryngeal neoplasm that is most commonly encountered in the cricoid cartilage and is opti-
mally treated by surgical excision. It is typically a slow-growing malignancy with well-defined margins and a minimal 
risk of metastasis; however, radiographic imaging studies often appear ominous if the clinician correlates these findings 
to the biological behavior of epithelial cancer. Furthermore, the fact that the neoplasm’s epicenter is usually under the 
cricoarytenoid joint can lead to airway and voice deficits before and after operation. Although many surgeons opt for 
function-sparing resection approaches, it is commonplace for some surgeons to injudiciously perform total laryngectomy 
as the initial treatment because of the rarity, large size, location, and appearance of these tumors on imaging studies. A ret-
rospective review was done on 10 cases of cricoid chondrosarcoma to gain insight into the treatment strategies designed 
to preserve laryngeal function while minimizing the risk of local recurrence. We performed surgical resection in 8 of the 
10 patients; 2 underwent endoscopic removal and 6 underwent transcervical partial laryngectomy. All are free of disease 
with good voice and swallowing function. One patient developed a limited recurrence and required a second transcervi-
cal partial laryngectomy. Function-sparing surgical treatment of chondrosarcomas of the cricoid cartilage can usually be 
achieved. Surgeons should carefully modify the core principles of epithelial cancer surgery techniques, adjusting to the 
different biological behavior of laryngeal chondrosarcomas.

Key Words: chondrosarcoma, cricoid cartilage, laryngeal cancer, larynx, partial laryngectomy, subglottic reconstruction, 
subglottic tumor.
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INTRODUCTION

Chondrosarcomas of the larynx are rare neoplasms 
that constitute fewer than 1% of laryngeal tumors; 
the majority arise in the cricoid cartilage.1 They are 
usually indolent, slow-growing cancers that are lo-
cally invasive and rarely metastasize.1-3 The symp-
toms typically relate to vocal dysfunction and/or air-
way restriction.1 On occasion, the neoplasm will be 
identified during upper aerodigestive tract endosco-
py performed for another reason, such as bronchos-
copy, esophagoscopy, or direct laryngoscopy for 
routine intubation. The vocal dysfunction is char-
acterized by aerodynamic incompetency and com-
pensatory strain used to achieve (inadequate) poste-
rior glottal closure.1,4 These tumors most commonly 
arise under the facet of one cricoarytenoid joint. As 
the tumor expands, the mobility of the joint often 
becomes impaired. Additionally, the arytenoid car-
tilage becomes displaced in a cephalad direction so 
that there is a height differential between the vocal 

folds, as well as inadequate posterior glottal adduc-
tion. Larger tumors can encroach into the subglottic 
lumen, impairing the airway and compounding the 
diminished arytenoid abduction.

The laryngoscopic examination typically reveals 
a submucosal subglottic neoplasm, which is usually 
below the arytenoid cartilage. Its appearance on a 
radiograph is striking; the radiograph typically re-
veals a mass within the cricoid cartilage that can 
have intraluminal or extraluminal extension. Al-
though many surgeons opt for function-sparing re-
section approaches, it is commonplace for some to 
injudiciously perform total laryngectomy as the ini-
tial treatment. This usually occurs because of limit-
ed experience with these rare neoplasms, along with 
these tumors’ frequent large size, surgically difficult 
location, and ominous appearance on imaging stud-
ies. 

The high frequency with which total laryngecto-
my is performed as an initial treatment for laryn-
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geal chondrosarcomas was established in an Armed 
Forces Institute of Pathology (AFIP) study, which 
included 111 cases from different locations through-
out the world.1 All cases were treated with surgery. 
Despite the fact that 105 of the 111 were grade 1 or 
grade 2 tumors, total laryngectomy was performed 
in 37. This high rate of total laryngectomy is not 
philosophically consistent, according to those who 
manage the disease more frequently.1,4,5 It is not un-
common for less experienced clinicians to equate 
the radiologic findings with the clinical implication 
of squamous cell carcinoma, which is overwhelm-
ingly more common for a malignant neoplasm in the 
cricoid cartilage. This incorrect philosophy can lead 
to total laryngectomy and its associated morbidity 
and likely represents overly aggressive treatment. 
For this reason, we examined a cohort of patients 
with cricoid chondrosarcoma to gain insight into the 
treatment strategies designed to preserve laryngeal 
function while minimizing the risk of local recur-
rence.

MATERIALS AND METHODS

A retrospective case review was done with Insti-
tutional Review Board approval on 10 patients who 
presented with cricoid chondrosarcoma between 
1995 and 2010. All underwent office laryngoscopy 
and tracheoscopy. Eight of the 10 underwent conser-
vation function preservation surgery by our group. 
One of the 10 elected to undergo total laryngectomy 
at another institution despite having a grade 1 tumor 
and receiving careful counseling about the option of 
partial laryngectomy. One of the 10 was 75 years of 
age and presented with a persistent extraluminal tu-
mor (grade 1) after removal of the neoplasm at an-
other institution. He decided not to pursue any fur-
ther treatment, because his airway was normal and 
his voice symptoms had not changed in the 5 years 
since the prior surgery. 

Of the 8 patients who underwent surgery, 2 un-
derwent endoscopic removal and 6 underwent trans-
cervical partial laryngectomy (TPL). The technique 
for endoscopic removal comprised cold instrument 
piecemeal removal with telescopic and frozen-sec-
tion guidance. It was not feasible to remove the sub-
glottic cricoid neoplasm en bloc through the glottal 
aperture. 

Larger neoplasms were removed by means of la-
ryngofissure assisted by a microscope or magnify-
ing loupes. A tracheotomy was placed during the op-
eration with the cuff inflated to avoid subcutaneous 
emphysema. If less than 25% of the cricoid cartilage 
circumference was removed, a free graft of fat or 
dermis was placed in the cricoid defect to dimin-

ish subcutaneous emphysema in the early postoper-
ative period. Larger defects were reconstructed with 
a tracheal advancement flap6 or a cryopreserved free 
aortic homograft.7

RESULTS

Of the 8 resections performed, pathologic analy-
sis revealed that 1 was grade 3, 2 were grade 2, and 
5 were grade 1; none of the patients had metastasis. 
None of the subglottic tumors invaded the arytenoid 
cartilage or the soft tissue of the glottis. All 8 pa-
tients surgically treated by our group are free of dis-
ease with an average follow-up of 4 years. All have 
adequate voice and normal postoperative swallow-
ing function. One of the 8 presented with a trache-
otomy and near-total neoplastic replacement of the 
cricoid cartilage with severe airway obstruction and 
continues to require a tracheotomy (see below).

On presentation, all patients noted voice changes 
caused by airflow changes to the phonatory glottis 
and/or impaired glottal adduction. Cricoarytenoid 
joint mobility was impaired by the neoplasm on pre-
sentation in 6 of the 8 patients. These 6 patients un-
derwent TPL. One patient with a grade 3 tumor de-
veloped a limited recurrence at about 15 months and 
underwent a second TPL and additional postopera-
tive radiotherapy. Therefore, 7 TPL procedures were 
performed in 6 patients. Considering this recurrence 
of a grade 3 tumor, the Kaplan-Meier 5-year esti-
mate of freedom from recurrence is 85%. All 7 TPL 
procedures were performed as a single-stage resec-
tion and reconstruction, and none included place-
ment of an intraluminal stent. Three of the 7 proce-
dures included tracheal advancement (see Figure), 
and 2 included reconstruction with a free aortic ho-
mograft. A local free patch graft of fat or dermis was 
used in 2 procedures.

After the procedure, there was a wide spectrum 
of voice quality and a substantial range of acous-
tic and aerodynamic characteristics based on the 
size and location of the neoplasms. All patients now 
have a serviceable voice that is unassisted by ampli-
fication, and all reported being very satisfied. The 
acoustic and aerodynamic data did not provide sub-
stantial insight into the voice outcome because of 
the idiosyncrasies of analyzing a small number of 
cases with disparate-sized neoplasms and treatment 
methods. Not surprisingly, the 2 patients treated by 
endoscopy had near-normal postoperative vocal 
function. They presented with full mobility of the 
cricoarytenoid joints, and the vocal folds were unaf-
fected by the surgery. The patients who had TPL and 
had less than 25% of the cricoid cartilage removed 
had better voices perceptually than did those who 
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underwent larger cricoid resections. 
There were no major complications or wound in-

fections. Five of the 8 patients underwent microla-
ryngoscopic removal of granulation, edema, or part 
of the arytenoid cartilage after the operation to fa-
cilitate tracheotomy decannulation.

Seven of the 8 patients do not currently require a 
tracheotomy tube, and their airway caliber is normal 
or minimally affected, so that none of the 7 requires 
ongoing airway management. The other patient re-
mains with a planned permanent tracheotomy but 
retains an excellent voice and swallowing function. 
She is the wife of a general surgeon who underwent 
an initial treatment at another institution in 2002 for 
a grade 2 neoplasm. She had extensive recurrence 

with subglottic airway obstruction and required a 
tracheotomy. She presented to us in 2005, and we 
performed a near-total resection of the cricoid car-
tilage, including the facets of both cricoarytenoid 
joints. The arytenoid cartilages were sutured togeth-
er to facilitate voice and prevent aspiration, and the 
trachea was advanced for closure. The patient has 
been free of disease for more than 6 years and re-
mains functionally unchanged since her presenta-
tion to us.

DISCUSSION

Chondrosarcoma of the cricoid cartilage is typi-
cally a slow-growing, locally confined neoplasm 
that usually does not require total laryngectomy as 
an initial management strategy. Relative indications 
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A,B) Preoperative and C,D) postoperative findings in patient with large grade 1 chondrosarcoma of cri-
coid cartilage. Dashed line — inferior arcuate line; asterisks — undersurface of vocal folds. A) Endoscopic 
view. Submucosal tumor has displaced cricoarytenoid joint in cephalad direction and can be seen encroach-
ing into subglottic airway. B) Computed tomographic scan. Intraluminal and extraluminal extent of disease 
can be seen. C) Endoscopic view. Trachea has been advanced into subglottis to reconstruct subglottic carti-
laginous defect. Note tracheal rings under vocal fold. D) Computed tomographic scan. Note restoration of 
subglottic airway caliber and contouring.



for initial total laryngectomy include a high-grade or 
dedifferentiated pathology, extremely large size, and 
underlying impaired aerodigestive tract dysfunction 
that predisposes the patient to aspiration (eg, prior 
stroke), which would contraindicate TPL.

The AFIP study by Thompson and Gannon1 is the 
key investigation supporting the philosophy that to-
tal laryngectomy should not be used as the initial 
management for the great majority of laryngeal 
chon drosarcomas.

The voice-preserving surgeries allow for an improved 
quality of life and for a morbidity-free survival for up 
to 30 years from the time of original diagnosis. This ap-
proach does not impact the long-term patient survival ei-
ther in this series or the reported literature. Thus, a pa-
tient can benefit from extra years of (partial) laryngeal 
function until a salvage surgery may become necessary 
with the development of a recurrence.1(p849) 

The AFIP report1 is overwhelmingly the largest 
investigation (111 cases) in the literature, because 
there were contributions to this analysis from around 
the world. Ninety-eight were from civilian sources, 
including foreign countries, 9 from the Veterans Ad-
ministration, and 4 from military hospitals. These 
disparate sources of cases from many locations in-
herently lacked a consistent management philoso-
phy. Consequently, this report highlighted the fact 
that 33% (37 of 111) underwent total laryngectomy 
as the initial treatment despite the fact that the au-
thors’ recommendation would typically be conser-
vation function-sparing surgery for grade 1 and 2 
tumors, which comprised 95% of their cohort (105 
of 111).1 It is likely that the 6 high-grade and dedif-
ferentiated tumors would be deemed to require total 
laryngectomy by most clinicians.1,8

Alternatively stated, as many as 30% of patients 
undergo total laryngectomy as the initial treatment 
for cricoid chondrosarcoma when it may not have 
been necessary, because local recurrence associat-
ed with TPL does not alter the patient survival rate. 
This feature is in sharp contrast to epithelial cancer 
of the larynx. The omnitemporal concern of narrow-
ing margins during partial laryngectomy for laryn-
geal carcinoma is that by the time recurrence is de-
tected, there has been intercurrent disease for some 
period of time, which allows for regional and dis-
tant metastasis. There is also diminished enthusiasm 
for TPL, as skill sets are waning commensurate with 
the nationwide trend toward substantially increased 
use of radiotherapy and chemotherapy for squamous 
cell carcinoma.9 

Given the well-established biological behavior of 
most cricoid chondrosarcomas, the overarching goal 
of this review is to report larynx preservation and 
voice preservation strategies for treating these rare 

neoplasms. In this series, it is remarkable that none 
of the 8 patients whom we surgically treated has on-
going disease and none has ever had metastasis. No 
patient required total laryngectomy, despite the fact 
that the majority had impaired mobility of one cri-
coarytenoid joint. All of the patients have normal 
swallowing function, and all have adequate vocal 
function commensurate with the size of the tumor 
that was resected. 

Seven of the 8 patients have adequate airways that 
do not require ongoing management. As described 
above, the other patient has had a planned permanent 
tracheotomy since her resection in 2005 because she 
developed airway distress from a 2.5-cm recurrence 
(grade 2) involving both cricoarytenoid joints with 
intraluminal subglottic airway obstruction. She un-
derwent a near-total cricoid resection and has been 
free of disease for more than 6 years. 

The surgical experience herein, combined with 
the oncological experience of the AFIP study,1 pro-
vides for a logistical management approach. If both 
cricoarytenoid joints are unaffected by a low-grade 
tumor (as in 2 of the 8 patients described herein), mi-
crolaryngoscopic removal should be considered first. 
This requires adequate endoscopic exposure,10,11 
which may be difficult to achieve in the inferoposte-
rolateral subglottis under the cricoarytenoid joint. In 
contrast, if the mobility of both cricoarytenoid joints 
is impaired (as in 1 of the 8 patients), the patient will 
likely require a transcervical subtotal cricoid resec-
tion and permanent tracheotomy if the tumor is re-
moved. 

If the tumor has impaired the mobility of one cri-
coarytenoid joint (as in 5 of the 8 patients), the pa-
tient is likely to require laryngofissure and TPL. An 
adequate airway caliber (successful decannulation) 
was achieved in all 5 patients treated with TPL de-
spite the need to reconstruct significant cricoid cir-
cumference and the retention of only one mobile cri-
coarytenoid joint. Defects caused by tumors that are 
less than 25% of the circumference of the cricoid 
cartilage (as in 2 of the 5 patients) can be recon-
structed with a local soft-tissue free graft to dimin-
ish early postoperative subcutaneous emphysema. 
These wounds typically heal by means of secondary 
epithelialization, similar to those after endoscopic 
resection. Larger cricoid cartilage defects (greater 
than 25% of the circumference) will likely require 
tracheal advancement or use of an aortic homograft 
to maintain an adequate postoperative airway cali-
ber (as in 3 of the 8 patients).

CONCLUSIONS

Chondrosarcoma of the cricoid cartilage is a rare 
neoplasm that has been well demonstrated to have 
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a unique and remarkably indolent biological course 
for a laryngeal cancer, especially with regard to the 
exceptionally rare incidence of metastasis. Total lar-
yngectomy can therefore usually be avoided while 

preserving the airway, voice, and swallowing func-
tion. This is done by carefully modifying the core 
principles of endoscopic and open epithelial cancer 
surgery techniques. 
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Recurrent Posttransplant Lymphoproliferative Disorder Involving 
the Larynx and Trachea: Case Report and Review of the Literature

Caroline A. Banks, MD; Jeremy D. Meier, MD;
Christina R. Stallworth, MD; David R. White, MD

Objectives: Posttransplant lymphoproliferative disorder (PTLD) is a well-recognized complication of solid organ trans-
plantation and commonly affects upper airway lymphoid tissue. Tracheal and laryngeal involvement in patients with 
PTLD, however, is rare. We present one such case.

Methods: We report the case of a patient with recurrent PTLD involving the larynx and trachea and describe the presen-
tation, evaluation, management, and outcome.

Results: An 11-year-old boy who underwent bilateral nephrectomy and renal transplantation as an infant was admitted to 
the hospital with chronic cough, fever, stridor, and dyspnea. His post-transplantation course was complicated by PTLD 
in cervical lymph nodes at 9 years of age that was successfully treated with chemotherapy. A computed tomographic scan 
during his present admission revealed supraglottic swelling, a distal tracheal mass, and paratracheal lymph node enlarge-
ment. The patient underwent laryngoscopy and bronchoscopy with biopsy specimens taken from the right laryngeal ven-
tricle and distal trachea. Pathologic examination yielded a diagnosis of Epstein-Barr virus–positive PTLD. The patient 
was treated with chemotherapy, which resulted in resolution of the airway lesions, as seen on repeat bronchoscopy.

Conclusions: This is the first report, to our knowledge, of recurrent PTLD involving simultaneous lesions in the larynx 
and the trachea. PTLD in the head and neck can present as lymphoid hypertrophy, airway obstruction, stridor, or cough. 
A high degree of clinical suspicion is essential for prompt diagnosis of this life-threatening complication.

Key Words: Epstein-Barr virus, lymphoproliferative disorder, stridor, transplantation.
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INTRODUCTION

Posttransplant lymphoproliferative disorder (PTLD) 
represents a heterogeneous group of diseases that 
occur in immunocompromised patients after sol-
id organ or bone marrow transplantation. PTLD is 
characterized by a spectrum of abnormal B-lym-
phocyte proliferation and is strongly associated 
with Epstein-Barr virus (EBV) infection. The inci-
dence varies widely according to the patient’s age, 
the transplanted organ, and the degree of immuno-
suppression.1-4 PTLD can affect any organ system 
throughout the body. Frequently, patients will pre-
sent with head and neck symptoms, including up-
per airway obstruction and tonsillar hypertrophy.5 
Less commonly, PTLD can affect the oral cavity, 
larynx, or trachea. We present an unusual case of 
recurrent PTLD with concurrent involvement of the 
supraglottic larynx and trachea; the main presenting 
symptom was chronic cough.

CASE REPORT

An 11-year-old boy was admitted to the hospital 

for worsening cough, stridor, shortness of breath, 
and fever. He had a history of congenital nephrot-
ic syndrome with bilateral nephrectomy, and he had 
undergone a living-related kidney transplant at 10 
months of age. At 9 years of age, the patient pre-
sented with cervical lymphadenopathy that was not 
responsive to antibiotics. After several months of 
observation, the patient underwent an excisional 
lymph node biopsy by the pediatric surgery team. 
The pathologic examination confirmed the diagno-
sis of PTLD. A postoperative positron emission to-
mographic (PET)–computed tomographic (CT) scan 
revealed hypermetabolic cervical lymph nodes at 
levels III and V; the largest measured 1.4 cm. There 
was no evidence of mediastinal lymph nodes or oth-
er hypermetabolic lesions. The patient was treated 
with 6 cycles of cyclophosphamide and rituximab. 
He was followed with routine imaging and EBV 
titers. His most recent PET-CT scan and whole-
body CT scan, obtained 7 months before admission, 
showed no evidence of recurrent disease. His outpa-
tient medications included tacrolimus, prednisone, 
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Fig 1. Radiologic images before treat-
ment. A) Contrast-enhanced axial com-
puted tomographic scan shows right 
paratracheal mass (arrow) with inva-
sion into distal trachea. B) Contrast-
enhanced axial positron emission to-
mographic computed tomographic scan 
shows right paratracheal mass with in-
creased metabolic activity.

and acyclovir.

The patient presented to the hospital after 2 
months of productive cough and wheezing. He also 
complained of fatigue, fever, occasional shortness 
of breath, and intermittent chest pain. On physical 
examination, he had mild biphasic stridor at rest and 
prolonged expiration with peripheral wheezes. His 
breath sounds were coarse bilaterally, but he was 
breathing comfortably without retractions. Flexible 
nasopharyngeal fiberoptic examination was limited 
by poor patient tolerance, but revealed a normal-
appearing supraglottis and bilateral true vocal fold 
mobility. The chest radiograph findings were un-
changed, and the results of his laboratory tests were 
significant for rhinovirus or enterovirus positivity, 
mycoplasma immunoglobulin G positivity, a white 
blood cell count of 16,000, and EBV positivity on 
polymerase chain reaction. The patient was treat-
ed with intravenous steroids, antibiotics, and nebu-
lized medications with minimal improvement of his 
symptoms.

During his hospital course, the patient had sev-
eral episodes of desaturation and required oxygen 
via a nasal cannula. On hospital day 6, a contrast-
enhanced CT scan of the chest was obtained because 
of the persistent symptoms. The CT scan raised con-
cern because of a new, 1-cm right paratracheal mass 
with apparent invasion into the distal trachea (Fig 
1A). The patient underwent direct laryngoscopy and 

rigid bronchoscopy, and biopsy specimens were col-
lected. Findings included edematous soft tissue full-
ness of the right laryngeal ventricle (Fig 2A) and 
a submucosal mass obstructing 80% of the distal 
trachea (Fig 2B). Biopsy specimens were collected 
from the laryngeal and tracheal lesions, and the tra-
cheal lesion was debulked with cup forceps to im-
prove the patient’s airway. The procedure was un-
complicated, and hemostasis was easily achieved 
with oxymetazoline hydrochloride–soaked pledgets. 
After the procedure, the patient’s condition was sta-
ble, and he had no bleeding or respiratory issues.

A PET-CT scan performed 5 days later showed 
increased metabolic activity of the larynx, trachea, 
and paratracheal lymph nodes (Fig 1B). The results 
of the pathologic examination confirmed the suspi-
cion of recurrent PTLD and revealed EBV-positive 
B-cell proliferation of the supraglottis and right dis-
tal trachea (Fig 3).

The patient was transferred to the pediatric hema-
tology-oncology service, where he began treatment 
with cyclophosphamide, rituximab, prednisone, and 
intravenous immunoglobulin. Tacrolimus dosing was 
also decreased to 0.5 mg twice a day. The patient 
was discharged home in stable condition on hospital 
day 16. After 2 cycles of chemotherapy, he under-
went repeat laryngoscopy and bronchoscopy, which 
revealed no evidence of a residual laryngeal or tra-
cheal mass (Fig 2C,D). A repeat PET-CT scan at 6 
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months revealed no hypermetabolic activity in the 
neck or chest. The patient continues to have close 
outpatient follow-up and denies cough or dyspnea.

DISCUSSION

PTLD is a life-threatening complication of long-
term immunosuppression and represents the most 
common form of malignancy in the pediatric post-
transplant population.6 Children are more likely to 
develop PTLD; studies report a threefold greater in-
cidence of PTLD among pediatric transplant patients 
than in adults.7 The incidence of PTLD is highly vari-
able, ranging from 1% to 20%, depending on the age 
of the patient, the type of allograft, and the amount 
of immunosuppression. In general, there is a lower 
incidence of PTLD in kidney transplant recipients 
(reportedly 1% to 8%) and a higher incidence after 
lung, heart, and intestinal transplantation.2,3,8,9

The World Health Organization classifies the his-
topathologic characteristics of PTLD into three cat-
egories of lymphoproliferation: hyperplastic, poly-
morphic, and monomorphic.10 The least severe cat-
egory includes early lesions that exhibit plasma cell 
hyperplasia or an infectious mononucleosis pattern. 
Polymorphic PTLD is subdivided into polyclonal 
and monoclonal forms and is characterized by de-
struction of the nodal architecture and local invasion 

of organ structure. The most severe category along 
the histologic spectrum is monomorphic disease, 
which is classified as malignant lymphoma.

PTLD can involve lymph nodes or extranodal tis-
sue at any site, and frequently occurs in the brain, 
abdomen, thorax, or head and neck or in an allograft 
organ.5,8 For this reason, PTLD has a variety of pre-
sentations, depending on the affected organ. Head 
and neck symptoms are common in patients with 
PTLD, and as many as 86% of pediatric patients 
will present with otolaryngological complaints.5,11 
Many patients will develop nonspecific symptoms 
of fever, malaise, oropharyngeal discomfort, and 
lymphadenopathy that resemble those of infectious 
mononucleosis. Sculerati and Arriaga5 found that 
the most common symptom of PTLD in children is 
upper airway obstruction, and 71% of the children 
with a diagnosis of PTLD in their series presented 
with fever, dysphagia, odynophagia, and oropharyn-
geal lymphoid hypertrophy on examination.

Although most head and neck symptoms of PTLD 
are caused by oropharyngeal lymphoid hypertrophy, 
there are reports of the occurrence of PTLD in oth-
er primary head and neck sites. Oral cavity PTLD 
may present as gingival ulceration or swelling.12,13 
Rarely, PTLD will involve the tongue in the form 
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Fig 2. Bronchoscopic images. 
A,B) Before treatment. C,D) Af-
ter treatment. A) Image of glot-
tis and supraglottis shows edema 
and soft tissue fullness of right 
laryngeal ventricle. B) Image of 
trachea with right submucosal 
mass and partial obstruction of 
lumen. C) Image of glottis and 
supraglottis. D) Image of trachea 
shows resolution of mass.
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of oral ulcers or exophytic lesions.14 PTLD can also 
affect the supraglottis, glottis, and subglottis, and 
there are several case reports that describe stridor or 
other symptoms of upper airway obstruction associ-
ated with laryngeal involvement.15-18 Rosbe et al19 
described a case of a 2-year-old girl who presented 
with noisy breathing and a muffled voice. She was 
found to have a markedly thickened, nonerythema-
tous epiglottis. The patient’s laryngeal biopsy was 
nondiagnostic, and the final tissue diagnosis was ob-
tained from adenotonsillectomy.19

PTLD lesions of the trachea, which were found 
in our case, are uncommon. Sculerati and Arriaga5 
described a child who presented with biphasic stri-
dor, was found to have an intratracheal mass, and 
died after treatment. Another patient in their series 
of 12 children had a paratracheal mass presenting as 
chronic cough.5

Sporadic cases of PTLD of the trachea may be 
caused by direct invasion of mediastinal lymph 
nodes, as was the case with our patient. The larynx 

is an unusual site for PTLD, and we are unsure why 
the disease occasionally affects this location. To our 
knowledge, ours is the first case report of recurrent 
PTLD involving both the larynx and the trachea.

The diagnosis of PTLD begins with a high degree 
of clinical suspicion for the disease. Tissue biopsy 
is required for definitive diagnosis, and excisional 
biopsy is preferred. EBV analysis is also useful to 
confirm the diagnosis, as most lesions are EBV-pos-
itive. The pathologist involved in the present case 
diagnosed the airway lesion without difficulty. The 
patient’s history of PTLD, combined with the ab-
normal presence of lymphoid aggregates in the air-
way specimen, was key to the diagnosis. The use of 
immunohistochemical analysis and flow cytometry 
helped to distinguish PTLD from lymphoma, which 
was also considered in the differential diagnosis.

Once the diagnosis of PTLD is made, there are 
several treatment options. The primary treatment in-
cludes a reduction of immunosuppression. More se-
vere cases require additional therapy, including an-
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Fig 3. Histologic (H & E) sections of A,B) distal tracheal mass and C,D) false vocal folds show diffuse infiltrative proliferation 
of heterogeneous and intermediate-size lymphoid cells. A) Original ×40. B) Original ×10. C) Original ×10. Epstein-Barr virus–
encoded small RNA in situ hybridization of infiltrate shows numerous positive nuclei. D) Original ×10.
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tiviral medication, chemotherapy, immunotherapy, 
and/or surgical resection.20 Our patient was treat-
ed with a reduction of immunosuppression in addi-
tion to chemotherapy and immunotherapy targeted 
at B-cell proliferation. The patient experienced a 
rapid resolution of symptoms. His repeat PET-CT 
scan, obtained 6 months after diagnosis, showed no 
evidence of disease. On his most recent follow-up 
appointment, the patient continued to do well, and 
denied symptoms of cough, stridor, or shortness of 
breath.

CONCLUSIONS

We present the first report, to our knowledge, of 
recurrent PTLD involving both the larynx and the 
trachea. PTLD commonly affects the head and neck 
and may present as lymphoid hypertrophy, airway 
obstruction, stridor, or chronic cough, depending on 
the site of involvement. Although tracheal lesions 
are rare in patients with PTLD, a high degree of 
clinical suspicion is essential for prompt diagnosis 
of this life-threatening complication.



Management of Plastic Bronchitis in a Child With Mild
Intermittent Asthma

Sachin S. Pawar, MD; Robert H. Chun, MD; Aparna R. Rao, MD; Joseph E. Kerschner, MD 

Objectives: We describe the clinical presentation of a 7½-year-old boy with a history of mild intermittent asthma who 
presented with left lung collapse and was found to have plastic bronchitis.

Methods: We reviewed the patient chart and imaging results and performed a literature review of plastic bronchitis and 
its management.

Results: Bronchoscopy in our patient demonstrated a large white, friable, cast-like material that obstructed the entire left 
main stem bronchus and could not be easily suctioned. The cast was removed in a piecemeal fashion by means of serial 
rigid bronchoscopy over a 6-month period with use of both optical forceps and flexible suction catheters. Microscopic 
examination of the cast-like material showed a predominance of eosinophils along with neutrophils encased in proteina-
ceous material.

Conclusions: Plastic bronchitis in children is a rare condition that can mimic foreign body aspiration and can be associ-
ated with underlying pulmonary inflammatory disorders or cardiovascular disease. Aggressive bronchoscopic manage-
ment of the airway obstruction and medical management of the underlying disease process are important for the success-
ful treatment of plastic bronchitis. 

Key Words: asthma, bronchitis, endoscopy. 
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INTRODUCTION 

Plastic bronchitis in children is a rare condition 
that can mimic foreign body aspiration and can be 
associated with underlying pulmonary inflammato-
ry disorders or cardiovascular disease. We present 
the case of a child with plastic bronchitis of the left 
lower lobe that required serial rigid bronchoscopy to 
remove the bronchial cast. 

CASE REPORT 

A 7½-year-old boy with mild intermittent asth-
ma presented to Children’s Hospital of Wisconsin 
with a 3-week history of sharp chest pain, cough, 
and shortness of breath. He had been treated for 
left-sided pneumonia by his primary physician be-
fore admission. Because of persistent symptoms and 
a chest radiograph that demonstrated left lung col-
lapse (Fig 1), he was admitted for intravenous anti-
biotics and was taken to the operating room for fur-
ther airway evaluation. 

Flexible bronchoscopy demonstrated a large 
white, friable, cast-like material that obstructed the 
entire left main stem bronchus and could not be eas-

Fig 1. Radiograph of chest taken on admission shows left 
lobe collapse.

ily suctioned. By means of rigid bronchoscopy and 
optical forceps, the cast was removed in a piece-
meal fashion from the left main bronchus and the 
upper, middle, and lower bronchioles (Figs 2 and 3). 
The airway was managed with a ventilating bron-



Fig 4. Radiograph of chest taken after bronchoscopy 
shows improved aeration of left lung. 
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Fig 2. Bronchoscopic view of bronchial cast being 
grasped by optical forceps.

Fig 3. Bronchial cast material removed during initial rig-
id bronchoscopy.

choscope. The initial debridement took more than 1 
hour to complete, and residual cast remained in the 
extreme distal airway. Histologic analysis of the cast 
showed a predominance of eosinophils along with 
neutrophils encased in proteinaceous material. 

A repeat chest radiograph performed after the ini-
tial bronchoscopy showed significantly improved 
aeration of the left lung (Fig 4). The patient under-
went repeat flexible and rigid bronchoscopy 3 days 
after the initial procedure, and additional cast was 
removed from the anterior segment of the left lower 
lobe by use of a combination of optical forceps and 
flexible suction catheters. The repeat bronchosco-
py took approximately 2 hours to complete, but the 
cast could not be removed in its entirety because of 
bleeding from inflammation and distal disease. 

The patient was subsequently discharged with ag-
gressive airway clearance measures including neb-
ulized 3% hypertonic saline solution, azithromycin 
225 mg daily, fluticasone propionate 110 μg twice 
daily, vest therapy twice daily, and albuterol sul-
fate as needed. Over the next 6 months, he under-
went rigid bronchoscopy 7 more times, every 4 to 6 
weeks, with removal of additional cast from the left 
subsegmental bronchi. During each of the last 4 pro-
cedures, dornase alfa (DNase) 2.5 mL (1 mg/mL) 
was administered topically into the distal airway 
via a bronchoscopic catheter to help break down re-
sidual cast or after all visible cast was removed. At 
the last bronchoscopy, no further bronchial cast was 
seen.

DISCUSSION 

Plastic bronchitis is associated with a variety of 
conditions, including inflammatory pulmonary dis-
ease, cardiovascular disease, lymphatic disorders, 
and sickle cell disease.1-3 In general, two categories 
of casts have been described based on histologic 
findings.4 Type I casts are inflammatory casts found 
in association with asthma or other inflammatory 
bronchial diseases, and type II casts are acellular 
casts seen in cardiac disease. The histologic find-
ings in this patient were suggestive of a type I cast, 
consistent with his underlying diagnosis of asthma. 

Acute management of plastic bronchitis requires 
aggressive mechanical airway clearance, and often 
necessitates bronchoscopy in addition to other ad-
junctive measures. In comparison to mucus plugs, 
casts associated with plastic bronchitis are more te-
nacious and friable. Because of limitations of flex-
ible bronchoscopy, a combination of rigid bronchos-



copy with endoscopic optical forceps and a variety 
of suction catheters may be necessary to effectively 
remove the cast. Additionally, airway management 
requires a multidisciplinary approach involving an-
esthesia, pulmonary, and otolaryngology personnel. 
Flexible bronchoscopy by a pulmonologist is use-
ful for dynamic assessment of the lower airway, al-
lows for assessment of the extent of cast disease in 
the distal segmental bronchi, and guides the removal 
of disease by rigid bronchoscopy, which is typical-
ly performed by an otolaryngologist. As for surgi-
cal treatment, thoracic duct ligation has been used in 
cases of plastic bronchitis following a Fontan opera-
tion5; however, Nayar et al6 reported that this may 
not improve cast bronchitis because of the multiple 
factors that cause cast formation. 

In addition to bronchoscopy and treatment of the 
underlying disease process, adjuvant medical air-

way clearance measures may include vest therapy, 
inhaled steroids, dornase alfa, macrolide therapy, 
mucolytic agents, and antifibrin medications.1,7,8 

Schultz and Oermann7 discussed the use of low-
dose azithromycin 3 times weekly to complement 
surgical treatment. Use of inhaled tissue plasmino-
gen activator (5 to 12 mg, spaced every 1 to 2 hours) 
for acute obstructive episodes was reported by Do 
et al.9 Mucolytic agents and inhaled or systemic ste-
roids are also used, dosed at pediatric concentra-
tions.

CONCLUSIONS 

Management of plastic bronchitis can be quite 
challenging and often requires an interdisciplinary 
approach. Aggressive bronchoscopic management 
of the airway obstruction and medical management 
of the underlying disease process are essential for 
successful treatment. 
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Dysphonia Associated With Lingual Thyroid Gland and
Hypothyroidism: Improvement After Lingual Thyroidectomy

Diana Orbelo, PhD; Dale C. Ekbom, MD; Dana M. Thompson, MD, MS

We present a unique and medically complex case of improved voice after lingual thyroidectomy. A 10-year-old boy with 
multifactorial dysphonia presented with bilateral vocal fold lesions and sulci in the context of hypothyroidism as a result 
of a congenital lingual thyroid gland. Despite hormone replacement, medical treatment for asthma, allergy, cough, and 
possible reflux, as well as voice therapy, the dysphonia persisted. Significant improvement in both subjective and objec-
tive voice measures was achieved after surgical removal of the lingual thyroid gland, which allowed for maintenance of 
a consistent euthyroid state. Lingual thyroidectomy is typically reserved for cases of bleeding and dysphagia. This case 
supports dysphonia as a possible additional indication for lingual thyroidectomy.

Key Words: dysphonia, euthyroid state, hoarseness, hypothyroid state, lingual thyroid gland.
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INTRODUCTION 

A lingual thyroid gland is a developmental anom-
aly that may present with symptoms of dysphagia, 
dyspnea, or hemorrhage, but is more commonly 
asymp tomatic and found on routine examination.1,2 
The normally developed thyroid gland forms from 
the endoderm between the first and second pharyn-
geal pouches along the ventral wall of the pharynx. It 
descends, starting at the foramen cecum in the base 
of the tongue, downward to its usual location in the 
central neck.1 A lingual thyroid gland occurs when 
this embryological pathway is disrupted. Of patients 
who are found to have a lingual thyroid gland, be-
tween two thirds and three quarters have no other 
functional thyroid tissue, and approximately 70% 
have intermittent hypothyroidism.2 

The majority of cases are asymptomatic, and the 
lingual thyroid gland is found on routine examina-
tion.2 When it is symptomatic, the most common 
complaints are dysphagia, dysphonia, and dyspnea.1 
Surgical excision is primarily undertaken in cases 
of airway obstruction and severe hemorrhage.3 We 
are aware of only one recent case study citing dys-
phonia, along with intermittent dysphagia, that was 
treated with surgical excision.4 In that case study, 
there was neither mention of possible coexisting vo-
cal disease linking the lingual thyroid gland to the 
dysphonia nor report of the voice outcome after sur-
gery.

In the following case report, we describe a patient 
with intermittent hypothyroidism as a result of a lin-
gual thyroid gland and accompanying multifacto-
rial dysphonia without symptoms of dysphagia or 
airway obstruction who demonstrated an improved 
voice after surgical excision of a lingual thyroid 
gland. Potential relationships between dysphonia 
and a lingual thyroid gland with intermittent hypo-
thyroidism and myxedema are discussed.

CASE REPORT 

A 10-year-old boy was referred to our institu-
tion for further evaluation of chronic hoarseness. 
Hoarseness was first noted when he began to speak 
at about 2 years of age. He had no history of laryn-
geal trauma, intubation, airway instrumentation, vo-
cal abuse, or head and neck injury. He had an ad-
ditional medical history of exercise-induced asthma 
with cough, environmental allergies with postnasal 
drainage, and recurrent croup-like illnesses, which 
were all factors to which his hoarseness had been 
attributed. The hoarseness did not improve despite 
prior interventions including allergy therapy and 
asthma control with montelukast sodium, flutica-
sone propionate–salmeterol xinafoate, and albuterol 
sulfate. His referring providers had also empirical-
ly treated him with ranitidine hydrochloride for la-
ryngopharyngeal reflux, but no subjective improve-
ment in his voice was noted. His referring providers 
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Fig 1. Nasoendoscopic view. A — lingual thyroid gland; 
B — epiglottis; C — posterior pharyngeal wall cob-
blestoning.

Fig 2. Nasoendoscopic view of vocal folds.

also referred him to a speech-language pathologist, 
but therapy was not recommended at that time. 

The patient had a history of congenital hypothy-
roidism diagnosed by neonatal screening, and the 
lingual thyroid gland was diagnosed shortly after 
that. At the time of the patient’s presentation to our 
institution, he was taking levothyroxine sodium as 
an exogenous thyroid hormone replacement therapy; 
however, he had experienced multiple fluctuations to 
a hypothyroid state and was thought to be “outgrow-
ing” his dose. The symptom he experienced that co-
incided with an elevated level of thyroid-stimulating 
hormone and a hypothyroid state was a sensation of 
a “lump” in his throat. The patient and his referring 
providers attributed the intermittent sensation to the 
fluctuating size of the lingual thyroid lesion. An in-
crease in the patient’s exogenous thyroid hormone 
dose was required to reestablish a euthyroid state; 
this also resulted in subjective improvement in the 
“lump” sensation. Other than hoarseness, the patient 
had no other symptoms typical of hypothyroidism 
or hyperthyroidism. Globus sensation and hoarse-
ness were his only symptoms typical of a lingual 
thyroid gland. He had no airway obstruction, dys-
phagia, or bleeding. 

A neck examination did not reveal any palpable 
thyroid gland in the usual location. Nasopharyngos-
copy showed hyperemic nasal mucosa, an enlarged 
adenoid pad with mucoid secretions, a lingual thy-
roid gland located at the base of the tongue in the 
midline abutting the epiglottis, and a posterior wall 

cobblestoning effect (Fig 1). In addition, the larynx 
showed posterior glottal edematous changes with 
erythema and effacement of the laryngeal ventricles 
and nodular, broad-based fullness of the true vocal 
folds, with bilateral myxedematous changes and sul-
ci (Fig 2). Videostrobolaryngoscopy demonstrated a 
reduced amplitude of vocal fold vibration and di-
minished mucosal waves. 

On the basis of the presentation and examination 
findings, medical intervention was recommended. 
Fluticasone propionate, 2 puffs in each nostril daily, 
was added to manage the intranasal findings. Given 
findings consistent with the criteria for laryngopha-
ryngeal reflux established by Belafsky et al,5 em-
piric acid suppression therapy was expanded to in-
clude omeprazole 20 mg twice per day and raniti-
dine hydrochloride 150 mg at bedtime for a 6-month 
trial. Voice therapy was recommended; for logistical 
reasons, it was undertaken with the patient’s school-
based speech-language pathologist rather than at our 
institution. The patient received therapy once per 
week for 6 months. According to the patient, ther-
apy included breathing exercises, recommendations 
to increase hydration, and behavioral voice restric-
tions. The voice therapy described is most consis-
tent with the “indirect” therapy that is traditionally 
used in school settings.6 

At his 6-month follow-up visit, the patient’s voice 
remained hoarse, with no improvement despite med-
ical intervention and voice therapy. Nasopharyngos-
copy showed that the nasal mucosa was less hyper-
emic and that the posterior wall cobblestoning had 
improved, but the adenoid pad size persisted. The 



larynx showed less edema and erythema, but nodu-
lar broad-based fullness and bilateral sulci remained. 
Videostrobolaryngoscopy again revealed vocal fold 
stiffness and minimal mucosal waves. During the 
time since his last visit, the patient had again expe-
rienced a feeling of thyroid gland enlargement that 
correlated with an increase in the thyroid-stimulat-
ing hormone level and a hypothyroid state. An in-
creased dose of levothyroxine resulted in reduced 
sensation of the lingual thyroid gland, but the voice 
did not improve. 

Given the persistent nature of the voice symptoms 
and the failure of all efforts to minimize inflamma-
tory triggers of the upper airway and larynx, ade-

noidectomy was recommended to minimize postna-
sal drainage irritation to the larynx. Lingual thyroi-
dectomy was recommended with two goals in mind; 
1) to remove a potential sensory trigger thought to 
be the cause of persistent throat-clearing behavior, 
and 2) to achieve a consistent euthyroid state for 
better management with replacement therapy with-
out the gland. It was expected that maintaining a 
euthyroid state might improve the voice by reduc-
ing intermittent myxedema. As there were no symp-
toms of dysphagia, bleeding, or airway obstruction, 
an extensive risk-benefit discussion was held with 
the parents, and informed consent was obtained to 
proceed with surgery. A computed tomography scan 
was obtained for surgical planning. At the time of 
the scan, the lesion measured 1.8 × 1.0 cm. As seen 
in Fig 3, the location of the lesion was amenable to 
a transoral approach. 

Hypopharyngoscopy performed with the patient 
under general anesthesia and spontaneously breath-
ing confirmed the presence of a lingual thyroid 
mass located in the midline of the tongue base. As 
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Fig 3. Computed tomographic scan of lingual thyroid 
gland. 

Fig 4. Intraoperative image of lingual thyroid gland visu-
alized at midline of tongue base. 

A B

Fig 5. Intraoperative view of true vocal folds with broad-based nodular fullness and sulcus. A) 0° view. Arrow indicates 
sulcus. B) 70° view.



seen in Fig 4, suspension microdirect laryngoscopy 
confirmed the previously described lingual thyroid 
gland. Inspection and palpation of the true vocal 
folds revealed broad-based fullness and both firm 
and more-pliable edematous areas along the margins 
(Fig 5). Sulcus vocalis was found running through 
the lesions. Because of the patient’s age and known 
intermittent hypothyroid state, it was decided not 
to perform excision of the true vocal fold lesions at 
that time. 

The airway was secured with a laser-safe endo-
tracheal tube. By means of a Benjamin-Lindholm 
laryn goscope, the lingual thyroid gland was careful-
ly excised with a carbon dioxide laser at 4 W con-
tinuous superpulse. The results of the pathologic 
analysis were consistent with benign ectopic thyroid 
tissue surrounded by minor salivary glands. Analy-
sis of deep biopsy specimens confirmed no evidence 
of residual thyroid tissue. Adenoidectomy was per-
formed with a suction cautery technique. The patient 
recovered without complications. He was followed 
up by his endocrinologologist, who reported greater 
ease in maintaining a euthyroid state with thyroid 
replacement hormone after the lingual thyroid gland 
was removed. He was weaned from all acid suppres-
sion medication over the course of 6 months.

The patient returned for postoperative visits at 6 
weeks, 4.5 months, and 12 months. Results of the 
Pediatric Voice-Related Quality-of-Life survey from 
the preoperative visit and the 6-week and 1-year 
visits are shown in Table 1. The total scores were 
significantly improved at the 6-week visit and re-
mained stable at 1 year. Audio samples of sustained 
/i/ were extracted from the nasopharyngoscopic ex-
aminations from the initial, preoperative, 6-week, 
and 1-year visits. The digitized audio samples were 

analyzed with the Multi Dimensional Voice Program 
(KayPENTAX, Lincoln Park, New Jersey). As seen 
in Table 2, the average fundamental frequency for 
sustained /i/ increased to a level more consistent with 
the patient’s age, and all frequency-based measures 
demonstrated improvement from the preoperative to 
the postoperative visits. At 6 weeks, nasopharyngos-
copy showed a clear vallecular space with a normal 
epiglottis. Videostrobolaryngoscopy showed im-
provement of the true vocal fold vibration, includ-
ing the emergence of mucosal waves. There was a 
reduction in the vocal fold edema and a reduced size 
and stiffness of the vocal fold lesions (Fig 6). The 
bilateral vocal fold sulci were less prominent, and 
the mucosal waves increased. Improvements noted 
on nasopharyngoscopy and videostrobolaryngos-
copy remained stable at 1 year. The patient and his 
family were pleased with his voice and felt that their 
goals had been met.

DISCUSSION 

Voice change has long been listed as one possible 
symptom associated with a lingual thyroid gland.1,7 
In the case of our patient, we hypothesize that vo-
cal fold changes were the result of intermittent myx-
edema and phonotrauma resulting in repeated injury, 
with resultant sulcus vocalis. In addition to the con-
tribution of intermittent hypothyroidism with asso-
ciated myxedema to his vocal fold disorder, we also 
suspect that the intermittent sensation of an enlarged 
lingual thyroid gland that coincided with near-con-
stant throat-clearing behavior also contributed to 
phonotrauma. The fluctuating size of the lingual 
thyroid gland seemed to be a factor in the patient’s 
symptoms, but even at its smallest we suspect that 
the lingual thyroid gland had the potential to affect 
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TABLE 1. PEDIATRIC VOICE-RELATED QUALITY-OF- 
LIFE RESULTS BEFORE AND AFTER SURGERY 

 Total Physical Social-Emotional
 Score Function Function
Before surgery 72.5 62.5  87.5
6 weeks after surgery 95.0 91.7 100.0
1 year after surgery 92.5 87.5 100.0

TABLE 2. VOCAL MEASURES

 Average   Noise-to-
 Fundamental Jitter Shimmer Harmonics
Visit Frequency (Hz) (%) (%) Ratio

Initial visit 163 2.91 10.91 0.179
Before surgery 242 3.25  7.05 0.158
6 weeks after 215 2.64  3.89 0.133
 surgery
1 year after 237 1.74  4.25 0.136
 surgery

Fig 6. Nasoendoscopic view of vocal folds 6 weeks af-
ter surgery.



sensation and vocal behaviors. Additional factors 
that may have contributed to his dysphonia included 
symptoms of asthma, allergies, croup, cough, acid 
reflux, and postnasal drip. 

Given the multifactorial nature of our patient’s 
dysphonia, the initial treatment plan of medical man-
agement and behavioral voice therapy was appropri-
ate. Unfortunately, this conservative treatment and 
the passage of time only resulted in small improve-
ments in nasolaryngoscopic findings and acoustic 
findings for a sustained vowel. A disorder remained 
and was negatively affecting the patient’s quality of 
life. After surgery, our patient demonstrated signifi-
cant voice improvement and achieved a euthyroid 
state. These improvements were maintained at 12 
months.

We believe that the patient’s voice improvement 
was a result of multiple factors. Removal of the lin-
gual thyroid gland may have reversed the biome-
chanical factors associated with throat-clearing and 
also achieved a consistent euthyroid state, which 
might have diminished the myxedematous chang-
es of the larynx, thereby contributing to voice im-
provement. Adenoidectomy may have diminished 

some degree of postnasal drip, also contributing to 
reduced throat-clearing. The bilateral vocal fold 
sulci seen initially and confirmed but not addressed 
during surgery remained afterward. We suspect that 
their reduced prominence after surgery was likely 
due to an overall decrease in the myxedema at the 
true vocal fold level, resulting in less-distinct sulci 
and increased mucosal waves. 

Although our patient’s vocal disorder was unique 
and was more extensive than more-typical bilateral 
vocal fold nodules described in children, it is worth 
noting that the natural course of bilateral vocal fold 
lesions in children peaks between the ages of 5 and 
10 years,8 often with resolution during puberty.9 It 
is possible that advancing age may have also played 
a role in our patient’s voice improvement. Further 
work is needed to better understand the development 
and course of true vocal fold disorders in children. 

In summary, the findings of this unique case sug-
gest that dysphonia with hypothyroidism and myx-
edematous laryngeal findings may be an appropriate 
indication for lingual thyroidectomy, a surgery more 
commonly reserved for cases of airway obstruction 
and severe hemorrhage.
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Application of Natural Orifice Transluminal Endoscopic
Surgery (NOTES) Instrumentation to the Endolarynx

Melin Tan, MD; Neil Prufer, MD; Nina Chinosornvatana, MD;
Chan Park, MD; Peak Woo, MD

Objectives: RealHand instruments are high-dexterity instruments that have been designed for natural orifice translumi-
nal endoscopic surgery applications. They provide dexterity by offering a full range of motion to endoscopic instruments. 
We hypothesize that RealHand instruments will resolve some of the limitations encountered in traditional endolaryngeal 
surgery. They have the potential to do so in the following ways: 1) they negate the limitation of mobility of traditional 
laryngoscopy instrumentation, which is rigid and fixed; 2) they maintain the ability of direct visualization through a tele-
scope while precluding the need for an operating microscope; 3) they provide the dexterity to perform tasks that are oth-
erwise not possible with traditional instrumentation; and 4) they provide flexibility that can be advantageous in difficult 
foreign body retrieval from distal airways.

Methods: To test this hypothesis, we developed and optimized a cadaveric lamb larynx model for endolaryngeal micro-
surgery. To evaluate the feasibility of the RealHand instruments in their application to laryngeal surgery, we had 2 oto-
laryngology senior residents and 2 laryngology fellows-in-training perform 5 different endoscopic tasks: 1) foreign body 
removal; 2) arytenoidectomy; 3) microflap elevation; 4) cricopharyngeal myotomy; and 5) endoknot suture tying.

Results: Experience with RealHand instruments demonstrated that although they are limited in application to phonosur-
gery, they have the potential for more facile tissue manipulation in the supraglottic and hypopharyngeal structures. En-
doscopic suturing ability is enhanced.

Conclusions: RealHand high-dexterity instrumentation allows for full range-of-motion instrumentation and, with modi-
fication, has potential for wider application in endoscopic laryngeal surgery.

Key Words: endolarynx, endoscopic laryngeal surgery, laryngoscopy, NOTES.
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INTRODUCTION

Traditional microsurgery of the larynx is per-
formed via tube-shaped laryngoscopes, which offer 
direct visualization of the larynx. The current instru-
mentation is passed through the laryngoscopes and 
offers great facility for endoscopic laryngeal sur-
gery. However, the current instrumentation is limited 
by several technical aspects. The distance between 
the surgeon’s hand and the endolarynx necessitates 
long, rigid instruments that must pass through the 
tube of the laryngoscope and provide limited mobil-
ity at the working end of the instrument. Addition-
ally, translation of hand movement through long and 
rigid instruments is limiting for mounting sutures 
and complex tissue manipulation.

RealHand high-dexterity instrumentation (No-
vare Surgical, Cupertino, California) was designed 
and intended for natural orifice transluminal endo-
scopic surgery (NOTES), which, in recent years, has 

come to the forefront in the fields of general lap-
aroscopic, genitourinary, and gynecologic surgeries. 
They are full-range-of-motion handheld instruments 
designed to be used through a single access port into 
a body cavity. They are designed to mirror the sur-
geon’s hand, thereby offering dexterity and control 
via a full range of motion in the working end of en-
doscopic instruments with not only 70° of flexion, 
but also 360° of rotation with a single hand motion 
(Fig 1). They allow for motion of the operating hand 
to be translated directly to the working tip at the dis-
tal end.

The RealHand high-dexterity instruments, de-
signed for single-port surgery, may be applicable to 
endolaryngeal surgery, with the laryngoscope acting 
as the single port. The ability of these instruments 
to give both rotation and flexion to the working tip 
with a single, uncomplicated hand movement lends 
promising dexterity that is not available with our 
current instrumentation. We hypothesize that the ap-
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Fig 1. RealHand instrumentation 
allows for 70° of angulation in 
360° of rotation with direct trans-
lation of hand motion to working 
tip of instrument. (Reprinted with 
permission from Novare Surgi-
cal.) 

Fig 2. A) Endoscopic view of lamb larynx. B) Suspension apparatus for lamb larynx. C) Platform for RealHand instrumenta-
tion. D) Procedure with video monitoring. 

plication of RealHand instrumentation to the larynx 
will reveal many advantages over traditional instru-
mentation and will resolve some of the limitations 
encountered in traditional endolaryngeal surgery. 
It has the potential to do so in the following ways: 
1) it negates the limitation of mobility of tradition-
al laryngoscopy instrumentation, which is rigid and 
fixed; 2) it maintains the ability of direct visualiza-
tion through a telescope while precluding the need 
for an operating microscope; 3) it provides the dex-
terity to perform tasks, such as placing a running en-
doscopic suture, that are otherwise not possible with 
traditional instrumentation; 4) it provides flexibility 
that can be advantageous in difficult foreign body 
retrieval from distal airways; and 5) it has the poten-
tial to decrease surgical time and allow greater ease 
in surgery of the endolarynx.

To test this hypothesis, we designed a cadaveric 
animal model and performed 5 endolaryngeal surgi-

cal tasks. Some tasks were timed and compared to 
equivalent procedures with traditional laryngoscopy 
microsurgical equipment. The experience with these 
new instruments was subjectively rated by each par-
ticipant.

MATERIALS AND METHODS

Ten fresh lamb larynges were harvested from the 
hypopharynx to the level of the third tracheal ring. 
All soft tissue from the anterior skin to the level of 
the thyroid cartilage was then removed by sharp dis-
section. We designed and built a laryngeal holder to 
simulate the suspension of the animal specimen (Fig 
2A,B). Each larynx was suspended at the distal end 
of polyvinyl chloride (PVC) piping that simulated a 
laryngoscope. The RealHand high-dexterity instru-
ments were supported by a platform that allowed 
for stabilization of the instruments at the proximal 
end of the PVC piping (Fig 2C). The supported in-



struments were then passed through the PVC piping 
to access the specimen. Visualization of the opera-
tive field was attempted with both an operating mi-
croscope and a 0° telescope. For telescope use, the 
procedure was visualized by a separate video tower 
(Fig 2D).

Four physicians, including 2 senior otolaryngol-
ogy residents within 6 months of their dedicated lar-
yngology residency training period and 2 laryngol-
ogy fellows-in-training, participated in this study. 
All participating surgeons in this study were initial-
ly familiarized with the RealHand instruments by a 
formal brief description and demonstration of each 
instrument followed by a 15-minute period in which 
to manipulate them. The available instruments in-
cluded the Debakey forceps, the Maryland forceps, 
the surgical scissors, and the needle driver. All in-
struments had a long shaft of 36 cm with a 5-mm-di-
ameter shaft and working end. The dissecting instru-
ment was used in the dominant hand while the re-
tracting instrument was placed in the nondominant 
hand. Each surgeon performed 5 different endola-
ryngeal surgical tasks. The task was performed first 
with the traditional instrumentation and then imme-
diately afterward with the RealHand instrumenta-
tion. A senior laryngologist (P.W.) guided the setup 
and execution of these tasks. These tasks included 
1) foreign body removal; 2) arytenoidectomy; 3) mi-
croflap elevation; 4) cricopharyngeal myotomy; and 
5) endoknot suture tying. After all tasks were com-
pleted, all participants were given a 10-item subjec-
tive questionnaire about their experience.

Foreign Body Retrieval. A foreign body (penny) 
was placed into the esophageal inlet and retrieved 
with both traditional instrumentation and the Real-
Hand instrumentation. The tasks were timed from 
the moment the instruments were initially secured 
in the holder to the time the foreign body was com-
pletely removed. The timings were recorded and 
compared.

Microflap Elevation. Microflap elevation pro-
ceeded initially with subepithelial infusion of the 
true vocal fold with approximately 0.1 mL of sterile 
saline solution via a 27-gauge needle. The scissors 
were used to make a stab incision into the mucosa of 

the vocal fold. The Maryland forceps were used to 
grasp the microflap, and the dissection of Reinke’s 
space was performed with the scissors with a goal 
of identifying the vocal ligament and the dissection 
plane of the superficial lamina propria.

Arytenoidectomy. In order to assess the potential 
benefit of the instrument in soft tissue manipula-
tion, an arytenoidectomy was performed. After the 
mucosa of the arytenoid cartilage was grasped with 
forceps, the scissors were used to incise the soft tis-
sue surrounding the arytenoid cartilage and dissect 
this tissue down to the level of the cricoarytenoid 
joint. The goal of this task was then to remove the 
arytenoid cartilage at least partially, if not completely.

Cricopharyngeal Myotomy. In order to further 
assess the ease of soft tissue manipulation with the 
creation of a soft tissue defect under telescopic guid-
ance, a cricopharyngeal myotomy was performed. 
The midline mucosa overlying the cricopharyngeal 
muscle was incised with scissors to expose the un-
derlying muscle. Once the underlying muscle was 
exposed, the muscle was retracted with forceps and 
then divided with the scissors until the most inferior 
fibers of the muscle were identified. The goal was to 
complete a full myotomy.

Endoknot Suture. Endoknot suturing was per-
formed as previously described.1 With a 4-0 Vicryl 
suture, the needle driver was secured on the exper - 
imental platform, and then the needle was passed 
through the mucosal defect created by the aryte-
noidectomy to create a pyriform sinus flap over the 
defect. The goal of the task was to complete a single 
endoknot. The task was timed. The timings were re-
corded and compared. 

RESULTS

Foreign Body Retrieval. Foreign body retrieval 
was performed with both the traditional instrumen-
tation and the RealHand instrumentation. There was 
no significant difference across surgeons in terms of 
time taken in completing the task, as reflected in Ta-
ble 1. Although not reflected in the timing, the abil-
ity of the grasper to be angled and rotated made for 
increased ease of foreign body manipulation and re-
trieval.
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TABLE 1. TIMING OF SURGICAL TASKS WITH TWO DIFFERENT TYPES OF INSTRUMENTATION

 Foreign Body Retrieval Endoknot Suture

 Traditional RealHand Traditional RealHand
Participant Instrumentation Instrumentation Instrumentation Instrumentation

Resident 1 3.41 s 3.78 s 2 min 53 s 3 min 47 s
Resident 2 5.92 s 5.67 s 3 min 59 s 4 min 28 s
Fellow 1 4.99 s 5.03 s 3 min 14 s 3 min 20 s
Fellow 2 5.72 s 5.21 s 4 min 11 s 3 min 52 s



A B

Microflap Elevation. Microflap elevation was at-
tempted by the first 2 participants in the study, after 
which it was determined that it should not be includ-
ed in this study. The scissors are not sharply pointed, 
making it difficult to make a stab incision delicate-
ly through the epithelium. After difficulty creating 
the initial incision, the vocal ligament was able to 
be identified; however, the bulk of the instrument 
obstructed clear visualization. The small size of the 
lamb larynx with disproportionately large arytenoid 
cartilages in comparison to those of a human larynx 
made the anterior membranous vocal folds difficult 
to visualize endoscopically (Fig 3A). Additionally, 
the membranous vocal folds in the lamb model are 
angled in a caudad direction as they extend anterior-
ly from the arytenoid cartilages (Fig 3B). The unfa-
vorable anatomy of the lamb larynx, combined with 
the perceived bulkiness of the available instruments, 
led to the determination that the 5-mm instruments 
were inappropriate for microflap elevation in this 
animal model.

Arytenoidectomy. In some cases, only partial 
arytenoidectomy was performed, because visualiza-
tion of the anterior limit of the vocal process was 
challenging in the lamb larynx. The RealHand in-
struments, when compared to the traditional instru-
ments, allowed for increased dexterity with tissue 
manipulation, particularly with the angles encoun-
tered around the cricoarytenoid joint. Although the 
operative field for the dissection was bloodless, in 
vivo the instruments would provide electrocautery, 
which would not be possible with traditional instru-
mentation. Additionally, the 2 fellows-in-training 
went further to create a local mucosal pyriform si-
nus flap for reconstruction of the arytenoidectomy 

defect. This was accomplished by sharp dissection 
of the pyriform sinus mucosa with a redraping of 
the mucosa into the arytenoid defect on a superiorly 
based pedicle.

Cricopharyngeal Myotomy. Cricopharyngeal my-
otomy was also performed with ease. The increased 
flexibility and dexterity at the working end of the 
instrument allowed for retraction of soft tissue per-
pendicular to the plane of dissection (Fig 4A). Tele-
scopic visualization afforded superior visualization 
of the muscle fibers and the inferior limit of the dis-
section.

Endoknot Suture. Endoknot suturing via tradi-
tional instrumentation is a skill that was previously 
acquired by all participants in the study. Each partic-
ipant performed a single endoknot suture in the mu-
cosal defect of either the cricopharyngeal myotomy 
or the pyriform sinus flap. The timings of this task 
are reflected in Table 1. Furthermore, the 2 fellows-
in-training successfully attempted running sutures 
of the cricopharyngeal myotomy defect (Fig 4B).

Subjective Questionnaire Results. The results of 
the subjective 10-item questionnaire given to all 
participants are shown in Table 2. It was generally 
agreed that RealHand instrumentation offers advan-
tages in cricopharyngeal myotomy and endoknot su-
turing. The participants agreed that the instruments 
are intuitive to use and required no more than a 
15-minute introduction to the instruments prior to 
comfortable use. However, all agreed that with in-
creased time of use and exposure to the instruments, 
the ease of use increased. The instruments offered 
increased dexterity at the working end without the 
need for large gross motor movements by the sur-
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Fig 3. A) Lamb larynx is shown with arytenoid cartilages dominating endoscopic view in this animal model. Membranous vocal 
folds are difficult to visualize, as they are caudad to large posterior arytenoid cartilage. B) Lamb larynx is split down anterior 
length of thyroid and cricoid cartilages. Arytenoid cartilages are at level of cephalad border of thyroid cartilage, whereas attach-
ment of Broyle’s ligament to thyroid cartilage is at inferior border of thyroid cartilage.
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geon. For all participants, the bulk of the instrument, 
even at no greater than a 5-mm shaft and working 
end, was the greatest limitation in applying it to the 
endolarynx. The instrument tips lacked the deli-
cacy that is found in traditional microlaryngeal in-
struments. However, it was strongly agreed among 
all participants that the facility of performing a cri-
copharyngeal myotomy and endoknot suturing were 
significantly improved with RealHand instrumenta-
tion over traditional microlaryngoscopy equipment. 
Although the use of these instruments did not im-
prove surgical time, the increased dexterity effec-
tively improved the ease of tissue manipulation as 
measured subjectively.

DISCUSSION

Laryngoscopy was first introduced in 1895, and 
subsequent development of different laryngoscopes 
was undertaken to accommodate challenges in visu-

alization of the larynx. Both microscopy and telesco-
py have been applied and well accepted to improve 
visualization through the available laryngoscopes.2,3 
However, even with improvements in visualization, 
limitations of microlaryngoscopy instrumentation 
still restrict the ease of performing some surgeries 
because of the distance between the surgeon’s hand 
and the operated tissue, as well as the rigid instru-
mentation.

Transoral robotic surgery (TORS) has been applied 
to the glottis and supraglottis, overcoming some of 
the limitations of traditional microsurgery.4-6 Wein-
stein et al5,6 initially reported glottic microsurgery 
in a canine model using TORS with the advantages 
of wide exposure with the oral mouth gag system 
and multiplanar transection of tissues. Additionally, 
the endoscopic arm of the robot is equipped with 2 
integrated cameras that make it possible to see 3-di-
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Fig 4. A) Endoscopic suturing with RealHand needle driver. B) Cricopharyngeal myotomy with scissors for sharp dissection and 
Maryland forceps for soft tissue manipulation.

TABLE 2. SUBJECTIVE QUESTIONNAIRE

 Fellow 1 Resident 1 Fellow 2 Resident 2 Average

RealHand instruments are intuitive to use 5 2 5 4 4.0
The RealHand instruments provided dexterity 5 2 5 3 3.8
RealHand instruments were easy to manipulate 5 2 4 4 3.8
The use of RealHand instruments would require extensive training prior to 1 5 1 3 2.5
 practical use
RealHand instruments made it easier to perform microlaryngeal surgery 1 1 3 2 1.8
RealHand instruments made it easier to perform surgery of the hypopharynx 4 2 5 3 3.5
 and supraglottis
RealHand instruments have the potential to aid in cricopharyngeal myotomy 5 4 5 5 4.8
RealHand instruments have the potential to aid in endoknot suturing 5 4 5 5 4.8
Foreign body retrieval in the upper aerodigestive tract in easier with 4 2 4 3 3.3
 RealHand instruments than with traditional instruments
Visualization of the operative field was improved using the telescope over 3 3 5 2 3.3
 the traditional microscope

Scoring key: 1 — completely disagree; 2 — somewhat disagree; 3 — neither agree nor disagree; 4 — somewhat agree; 5 — completely agree.



mensionally. Excellent visualization, in addition to 
ease of tissue manipulation to facilitate surgical re-
section, has allowed the application of TORS in the 
head and neck region to be expanded with great suc-
cess to the oral cavity, oropharynx, and hypophar-
ynx.7 However, TORS is restricted by the lack of 
tactile feedback during operation. Additionally, re-
ports of the use of TORS for laryngeal and hypopha-
ryngeal applications are still limited.

Natural orifice transluminal endoscopic surgery 
(NOTES) is an adaptation to laparascopic surgery 
that has gained momentum in recent years. In an ef-
fort to minimize invasion into the peritoneal cavity, 
instrumentation of abdominal structures via natural 
orifices was first introduced by Kalloo et al8 in 2004, 
and its application has expanded rapidly since that 
time because of the myriad benefits it offers to the 
general surgical patient. The initial introduction in-
volved intraperitoneal access through a transgastric 
incision via the oral cavity. The essential concept is 
that the abdominal cavity structures are accessed via 
natural orifices, and from its initial concept involv-
ing the oral cavity, the application has extended to 
the rectum and the vagina. Using natural orifices 
precludes the needs for any abdominal wall incision 
to be made. The documented benefits from this ap-
proach include elimination of abdominal wall inci-
sions with their respective complications, minimal 
pain, less adhesion, less neuroendocrine stress re-
sponse, and less inflammatory response.9

Because of the ease of the surgical approach, as 
well as the benefit to the patient, the concept of 
NOTES has driven the development of instruments 
that can accomplish various surgical procedures 
performed endoscopically through a natural orifice. 
RealHand high-definition instruments provide dex-
terity and control by offering a full range of motion 
in the working end of endoscopic instruments. They 
are designed such that each motion of the hand at 
the operating end translates directly into the motion 
at the working tip of the instrument. The instrument 
tip has 70° of motion vertically and horizontally 
with respect to the shaft, which allows the surgeon 
to access anatomically difficult areas that tradition-
al instruments simply cannot. In addition, the entire 
tip can be rotated 360° without having to rotate the 
hand, allowing smooth rotation of a curved needle 
or other object with the surgeon’s elbow remaining 
stable in one place. Additionally, the instruments of-
fer monopolar electrocautery, so hemostasis can be 
obtained during simultaneous operation.

In our application of the RealHand instrumenta-
tion to the larynx, the benefits were inherent to the 
dexterity of the instrument. Although the instru-

ments were generally found to be easy to manipu-
late without extensive training prior to use, the par-
ticipants in this study generally found the use of the 
instruments to be progressively easier with longer 
use. The required adjustment to these instruments 
largely involves acclimation to the direct translation 
of hand motion in the working tip of the instrument. 
Unlike traditional microlaryngoscopy instruments, 
for which the fulcrum effect causes the motion of 
the working end to be opposite to the hand motion, 
RealHand instruments directly translate the vertical 
and horizontal movement of the hand. Additionally, 
the working hand can be rotated 360° without re-
quiring rotation of the surgeon’s hand or arm. Al-
though the increased ability for this movement is 
a great advantage of these instruments, it requires 
some adaptation by the user, which grows in ease 
with increased use.

Our animal model of the larynx proved challeng-
ing in a number of ways. Although the sheep and 
lamb larynges have served as phonatory models, it 
is known that they have distinct anatomic differenc-
es from human larynges. The lamb larynx is geo-
metrically different from the human larynx. Because 
lambs are herbivorous, the arytenoid cartilages are 
larger and are higher in a cephalad direction to en-
able the lambs to breathe and eat simultaneously.10 
Therefore, the membranous true vocal fold is per-
ceptibly smaller and accounts for less of the glottis 
than it does in humans. Histologically, lambs’ vocal 
fold structure is similar to that of humans, but they 
have a 2-layered lamina propria, unlike the 3-lay-
ered lamina propria that is well recognized in hu-
mans.10 We believe these differences contributed to 
the difficulty of raising a microflap in our experi-
ence. Identification of the vocal ligament and defi-
nition of the lamina propria was difficult. This dif-
ficulty confounded the inherent one of working 
with 5-mm instruments, which, if refined and made 
smaller, might be easier to manipulate for delicate 
microflaps.

Given the limitations encountered in this animal 
model, we found that 4 of the 5 points in our hypoth-
esis were proven true. Although there may be no ap-
preciable change in surgical time, the high-dexterity 
instruments originally designed for NOTES are ap-
plicable to endopharyngeal and endolaryngeal sur-
gery. They negate the limitation of mobility of tra-
ditional laryngoscopic instruments, which are rigid 
and fixed. The most promising application of these 
high-dexterity instruments appears to be in supra-
glottic and pharyngeal procedures such as cricopha-
ryngeal myotomy and partial arytenoidectomy, in 
which the instruments increase ease of tissue ma-
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nipulation with 3-dimensional control. The flexibil-
ity may also be advantageous in difficult foreign 
body retrieval. Improved visualization with an up-
close telescope instead of a microscope gives this 
approach a potential advantage over the traditional 
techniques. It frees the surgeon from dependence on 
the microscope, gives another option for visualiza-
tion on a monitor, and, in the image produced, which 
is within millimeters of the operative field, offers de-
tailed guidance for the procedure. Most significant-
ly, the increased dexterity offers increased ability to 
repair a surgical defect with a local mucosal flap us-
ing either interrupted or running sutures. Until now, 
endoscopic suturing ability in the larynx and phar-
ynx was limited to interrupted endoknots. RealHand 
instruments offer the ability to suture in a running 
fashion endoscopically, opening up the possibility 
of greater soft tissue resection with local repair.

This was a proof-of-concept study to examine 
the feasibility of applying RealHand high-dexterity 
instrumentation to the endolarynx. This study was 
limited by the lack of formalized instrument setup 
for application of the RealHand instruments to en-
dolaryngeal surgery. What is required for broader 
application of the high-dexterity instruments to the 
endolarynx is a modification to the current opera-
tive laryngoscopy setup such that the instruments 
and telescope are secured either on the outer rim of 
the laryngoscope or next to it. Additionally, modifi-
cations to the RealHand instruments would involve 

shortening the shaft to a length of no greater than 24 
cm with narrowing of the shaft and refinement of 
the working tip. However, these modifications are 
conceivable and have the potential to be easily exe-
cuted. The current limitations do not allow these in-
struments to be applied easily in the larynx. How-
ever, with modifications to the physical structure of 
the instruments, more extensive soft tissue manipu-
lation can potentially be accomplished endoscopi-
cally. What is also needed in the future is a com-
parison of NOTES instrumentation to TORS. It is 
known that TORS is beneficial in the oropharynx 
and hypopharynx but is limited in the larynx. These 
limitations parallel those found with the NOTES in-
strumentation. The NOTES instrumentation has po-
tential for endolaryngeal surgery if modified, but as 
is, it can be more broadly accessible to surgeons for 
pharyngeal surgery, as TORS currently is limited to 
larger academic hospitals.

CONCLUSIONS 

RealHand high-dexterity instrumentation allows 
for full range-of-motion instrumentation in NOTES. 
Our study suggests that this technology may be ap-
plicable to endoscopic laryngeal surgery, with dis-
tinct advantages over traditional instrumentation. 
With modification to accommodate access to the 
surgical tissues via a laryngoscope, RealHand has 
the potential to facilitate endoscopic surgery of the 
supraglottic structures.
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Transoral Robot-Assisted Lingual Tonsillectomy and
Uvulopalatopharyngoplasty for Obstructive Sleep Apnea

Jonathan M. Lee, MD; Gregory S. Weinstein, MD; Bert W. O’Malley, Jr, MD;
Erica R. Thaler, MD

Objectives: We assessed the use of transoral robot-assisted lingual tonsillectomy and uvulopalatopharyngoplasty for the 
surgical management of tongue base obstruction in patients with obstructive sleep apnea.  

Methods: In a prospective, nonrandomized trial using historical controls, patients underwent drug-induced sleep endos-
copy, transoral robot-assisted lingual tonsillectomy with uvulopalatopharyngoplasty, and preoperative and postoperative 
polysomnography.  

Results: Twenty patients have completed the study to date. The rate of surgical success was 45%, and the rate of surgical 
response was 65%. The mean preoperative apnea-hypopnea index of 55.6 decreased by 56.7%, to a mean postoperative 
value of 24.1 (p < 0.001), and the minimum arterial oxygen saturation increased from the mean preoperative value of 
75.8% to the mean postoperative value of 81.7% (p = 0.013). The mean Epworth Sleepiness Scale score improved from 
13.4 to 5.9 (p = 0.003). One patient had postoperative bleeding that required cauterization, resulting in a major compli-
cation rate of 4.2%. 

Conclusions: Transoral robot-assisted lingual tonsillectomy with uvulopalatopharyngoplasty is a novel technique for the 
surgical management of obstructive sleep apnea that results in a significant decrease in the apnea-hypopnea index, a sig-
nificant improvement in minimum arterial oxygen saturation, and a significant improvement in the Epworth Sleepiness 
Scale score and has an acceptable complication rate.

Key Words: endoscopic surgery, obstructive sleep apnea, tongue, transoral robotic surgery, uvulopalatopharyngoplasty.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a multisystem 
disorder that can have a significant adverse effect on 
cardiovascular function, neurocognitive ability, me-
tabolism, and quality of life. Although the first-line 
treatment for OSA is often positive airway pressure 
therapy, a significant proportion of patients are un-
able to tolerate the therapy and seek surgical treat-
ment.1

In the past 2 decades the need for new surgical 
techniques to manage OSA has become increas-
ingly evident. Traditional surgery involving uvu-
lopalatopharyngoplasty (resection of the palatine 
tonsils and a portion of the soft palate and uvula) 
alone has not reliably led to normalization of the ap-
nea-hypopnea index (AHI) for patients with moder-
ate to severe OSA. In a meta-analysis, Caples et al2 
found that the mean AHI was only reduced by 33% 
with uvulopalatopharyngoplasty alone, resulting in 
an average postoperative AHI of 29.8. Although 

polysomnography is the gold standard for diagnosis 
of OSA, it is unable to determine the specific ana-
tomic level of airway collapse that leads to obstruc-
tion.3 Drug-induced sleep endoscopy (DISE), first 
described in 1991 by Croft and Pringle,4 has been 
shown to identify patterns of upper airway obstruc-
tion in patients with OSA.5

Collapse of the upper airway can occur at multi-
ple regions, including the velopharynx, oropharynx, 
tongue base, and epiglottis, and multilevel collapse 
is often observed. Furthermore, it has become better 
understood that tongue base anatomy plays a more 
important role than was previously thought in the 
pathophysiology of OSA. Specifically, hypertrophy 
of the lingual tonsils or relative macroglossia can 
narrow the dimensions of the hypopharynx at the 
retroglossal level, leading to obstructive symptoms.

Various techniques have been introduced to cor-
rect the contribution of tongue base hypertrophy to 
obstructive apnea, including sliding genioplasty or 
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genioglossus advancement, radiofrequency ablation 
of the tongue base, and hyoid suspension. These 
techniques, however, do not involve direct remov-
al of tissue in the tongue base and have not been 
demonstrated to consistently normalize the patient’s 
AHI.6 Transoral approaches to the tongue base have 
typically been performed with endoscopes or sur-
gical microscopes, resulting in a limited operative 
field that is restricted by line-of-sight visualization 
without depth perception. When endoscopes are 
used, they are usually handheld, which prevents the 
surgeon from performing two-handed maneuvers. 
Cervical approaches with pharyngotomy have been 
described to obtain better access to the tongue base, 
but have required tracheostomy.7,8

Use of robot-assisted technology as a means to 
overcome these surgical limitations may allow for 
actual removal of obstructive tissue in the tongue 
base while obviating the need for external incisions, 
pharyngotomy, or tracheostomy. With the da Vinci 
Surgical System (Intuitive Surgical, Sunnyvale, Cal-
ifornia), surgeons can use high-quality endoscopic 
optics for improved visualization with 3-dimension-
al depth perception and robotic instruments with 6° 
of motion for superior dexterity and precision.

O’Malley et al9 reported success with transoral 
robotic resection of base-of-tongue neoplasms in 
terms of excellent 3-dimensional visualization, in-
strument access, and surgical resection at the base of 
the tongue with negative margins. Weinstein et al10 
reported the efficacy of transoral robotic surgery 
for performing radical tonsillectomy for tonsillar 
squamous cell carcinoma and noted excellent access 
with an acceptable acute mortality rate. Weinstein et 
al11 also demonstrated the oncological outcomes of 
transoral robotic surgery for advanced oropharynge-
al carcinoma to be commensurate with conventional 
treatments, with similar rates of disease control, sur-
vival, and safety.

 

A logical extension of this work is to apply it 
to the surgical management of OSA to address the 
tongue base component of this disorder. Recently, 
Vicini et al12 reported a significant reduction in AHI 
and a significant improvement in oxygen saturation 
nadir after patients had undergone transoral robotic 
surgery for tongue base reduction. Of note, however, 
each of these patients first underwent tracheostomy 
and also underwent a variety of heterogeneous pro-
cedures, including uvulopalatopharyngoplasty, su-
praglottoplasty, septoplasty, and turbinate reduction. 
This report presents a pilot study assessing transoral 
robot-assisted lingual tonsillectomy done in con-
junction with uvulopalatopharyngoplasty as a novel 
technique for the surgical management of OSA.

MATERIALS AND METHODS

This study was a prospective, nonrandomized tri-
al with historical controls. The research study took 
place at the Hospital of the University of Pennsylva-
nia, in both the outpatient offices of the Department 
of Otolaryngology and the operating suites at the 
hospital. A human subjects protocol was designed 
and approved by the hospital’s Institutional Review 
Board. To be included in the study, patients had to 
be at least 18 years of age at the time of treatment, 
present with indications for surgical management 
of the tongue base to treat OSA, and sign a written 
informed consent. The exclusion criteria were un-
explained fever and/or untreated, active infection; 
pregnancy; previous head and neck surgery preclud-
ing transoral robotic procedures; and the presence 
of a medical condition that contraindicated general 
anesthesia or a transoral surgical approach. Of note, 
there was no maximum preoperative AHI or body 
mass index (BMI). The patients were evaluated in 
the outpatient clinical setting and underwent an ex-
tensive preoperative workup that included preop-
erative polysomnography, magnetic resonance im-
aging, and DISE. In addition, the patients also an-
swered a survey regarding daytime somnolence, and 
preoperative Epworth Sleepiness Scale (ESS) scores 
were obtained when possible.13 

The DISE was performed by one co-investigator 
(E.R.T.) according to the previously described tech-
nique.5 The patients were placed in the supine posi-
tion on a flat table with the neck in a neutral position. 
For the DISE, the patients were induced into a light 
phase of sleep with propofol titration and the up-
per airway was visualized directly with an Olympus 
model BF-3C160 pediatric bronchoscope (Olympus 
America, Center Valley, Pennsylvania). Equidistant 
video recording was achieved by marking the scope 
at 13 cm to visualize the hypopharynx at the level of 
the tongue base. The retroglossal area was recorded 
and measured, first during the awake period and then 
again during the sleep period. Linear measurements 
of airway diameter in the lateral, anterior-posterior, 
and cross-sectional areas were determined with the 
image analysis program Amira 4.2.1 (Visage Im-
aging, San Diego, California). Patients who were 
found to have significant obstruction at the level of 
the retroglossal region, as demonstrated by a signifi-
cant percentage change in cross-sectional area dur-
ing DISE, were given the option of undergoing uvu-
lopalatopharyngoplasty and trans oral robot-assisted 
lingual tonsillectomy. 

All patients were informed of alternative medi-
cal and surgical treatments, and informed consent 
was obtained for the procedure. Transoral robotic 



TABLE 1. SUMMARY OF CLINICAL AND TREATMENT DATA

   Body Preoperative Postoperative
  Age Mass Minimum Minimum Preoperative Postoperative Surgical Surgical
 Patient (y) Index SaO2 (%) SaO2 (%) AHI AHI Success Response

 1 44 32.3 81 92 79.1 18.9 Y Y
 2 54 29.4 70 66 81.8 80.5 N N
 3 48 30.1 74 74 66.1 30.8 N Y
 4 32 24.5 83 88 9.9 16.3 N N
 5 31 27.9 79 87 112.0 2.0 Y Y
 6 52 35.1 73 89 58.0 11.0 Y Y
 7 40 30.7 89 91 25.3 9.6 Y Y
 8 24 20.0 84 90 41.0 4.3 Y Y
 9 66 25.1 82 81 22.4 59.0 N N
 10 45 39.6 74 80 66.0 10.0 Y Y
 11 51 42.5 60 73 45.7 31.0 N N
 12 50 33.7 79 83 56.2 45.0 N N
 13 57 28.9 84 62 8.5 25.0 N N
 14 45 55.0 77 82 87.2 26.5 N Y
 15 52 30.0 86 90 48.0 6.9 Y Y
 16 59 34.5 76 81 66.0 11.6 Y Y
 17 38 29.6 66 81 56.0 30.7 N N
 18 40 36.4 84 87 48.0 7.0 Y Y
 19 52 31.4 64 79 61.0 27.0 N Y
 20 33 35.9 51 78 73.0 29.0 N Y

SaO2 — arterial oxygen saturation; AHI — apnea-hypopnea index.
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surgery was performed with the da Vinci Surgical 
System. The patient was intubated with an appro-
priate-size reinforced endotracheal tube secured to 
the oral commissure with a suture and then prepared 
and draped in the usual sterile fashion. As previous-
ly described, the nurse sits to the left of the patient, 
the robotic cart is positioned on the right side of the 
patient, and the surgical assistant is stationed at the 
patient’s head.14 A Feyh-Kastenbauer retractor (In-
tuitive Surgical) is used to expose one side of the 
pharynx and tongue base and is suspended to the 
bed via a Storz scope holder (Karl Storz, Tuttlingen, 
Germany). The robotic surgical arms, mounted with 
a Maryland retractor and bovie knife, are positioned 
on either side of a centrally placed 0° high-magni-
fication, 3-dimensional endoscope. The procedure 
involves the piecemeal resection of lingual tonsil-
lar tissue and possibly a small amount of muscle lo-
cated at the tongue base. Tissue was removed at the 
operating surgeon’s discretion until the airway at the 
level of the tongue base was judged to be adequate. 
After one side was completed, the retractor was re-
moved and replaced to expose the other side of the 
pharynx and tongue base, and the procedure was re-
peated. In most cases, the patient was extubated at 
the end of the procedure; in select cases, the patient 
was kept intubated for 48 hours and extubated at the 
discretion of the critical care team.

After the transoral robot-assisted lingual tonsil-
lectomy, traditional uvulopalatopharyngoplasty was 
performed as originally described by Fujita et al.15 

Each patient who underwent surgery also had a fol-
low-up polysomnographic study at least 3 months 
after surgery to determine the outcome of the proce-
dure. In cases of polysomnographic studies in which 
the preponderance of obstructive events occurred in 
a particular position or stage of sleep, that specif-
ic AHI was used for analysis. When possible, post-
operative ESS scores were also obtained, at least 3 
months after surgery. The criteria for surgical suc-
cess included both a reduction of at least 50% from 
the preoperative AHI and a postoperative AHI of 
less than 20 events per hour.16 A surgical response 
was defined as a reduction from the preoperative 
AHI of at least 50%. 

RESULTS

Overall, 24 patients underwent DISE, transoral 
robot-assisted lingual tonsillectomy, and uvulo-
palatopharyngoplasty (Table 1). Of this group, 20 
patients completed their assessment by undergo-
ing postoperative polysomnography. Follow-up was 
a minimum of 3 months from the time of surgery. 
The mean age of the patients was 45.7 years; 70% 
of the patients were male and 30% were female. The 
preoperative BMIs ranged from 20.0 to 55.0 (mean, 
32.6). Follow-up ranged from 4 to 19 months (me-
dian, 8 months). 

Data from DISE were available at the retroglos-
sal level for 15 patients. From the awake period to 
the sleep period, at the level of the retroglossal air-
way, the lateral dimension decreased by 41.1% (p = 



0.015), the anterior-posterior dimension decreased 
by 19.8% (p = 0.165), and the cross-sectional area 
decreased by 45.3% (p = 0.026; Table 2). 

Thirteen of the 20 patients (65.0%) met the crite-
ria for a surgical response, ie, a reduction in AHI of 
at least 50%. Nine of the 20 patients (45.0%) met the 
criteria for surgical success, ie, a reduction in preop-
erative AHI of at least 50% and a postoperative AHI 
of fewer than 20 events per hour. 

There was a statistically significant (p < 0.001) 
difference between the mean preoperative AHI of 
55.6 (SD, 26.0) and the mean postoperative AHI of 
24.1 (SD, 19.6). This represents a decrease in the 
mean AHI of 31.5, or 56.7% (Fig 1). The minimum 
arterial oxygen saturation also increased, from a pre-
operative mean of 75.8% (SD, 9.6%) to a postopera-
tive mean of 81.7% (SD, 8.2%; p = 0.013). This rep-
resents an increase in mean minimum arterial oxy-
gen saturation of 5.9% (Fig 2).

Preoperative and postoperative ESS scores were 
available for 13 patients. The mean preoperative 
ESS score was 13.4 ± 6.1 and the mean postopera-
tive score was 5.9 ± 4.7 (p = 0.003), resulting in a 
statistically significant reduction of 55.7% (Fig 3). 

One patient had significant bleeding on postop-
erative day 7 and required cauterization in the op-
erating room. Thus, 1 of the 24 patients (4.2%) had 
a major adverse event. Minor complications includ-
ed transient dysphagia (20.8%), transient dysgeusia 
(12.5%), and transient globus sensation (8.3%). At 
the time of the 3-month postoperative visit, these 
symptoms had all resolved.

DISCUSSION

Conventional techniques for the surgical man-
agement of tongue base hypertrophy in patients 
with OSA are often limited by inadequate exposure. 
Transoral robotic surgery utilizes 3-dimensional vi-
sualization and superior instrument access to pro-
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TABLE 2. OVERALL PERCENT CHANGE IN
RETROGLOSSAL AIRWAY MEASUREMENTS

DURING DISE (N = 15)

Measurement Percent Change p

Lateral –41.1 ± 28.0 0.015
Anterior-posterior –19.8 ± 16.3 0.165
Area –45.3 ± 37.5 0.026

DISE — drug-induced sleep endoscopy.

Fig 3. Mean preoperative Epworth Sleepiness Scale 
score was 13.4 (SD, 6.1), and mean postoperative score 
was 5.9 (SD, 4.7), ie, 55.7% decrease (p = 0.003). Error 
bars represent 1 SD.

Fig 1. Mean preoperative apnea-hypopnea index was 
55.6 (SD, 26.0), and mean postoperative value was 24.1 
(SD, 19.6), ie, 56.7% decrease (p < 0.001). Error bars 
represent 1 SD.

Fig 2. Mean preoperative minimum arterial oxygen satu-
ration was 75.8% (SD, 9.6%), and mean postoperative 
value was 81.7% (SD, 8.2%), ie, 5.9% increase (p = 
0.013). Error bars represent 1 SD.



vide improved exposure to the tongue base. Previ-
ous studies have demonstrated the feasibility, safety, 
and efficacy of transoral robotic resection of both 
benign and malignant lesions.9-11

This is the first study to assess the use of transoral 
robot-assisted lingual tonsillectomy with uvulo-
palatopharyngoplasty for the surgical management 
of OSA without tracheostomy. This study demon-
strates that transoral robot-assisted lingual tonsillec-
tomy with uvulopalatopharyngoplasty can be used 
to achieve a significant reduction in AHI, a signifi-
cant improvement in minimum arterial oxygen sat-
uration, and a significant improvement in daytime 
somnolence as measured by the ESS. We achieved a 
56.7% reduction in the AHI, in contrast to the 33% 
reduction in AHI achieved with uvulopalatopharyn-
goplasty alone.2 This surgical intervention resulted 
in a 45% rate of surgical success and a surgical re-
sponse rate of 65%. Unlike the majority of studies 
on surgical interventions for OSA, this study did 
not set any maximum limits on preoperative BMI 
or AHI, and the highest BMI value of 55.0 and the 
mean preoperative AHI of 55.6 highlight the sever-
ity of disease in our patient population. 

In contrast to conventional cervical approaches, 
this robot-assisted transoral approach avoids the 
need for a large external incision, pharyngotomy, 
or tracheostomy. There was only one significant ad-

verse event — postoperative bleeding that required 
cauterization — and thus an acceptable morbidity 
rate of 4.2%.

Future directions include expanding the scope of 
the research study, and patient enrollment is ongo-
ing. Longer follow-up is needed to determine the 
long-term impact of this surgical intervention and 
to assess the potential for lingual tonsil regrowth. 
In addition, patients will undergo preoperative and 
postoperative magnetic resonance imaging in order 
to quantify the amount of tissue removed from the 
tongue base. 

CONCLUSIONS

This study presents a novel technique — trans-
oral robot-assisted lingual tonsillectomy with uvu-
lopalatopharyngoplasty — for the surgical manage-
ment of OSA, achieving a surgical success rate of 
45% and a surgical response rate of 65% with a sta-
tistically significant improvement in AHI, minimum 
arterial oxygen saturation, and daytime somnolence. 
One patient had postoperative bleeding that required 
cauterization, resulting in a major complication rate 
of 4.2%. This new surgical approach utilizes the 
surgical robot to provide excellent exposure for ad-
dressing airway obstruction at the retroglossal level 
without the need for tracheostomy or cervical inci-
sion with pharyngotomy. 
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Effect of Altered Core Body Temperature On
Glottal Closing Force

Mikhail Wadie, MD; Juan Li, MD; Clarence T. Sasaki, MD

Objectives: A basic function of the larynx is to provide sphincteric protection of the lower airway, initiated by a brain 
stem–mediated glottal closure reflex. Glottal closing force is defined as the measured pressure generated between the vo-
cal folds during glottal closure. One of the factors thought to affect the glottal closure reflex is a variation in core body 
temperature.

Methods: Four adult male Yorkshire pigs were used in this study. The subjects were studied under control conditions 
(37°C), hyperthermic conditions (38°C to 41°C), and hypothermic conditions (36°C to 34°C).

Results: We demonstrated that the glottal closing force increased significantly with an increase in core body temperature 
and also decreased significantly with decreased core body temperature. These results are supported by neurophysiologi-
cal changes demonstrated by other studies in pups and adult dogs in response to altered core body temperatures. The 
mechanism for these responses is thought to reside centrally, rather than in the peripheral nervous system.

Conclusions: We hope that a better understanding of these aspects of glottal closure will alter the care of many patients 
with postanesthesia hypothermia and many sedated inmates and will also further enhance preventive measures needed to 
decrease the incidence of sudden infant death syndrome in overheated or febrile infants.

Key Words: glottal closing force, hyperthermia, hypothermia, sudden infant death syndrome.
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INTRODUCTION 

A basic function of the larynx is to provide sphinc-
teric protection of the lower airway, achieved in part 
by simultaneous adduction of both vocal folds in 
response to afferent stimulation of the internal di-
vision of the superior laryngeal nerves (iSLNs). 
Among other factors, this polysynaptic brain stem 
reflex also appears to be sensitive to variations in 
core body temperature.1 In febrile neonates, a hyper-
sensitive glottal closure reflex (GCR) has been im-
plicated as a possible cofactor responsible for pro-
voking obstructive apnea that leads to sudden infant 
death syndrome (SIDS). This condition has histori-
cally been linked epidemiologically with heat stress, 
as infants are found in overheated rooms, wrapped 
excessively with blankets, and occasionally covered 
with sweat.2-4 In a canine model, Haraguchi et al1 
demonstrated that hyperthermia enhances the GCR 
by decreasing its latency and threshold, perhaps 
thereby triggering upper airway–induced peripheral 
apnea. At the other extreme of core temperature (hy-

pothermia), the investigators demonstrated depres-
sion of the GCR manifested by an increased latency 
and threshold, potentially leading to fatal aspiration 
events. Such conditions have also been described in 
hypothermic patients emerging from general anes-
thesia,5 among institutionalized inmates under ex-
cessive pharmacologic sedation, and even during 
the course of normal sleep, when aspiration events 
are not only common but often life-threatening in 
the setting of sleep-induced hypothermia.6

Because SIDS continues to be one of the lead-
ing causes of postnatal infant deaths, with 2,162 in-
fants dying from SIDS in the United States alone in 
2003,7 this study was devised to further characterize 
the effect of altered core body temperature on the 
GCR.

Because we are especially interested in the bio-
mechanical consequences of electrophysiological 
events described previously by Haraguchi et al,1 
we have also chosen to measure the glottal clos-
ing force (GCF) in response to variations in core 
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body temperature. In this context, GCF is defined 
as the measured pressure generated between the vo-
cal folds during reflex glottal closure. The results of 
this study should provide the basis for preventive 
measures for the reduction of event-related larynge-
al incompetence that can lead to fatal aspiration in 
cases of hypothermia and of GCR hypersensitivity 
that can contribute to hyperthermia-induced glottal 
obstruction.

MATERIALS AND METHODS 

Four adult male Yorkshire pigs were used in the 
study. The subjects were approximately 4 to 7 months 
old, and their weights ranged from 43 to 53 kg. An-
esthesia was induced with intramuscular injection of 
ketamine hydrochloride (30 mg/kg) and xylazine hy-
drochloride (5 mg/kg). Inhalational isoflurane anes-
thesia was maintained at a level of 1.0 minimal al-
veolar concentration (MAC) or less via a nose cone. 
Tracheotomy was then performed, and an appropri-
ate-size endotracheal tube according to the age of the 
subject was inserted. The endotracheal tube was se-
cured to the tracheostome with a suture. Tracheal in-
tubation was confirmed by auscultation of both lung 
fields. No pharmacologic muscle relaxation was 
used. Because the subjects were allowed to breathe 
spontaneously, stimulus presentation was confined 
to early expiration in order to avoid variations in re-
flex threshold caused by the respiratory cycle.8

Using aseptic technique, we made a vertical mid-
line incision in the lower neck and carried it to the 
larynx and trachea. The study began with identi-
fication of both iSLNs and exposure of both thy-
roarytenoid muscles by removing the superior as-
pect of the thyroid lamina on each side. The central 
cut ends of both iSLNs were then connected to bipo-
lar 200-mΩ platinum-iridium stimulating electrodes 
to elicit the GCR.

To establish the biomechanical effect of neuro-
physiological responses, we introduced a catheter 
pressure transducer (SPC-330, Micro-Tip, Millar 
Instruments Inc, Houston, Texas) into the glottis 
through an anterior pharyngotomy and held its pres-
sure-sensitive tip at the mid-portion of the membra-

nous vocal folds. It was connected to a DC ampli-
fier, which displayed the waveforms on a Neuromax 
oscilloscope (XLTEK, Oakville, Canada).

The presence of vocal fold movements was veri-
fied by electromyography (EMG). A pair of mono-
polar platinum-iridium recording electrodes were 
inserted into each thyroarytenoid muscle. The oscil-
loscope was used to display and record EMG wave-
forms. The amplitude and latency of the response 
and the threshold of the stimulus were recorded on 
the oscilloscope. An average time of 30 minutes was 
allowed to elapse to ensure that the induction agents 
had been metabolized before starting the record-
ings.

The depth of anesthesia (1.0 MAC) was stabi-
lized throughout the procedure. Rectal temperature, 
electrocardiography readings, respiratory rate, pulse 
oximetry readings, and palpebral and corneal reflex-
es were continuously monitored and recorded every 
15 minutes. The core body temperature was varied 
between 34°C and 41°C by use of a “homeother-
mic blanket system” (Harvard Apparatus Ltd, Eden-
bridge, England). 

Protocol 1 (Control). At 37°C, with the subjects 
under 1.0-MAC isoflurane anesthesia and spontane-
ously breathing room air, the iSLNs were electrical-
ly stimulated starting from 0.1 mA as a single pulse 
with a duration of 0.1 ms. The stimulus intensity was 
increased in 0.1-mA increments until a consistent 
threshold response was seen in the thyroarytenoid 
muscle, as displayed on the oscilloscope. The GCF 
was recorded simultaneously with a catheter pres-
sure transducer. A series of 6 trials per subject were 
performed. Averaging the values from these 6 tri-
als was done to improve the signal-to-noise ratio. 
These recordings served as the control for compari-
son against experimental protocols 2 and 3.

Protocol 2 (Hypothermia). Under this protocol, 
each animal was subjected to different levels of hy-
pothermia. The GCR and GCF were then recorded 
as described above at core body temperatures of 
36°C, 35°C, and 34°C.

Protocol 3 (Hyperthermia). Hyperthermia was 

TABLE 1. EFFECTS OF HYPERTHERMIA ON GLOTTAL CLOSING FORCE

 Animal Control 38°C 39°C 40°C 41°C
 1 283.9 ± 80.0 506.1 ± 81.4 849.3 ± 45.9  891.3 ± 118.5 1,051.8 ± 137.0
 2 343.2 ± 80.0 437.0 ± 17.7 641.9 ± 100.7 792.5 ± 94.8  841.9 ± 77.0
 3 325.9 ± 65.2 414.8 ± 63.7 661.7 ± 75.5  785.1 ± 71.1  886.4 ± 28.1
 4 276.5 ± 34.1 520.9 ± 57.7 679.0 ± 69.6  883.9 ± 28.1  1,064.2 ± 42.9
 Mean 307.4 ± 32.3  469.7 ± 51.7* 708.0 ± 95.4† 838.2 ± 57.2† 961.1 ± 113.4†

Data are expressed as mean ± SD in millimeters of mercury.
*p < 0.05.
†p < 0.01.



TABLE 2. EFFECTS OF HYPOTHERMIA ON GLOTTAL CLOSING FORCE

 Animal Control 36°C 35°C 34°C
 1 283.9 ± 80.0 282.4 ± 35.5 244.4 ± 34.0 167.9 ± 22.2
 2 343.2 ± 80.0 167.9 ± 29.6  86.4 ± 17.7 24.7 ± 7.4
 3 325.9 ± 65.2 202.4 ± 54.8 130.8 ± 22.2  69.1 ± 22.2
 4 276.5 ± 34.1 234.5 ± 37.0 138.2 ± 28.1 74.0 ± 8.8
 Mean 307.4 ± 32.3 222.8 ± 50.3  150.0 ± 67.0*   83.9 ± 60.2†

 Data are expressed as mean ± SD in millimeters of mercury.
*p < 0.05.
†p < 0.01.
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then induced with a heating blanket. The core body 
temperature was regulated up to 41°C, and the GCR 
and GCF were recorded as described above at core 
body temperatures of 38°C, 39°C, 40°C, and 41°C.

At the end of the experiment, the subjects were 
euthanized by intravenous injection of a barbiturate 
drug. All of the procedures were performed under 
general anesthesia. The EMG measurement of the 
GCR and recording of the GCF were noninvasive. 
Therefore, no discomfort, distress, pain, or injury 
occurred during data collection. A total of 6 trials per 
temperature change provided sufficient data to im-
prove the signal-to-noise ratio. Each animal served 
as its own control, and the mean GCF recorded un-
der control conditions was analyzed and compared 
with the GCF recorded in protocols 2 and 3.

The data collected under each protocol were com-
pared to those of the control protocol with Student’s 
t-test to determine statistical significance. Statisti-
cal analysis was carried out with the SPSS for Win-
dows program (version 15). Descriptive statistics 
were carried out for all variables, including mean 
and standard deviation. The independent-samples 
Student t-test was used for statistical analysis of all 
parametric variables. A p value of 0.05 or less was 
considered significant, and a p value of 0.01 or less 
was considered highly significant.

RESULTS

The mean GCFs recorded in each subject for each 
protocol together with their standard deviations are 
shown in Tables 1 and 2. The mean GCF across all 4 
subjects in the control setting was 307.4 mm Hg. As 
hyperthermic conditions were created, we recorded 
increases in GCF to mean values of 469.7, 708.0, 

838.2, and 961.1 mm Hg at temperatures of 38°C, 
39°C, 40°C, and 41°C, respectively (Table 1). With 
100% assigned as the mean control value, hyper-
thermia caused relative increases in GCF to 152.7%, 
230.3%, 272.6%, and 312.6% of the control value 
at temperatures of 38°C, 39°C, 40°C, and 41°C, re-
spectively (Table 3). 

This increase in GCF from the control value was 
found to be statistically significant (p < 0.01). Fig-
ure 1 demonstrates the pattern of increase in GCF 
with rising core temperature levels in a given study 
subject.

TABLE 3. HYPERTHERMIA-INDUCED INCREASE IN
GLOTTAL CLOSING FORCE RELATIVE TO CONTROL

 Animal Control 38°C 39°C 40°C 41°C
 1 100% 178.2% 299.1% 313.9% 370.4%
 2 100% 127.3% 187.0% 230.9% 245.3%
 3 100% 127.2% 203.0% 240.9% 271.9%
 4 100% 188.3% 245.5% 319.6% 384.8%
 Mean 100% 152.7% 230.3% 272.6% 312.6%

Fig 1. Glottal closing force as recorded from Neuromax 
oscilloscope in given study subject with rising core body 
temperatures.



On the other hand, hypothermia reduced the mean 
GCF to 222.8, 150.0, and 83.9 mm Hg for tempera-
tures of 36°C, 35°C, and 34°C, respectively (Table 
2). Hypothermia reduced the mean GCF to 72.4%, 
48.7%, and 27.3% of the control value at tempera-
tures of 36°C, 35°C, and 34°C, respectively (Table 
4).

Again, the decrease in GCF from the control val-
ue was found to be statistically significant. Figure 2 
demonstrates the typical pattern of GCF reduction 
with decreasing core temperature levels in a given 
study subject.

DISCUSSION

The results of this study indicate that GCF in-
creases with a rise in core body temperature and that 
it decreases with a fall in core body temperature. 
Hyperthermia increased the mean GCF to 152.7%, 
230.3%, 272.6%, and 312.6% of the control value 
at temperatures of 38°C, 39°C, 40°C, and 41°C, re-

spectively, whereas hypothermia reduced the mean 
GCF to 72.4%, 48.7%, and 27.3% of the control val-
ue at temperatures of 36°C, 35°C, and 34°C, respec-
tively (Fig 3).

 Similar trends were reported by Haraguchi et al1 
in both pups and adult dogs. In their study, reflex 
latencies and thresholds were measured at temper-
atures of 36.8°C, 37.3°C, and 38.8°C, and thresh-
olds and latencies increased as core body temper-
atures decreased, whereas thresholds and latencies 
decreased as core body temperatures increased. The 
change in the GCR was attributed to temperature-
dependent effects on the velocity of both axonal and 
synaptic transmission. It is known that as core body 
temperature rises, axonal conduction velocity in-
creases.9 In terms of the Hodgkin-Huxley equations, 
the rate constants for sodium and potassium ion con-
ductance increase threefold for every 10°C increase 
in temperature, and decrease threefold for every 
10°C decrease.10 There is similar evidence that tem-
perature-dependent neuronal facilitation may ac-
count for enhancement of the GCR as the core body 
temperature rises and for diminishment of the GCR 
as the core body temperature falls.1 At neuromus-
cular junctions, transmission is found to be retarded 
at severe drops in temperature because of delayed 
and reduced release of neurotransmitter substance, 
which is thought to be released over a longer pe-
riod of time.11,12 Katz and Miledi11 and Takeuchi12 
showed that extreme cooling reduced the number of 
responses at the motor end plate under extreme ex-
perimental conditions, but others demonstrated that 
physiological temperature variation between 34°C 
and 40°C had no significant effect on muscle con-
traction.13-15 Therefore, we suggest that within the 
temperature ranges tested, the primary target struc-
tures leading to altered GCF are likely central in 
origin. Thus, hypothermia impairs or weakens the 
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TABLE 4. HYPOTHERMIA-INDUCED REDUCTION IN
GLOTTAL CLOSING FORCE RELATIVE TO CONTROL

 Animal Control 36°C 35°C 34°C
 1 100% 99.4% 86.1% 59.1%
 2 100% 48.9% 25.2% 17.2%
 3 100% 62.1% 40.1% 21.2%
 4 100% 84.8% 49.9% 26.7%
 Mean 100% 72.4% 48.7% 27.3%

Fig 2. Glottal closing force as recorded from Neuromax 
oscilloscope in given study subject with decreasing core 
body temperatures.

Fig 3. Mean glottal closing force at various levels of hy-
perthermia and hypothermia relative to controls.



GCR, leading to a reduced GCF and predisposing 
to the aspiration-related morbidities seen among pa-
tients with postanesthesia hypothermia and sedated 
inmates. On the other hand, hyperthermia causes a 
hypersensitive and exaggerated GCR, possibly pre-
disposing to obstructive apnea of sufficient magni-
tude and duration to lead to SIDS.

In conclusion, the GCR is a polysynaptic brain 
stem reflex that is sensitive to variations in core 
body temperature. Hyperthermia increases GCR 

ex citability, thus increasing the GCF. On the other 
hand, hypothermia impairs the GCR, thus reduc-
ing the GCF, by mechanisms that are attributed to 
changes in axonal conduction, synaptic transmis-
sion velocities, and central neuronal facilitation.

We hope that a better understanding of these as-
pects of glottal closure will alter the care of many 
postanesthesia patients and sedated inmates and will 
enhance preventive measures needed to decrease the 
incidence of SIDS.
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Management and Outcomes of Laryngeal Injuries in the
Pediatric Population 

Douglas Sidell, MD; Abie H. Mendelsohn, MD; Nina L. Shapiro, MD;
Maie St. John, MD, PhD 

Objectives: Pediatric laryngeal trauma is an uncommon event. The purpose of this study was to identify outcomes fol-
lowing surgical procedures for pediatric laryngeal trauma, and to provide an in-depth review of the literature.

Methods: The National Trauma Data Bank was utilized to identify pediatric laryngeal trauma incidents with admission 
years 2002 through 2006. Patient demographics, injury type, surgical procedures, hospital and intensive care unit dura-
tions, ventilator duration, and discharge disposition were abstracted.

Results: There were 69 laryngeal trauma incidents identified, with a median patient age of 12.8 years and an overall mor-
tality rate of 8.7%. Laryngeal injury was frequently blunt-force in nature (82.8%) and often occurred in conjunction with 
trauma to multiple organ systems (76.8%). Tracheotomy (16 procedures), laryngeal suturing (13 procedures), and laryn-
geal fracture repair (10 procedures) were the most frequent procedures identified. Laryngeal fracture repair was noted 
to increase the overall hospital duration (p = 0.040). The communication scores were affected only by tracheotomy (p = 
0.013). Surgical intervention did not significantly affect the frequency of home discharge.

Conclusions: Pediatric laryngeal trauma is an uncommon event that can be evaluated with the National Trauma Data 
Bank. Although patients who undergo laryngeal fracture repair appear to have an increased duration of hospitalization, 
patients who undergo tracheotomy or laryngeal suturing do not have increased durations of ventilator dependence, stay 
in an intensive care unit, or hospitalization.

Key Words: larynx, pediatrics, trachea, trauma.
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INTRODUCTION

Laryngeal injury is an uncommon event in the 
adult population. Injury to the pediatric larynx is ex-
ceptionally rare, and is thought to represent only a 
fraction of all cases of trauma to the neck.1,2 As a 
result, there remains a paucity of studies that objec-
tively evaluate pediatric laryngeal injuries and their 
management. With few exceptions, the vast major-
ity of data are obtained from retrospective series in-
volving adult patients. Adult data do not allow for 
the extrapolation of treatment algorithms for man-
agement of laryngeal injury in pediatric patients.3-5 
Management of pediatric laryngeal trauma patients 
is therefore highly variable between institutions, and 
differences in management decisions exist among 
treating physicians. As a result, attempts have been 
made to retrospectively analyze case series from 
large pediatric institutions, in an effort to enhance 
both the identification and management of these rare 
events. The present report utilizes the well-estab-
lished National Trauma Data Bank (NTDB) to gain 

insight into the management and outcomes of laryn-
geal injuries in the pediatric population.

METHODS

NATIONAL TRAUMA DATA BANK DATA SET

The current study was carried out with the NTDB, 
version 7.2, issued May 2010, Chicago, Illinois. The 
NTDB is an incident-based trauma repository main-
tained by the American College of Surgeons Com-
mittee on Trauma. The NTDB records trauma en-
counters from more than 900 trauma centers across 
the United States, and includes approximately 2.7 
million unique cases. The cases encompass an ad-
mission period from 2002 through 2006, and repre-
sent the most current 5-year research data set avail-
able. The NTDB remains the full and exclusive 
copyrighted property of the American College of 
Surgeons. The American College of Surgeons is not 
responsible for any claims arising from works based 
on our original data, text, or tables. This study was 
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exempt from Institutional Review Board approv-
al (UCLA Office for Protection of Research Sub-
jects).

The research data sets were downloaded and in-
corporated into a data management system (SAS 
version 9.1.3, Cary, North Carolina). The cases 
were then limited to incidents that included laryn-
geal trauma diagnoses. This was accomplished by 
filtering the cases with use of International Classi-
fication of Diseases, Ninth Revision, Clinical Mod-
ification (ICD-9-CM) codes for laryngeal trauma 
(807.5, 807.6, 874.00, 874.01, 874.10, 874.11). The 
data set was further limited to include patients less 
than 18 years of age, and included specific surgi-
cal interventions performed. Surgical interventions 
were coded through specific procedural descriptor 
codes. The index of descriptors were reviewed and 
subsequently grouped into 4 independent larynge-
al surgical interventions based on their associated 
procedure code(s). The surgical interventions used 
were Diagnostic Laryngoscopy (31.4); Tracheos-
tomy (31.1, 31.29, 31.74); Laryngeal Suture (31.6, 
31.61, 31.69, 31.71, 31.73, 31.75, 31.79); and La-
ryngeal Fracture Repair (31.64).

Several data points are included within the NTDB 
that describe the injury severity of each trauma inci-
dent. The registry directly codes for the mechanism 
of trauma: penetrating or blunt. For each trauma in-
cident, related diagnoses are recorded. The incidents 
that code for laryngeal diagnoses alone were record-
ed as “isolated injury”; all others were recorded as 
“multisystem injury.”

NEUROLOGIC SCALES AND TRAUMA INDICES

The Glasgow Coma Scale (GCS) is a neurolog-
ic scale commonly used to assess the level of con-
sciousness. The GCS is composed of 3 components 
(eyes, verbal, and motor) and is a 3- to 15-point 
scale on which 3 represents a comatose state and 
15 represents normal neurologic function. The GCS 
scores included in the present study represent the 
scores given on initial presentation in the emergen-
cy department.

The Injury Severity Score (ISS) is a validated 
measure predictive of morbidity and mortality based 
on anatomic injury.6 The ISS rates injury to each of 
6 anatomic sites on a 6-point scale, and the 3 highest 
scores are squared. The sum of the squared scores is 
the ISS and can range from 0 (no injury) to 75 (un-
survivable injury).

STATISTICAL ANALYSES

Hospital-Related Outcomes. The 3 dependent 
measures (ventilator dependence in days, intensive 

care unit [ICU] stay in days, and duration of hospi-
tal admission in days) were termed “hospital-related 
outcomes” and were subsequently evaluated for as-
sociation with the following independent variables: 
age, gender, mechanism of injury (blunt versus pen-
etrating), ISS, type of surgical intervention, time 
elapsed before surgical intervention, and GCS score 
on arrival.

Procedure-Related Outcomes. The types of surgi-
cal intervention (laryngeal suturing, laryngeal frac-
ture repair, and tracheotomy) were further evaluated 
for significant association with Functional Indepen-
dence Measure (FIM) Expression and FIM Swallow 
scores on discharge, as well as discharge placement 
(home versus rehabilitation facility, nursing home, 
or hospital transfer). The FIM scoring is based on an 
18-item ordinal scale, and provides assessment for 
independence under several circumstances, includ-
ing locomotion, social cognition, self-care, feed-
ing, and expression. Only FIM Expression and FIM 
Swallow were evaluated in this study.

Descriptive and analytic statistics were applied 
to compare the surgical groups to the overall co-
hort. The surgical groups were not exclusive, and 
as such, individual incident lines could be assigned 
to more than one surgical code. The cohort did not 
uphold normal distributions across dependent and 
independent variables. Demographic and clinical 
presenting differences were analyzed via Kruskal-
Wallis and Mann-Whitney U tests for continuous-
variable independent group comparisons, and via 
χ2 and Fisher exact tests for categorical variables as 
appropriate. The main dependent measures (ventila-
tor dependence, ICU duration, duration of hospital 
admission) were composed of count measures; in-
dividual data points were tallied for each variable, 
measured in days. Tests of normality demonstrated 

TABLE 1. PATIENT DATA

 Variable Data*
 Gender

  Male 54 (78.2%)

  Female 15 (21.8%)

 Extent of injury

  Isolated laryngeal injury 16 (23.2%)

  Multisystem trauma 53 (76.8%)

 Type of laryngeal trauma

  Blunt 57 (82.8%)

  Penetrating 12 (17.2%)

 Age (y)

  Range 12-17

  Mean 12.8

  SD 4.3
*Number of patients, except for age data.
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overdispersion for each dependent variable. There-
fore, negative binomial regression models were ap-
plied for each independent variable individually. 
Negative binomial regression is the test of choice 
when a count variable is encountered because of the 
inherent rightward skew of the data.7 Statistical sig-
nificance was defined as a p value of less than 0.05. 
Significant univariate variables were included with-
in multivariate regression models. The data were an-
alyzed with SPSS version 17.0 (Chicago, Illinois).

RESULTS

There were 69 individual pediatric laryngeal trau-
ma events identified from 2002 through 2006 in 
patients with a median age of 12.8 years (range, 2 
to 17 years; mean ± SD, 12.8 ± 4.3 years) and an 
overall mortality rate of 8.7%. The laryngeal trauma 

was frequently blunt force in nature (82.8%), was a 
component of multisystem trauma (76.8%), and was 
more frequently identified in male patients (Table 
1).

HOSPITAL-RELATED OUTCOMES

Univariate negative binomial regression models 
were created for each hospital-related outcome mea-
sure. These results are summarized below and can 
be seen in Table 2.

Neurologic Scales and Trauma Indices. A signifi-
cant association was demonstrated between the ISS 
and each of the 3 hospital-related outcomes (ventila-
tor dependence, p = 0.015; ICU duration, p = 0.010; 
and duration of hospital admission, p = 0.002), sug-
gesting that patients with a higher ISS have a pro-

TABLE 2. OUTCOMES

  Standard Lower Upper
 Beta Error 95% CI 95% CI p

Ventilator dependence (d)
 Age –0.022 0.0375 –0.095 0.052 0.560
 Male gender 0.651 0.5005 –0.330 1.631 0.194
 Glasgow Coma Scale score –0.099 0.0407 –0.179 –0.020 0.015*
 Blunt force trauma 0.973 0.6146 –0.232 2.177 0.114
 Injury Severity Score 0.047 0.0192 0.009 0.084 0.015*
 Laryngoscopy 0.794 0.3781 0.053 1.536 0.036*
 Tracheotomy 0.615 0.3975 –0.164 1.395 0.122
 Laryngeal suture 0.471 0.4333 0.379 1.320 0.277
 Fracture repair 0.648 0.4690 –0.272 1.567 0.167
 Hours to procedures (all surgeries combined) 0.005 0.0028 0.000 0.011 0.071
Intensive care unit duration (d)
 Age –0.031 0.0357 –0.101 0.039 0.382
 Male gender 0.635 0.3701 –0.090 1.360 0.086
 Glasgow Coma Scale score –0.058 0.0364 –0.130 0.013 0.110
 Blunt force trauma 0.304 0.4664 –0.610 1.218 0.515
 Injury Severity Score 0.036 0.0137 0.009 0.062 0.010*
 Laryngoscopy 0.467 0.2973 –0.115 1.050 0.116
 Tracheotomy 0.280 0.3261 –0.359 0.920 0.390
 Laryngeal suture 0.315 0.3478 –0.366 0.997 0.365
 Fracture repair 0.643 0.3776 –0.097 1.384 0.088
 Hours to procedures (all surgeries combined) 0.005 0.0027 –0.001 0.010 0.086
Hospital duration (d)
 Age –0.011 0.0317 –0.073 0.051 0.728
 Male gender 0.356 0.3272 –0.285 0.997 0.276
 Glasgow Coma Scale score –0.034 0.0322 –0.097 0.029 0.292
 Blunt force trauma 0.009 0.3573 –0.692 0.709 0.981
 Injury Severity Score 0.035 0.0114 0.013 0.057 0.002*
 Laryngoscopy 0.387 0.2613 –0.125 0.899 0.139
 Tracheotomy 0.509 0.3028 –0.085 1.102 0.093
 Laryngeal suture 0.268 0.3278 –0.374 0.911 0.413
 Fracture repair 0.738 0.3587 0.035 1.441 0.040*
 Hours to procedures (all surgeries combined) 0.004 0.0027 –0.002 0.009 0.192

*Significant (p ≤ 0.05).



longed hospital course. A significant negative cor-
relation was demonstrated between the GCS score 
on presentation and the duration of ventilator depen-
dence (p = 0.015).

Operative Intervention. A significant association 
was demonstrated between diagnostic laryngos-
copy and the duration of ventilator dependence (p 
= 0.036). In addition, laryngeal fracture repair was 
noted to be associated with an increased overall du-
ration of hospital admission (p = 0.040); we found no 
significant differences in ICU duration (p = 0.088) 
or ventilator dependence (p = 0.167). A statistically 
significant association between laryngeal suturing 
and the 3 hospital-related outcomes was not demon-
strated (ventilator dependence, p = 0.277; ICU dura-
tion, p = 0.365; hospital duration, p = 0.413).

Time Elapsed Before Operative Intervention. The 
association between the time elapsed before opera-
tive intervention and hospital-related outcomes was 
not statistically significant (ventilator dependence, p 
= 0.071; ICU duration, p = 0.086; hospital duration, 
p = 0.192).

PROCEDURE-RELATED OUTCOMES

Functional Independence Measures. Patients who 
underwent tracheotomy were noted to have statisti-
cally significant reduction in FIM Expression scores 
(p = 0.013). There was not a significant difference 
in FIM scores for patients who underwent laryngeal 
suturing (p = 0.70) or laryngeal fracture repair (p 
= 0.41). The FIM Swallow scores were not signifi-
cantly reduced for any patient group (tracheotomy, p 
= 0.86; laryngeal suturing, p = 0.54; laryngeal frac-
ture, p = 0.72).

Discharge Placement. All patients who underwent 
a surgical intervention were discharged home, with 
the exception of 2 patients who underwent tracheot-
omy. A statistically significant association between 
discharge placement and tracheotomy was not dem-
onstrated (tracheotomy, p = 0.37; laryngeal suturing, 
p = 0.27; laryngeal fracture repair, p = 0.38).

DISCUSSION

Laryngeal injury is an uncommon event in all 
populations and is exceptionally rare in pediatric 
patients.1,2 Of the 1.9 million trauma cases from the 
NTDB in this report, there were 633 laryngeal trau-
ma events recorded. Of these events, only 69 cases 
(0.0036%) involved a pediatric laryngeal injury. It 
should be noted that these numbers are biased by 
the structure of the data bank, as contributing cen-
ters vary broadly across the United States, and not 
all patients and injuries are accounted for with this 
system. With this in mind, laryngeal trauma remains 

an exceedingly rare occurrence in the pediatric pop-
ulation, thereby making the study of outcomes and 
management a difficult endeavor. In the past, at-
tempts have been made to combine adult and pe-
diatric laryngeal trauma events for similar data col-
lection purposes.8 Unfortunately, the extrapolation 
of management and outcomes principles from adult 
laryngeal fracture data to the pediatric population is 
fraught with inaccuracy. Pediatric patients’ larynge-
al anatomy, patient exposures, and common mecha-
nisms of laryngeal injury are unique.9,10 These fac-
tors thus lead to disparities between pediatric and 
adult populations in considering location of injury, 
event frequency, and postinjury complications. Such 
dissimilarities must be recognized and understood 
in caring for young individuals. Consolidation of la-
ryngeal fracture events with an established data bank 
is one method by which these uncommon events can 
be effectively investigated.9

ANATOMIC CONSIDERATIONS

In contrast to the adult larynx, the pediatric lar-
ynx resides at the level of the fourth cervical ver-
tebra, thereby remaining largely protected by the 
mandible. The pediatric laryngeal skeleton is also 
comparatively elastic, and is surrounded by pliable 
soft tissues.1,10-13 Being the last structure in the la-
ryngeal framework to ossify, the laryngeal cartilage 
has a tendency to splay when strained, rather than 
fracture.14 Although this propensity for flexion in 
lieu of fracture is in many ways protective, there re-
mains an increased risk of vocal fold avulsion at the 
anterior commissure under certain circumstances. 
This structural tendency was noted by Bloom et al11 
in their 2001 report; this mechanism of injury was 
drawn from 1 case, and should be considered after 
significant anterior blunt trauma. The loose associa-
tion between the submucosal tissues surrounding the 
larynx and the laryngeal perichondrium is unique to 
pediatric patients, and is a recognized predisposition 
for edema or posttraumatic fluid collection in young 
patients.2,15

EPIDEMIOLOGICAL FINDINGS

From a circumstantial standpoint, limitations in 
exposure to some of the more frequent mechanisms 
for blunt laryngeal trauma spare the pediatric popu-
lation from injury. Specifically, motor vehicle colli-
sions (MVCs) are one of the most common circum-
stances under which nonpenetrating laryngeal injury 
occurs in all populations. Pediatric patients are in-
herently involved in fewer MVCs than are adults, 
and bicycle injuries, clothesline injuries, and falls 
onto objects are more frequent etiologic mecha-
nisms.1,16,17 Unfortunately, as emphasized by Woot-
ten et al5 in their review, the incidence of MVC-asso-
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ciated pediatric laryngeal injury is rising in concert 
with an increasingly mobile society. Regardless, the 
incidence of pediatric laryngeal trauma secondary to 
MVCs is several orders smaller than that seen in the 
adult population, again leading to the overall infre-
quency of such injuries.5,11

Among all pediatric trauma events, boys are more 
frequently treated for injuries in pediatric emergen-
cy departments in the United States. After 2 years of 
age, boys are more actively involved in pursuits that 
place them at greater risk for injury. This male pre-
ponderance in such activities becomes more notable 
as children approach adolescence.8,9 In considering 
laryngeal injuries, the present study demonstrated 
similar findings. Pediatric patients with either pene-
trating or blunt laryngeal injuries were more fre-
quently boys (78.2%), with an average age of 13 
years. All patients with laryngeal injuries were more 
than 2 years of age (Table 1). Neither age nor gender 
influenced the hospital-related outcomes (Table 2). 
Last, the overall mortality rate of 8.7% seen in this 
study is consistent with rates in the literature.10

BLUNT AND PENETRATING TRAUMA

Although penetrating neck injuries are more fre-
quently encountered than blunt trauma to the neck, 
blunt-force mechanisms are more commonly asso-
ciated with injury to the larynx.1,5,11,18 Direct com-
pression of the laryngeal skeleton against the cer-
vical vertebrae after blunt trauma has the potential 
to result in tracheal transection, esophageal tears, or 
damage to the recurrent laryngeal nerve.4 Compres-
sion of the cervical trachea on the dashboard of a 
vehicle during an MVC is a frequently cited mecha-
nism of such injuries. Because of the high level of 
kinetic energy frequently associated with this event, 
the larynx can be severely injured despite minimal 
external evidence of trauma. Rapid deceleration in-
juries may also cause shearing avulsion of the air-
way, and blunt trauma to the chest has the ability 
to cause longitudinally oriented membranous lacer-
ations of the trachea.11,12,19 Not surprisingly, blunt 
trauma to the neck is often associated with trauma to 
other organ systems; injuries to the larynx, despite 
their severity, may remain elusive at presentation or 
may become overshadowed by more evident periph-
eral injuries.1,4,12,20 This trend is consistent with the 
findings of the present study, which demonstrated 
multi–organ system involvement in 76.8% of pa-
tients who had a diagnosed laryngeal injury. A high 
index of suspicion remains paramount.

Penetrating injuries to the neck are becoming 
a more frequent occurrence in the urban pediatric 
population. This increase has been attributed to in-
creases in accessibility to firearms and, subsequent-

ly, firearm violence.15,21 Other common mechanisms 
include dog bites and falls onto objects. When the 
larynx is involved in a penetrating injury, acute air-
way compromise is a distinct possibility. In a 2003 
review of non-intracranial fatal gunshot wounds, 
5.6% involved the larynx; 50% of trauma patients 
in the study had multiple-organ involvement.22 This 
finding again underlines the importance of taking 
into account the airway in a patient with trauma to 
multiple organ systems, and impending compromise 
must be identified and managed early.

The present review did not identify a significant 
association between trauma mechanism (blunt ver-
sus penetrating) and the duration of ICU care (p = 
0.515), duration of hospital admission (p = 0.981), 
or duration of ventilator dependence (p = 0.114; Ta-
ble 2). Similar findings were presented in a 1995 
report by Ford et al,1 in which 23 patients admit-
ted to the Children’s Hospital of Pittsburgh with 
blunt and penetrating neck injuries were reviewed. 
In these patients, only 9 blunt injuries were iden-
tified; however, blunt trauma was more frequently 
associated with laryngeal injury. Because of this as-
sociation, all blunt injuries to the neck in their study 
required intervention for laryngeal injury, and 2 in-
juries proved fatal. In another study, neck injuries 
secondary to blunt mechanisms were more likely to 
be symptomatic on arrival, require tracheotomy, and 
have longer ICU and hospital stays.23 In contrast, 
nearly all penetrating injuries were managed expec-
tantly, and specific laryngeal injuries were not iden-
tified.23 A critical difference between the current 
study and that by Ford et al1 is our use of laryngeal 
injury as a criterion for inclusion in this review; all 
patients had a diagnosed laryngeal injury. Whereas 
we failed to demonstrate a significant difference in 
hospital-based outcomes between penetrating and 
blunt laryngeal injuries, the penetrating neck inju-
ries presented by Ford et al1 did not necessarily in-
volve the larynx.

PATIENT PRESENTATION

The variability in symptoms between patients 
upon presentation leads to diagnostic dilemmas in 
assessing and treating pediatric laryngeal injuries. 
It is critical to understand that patients may present 
with few symptoms despite significant injury.4,14 As 
a result, laryngeal injury should be suspected in all 
pediatric patients who have suffered any neck trau-
ma.11 Respiratory distress, dysphagia, hemoptysis, 
stridor, and subcutaneous emphysema all suggest 
laryngeal injury. Other signs, such as neck ecchy-
moses, inflammation, loss of the laryngeal promi-
nence, or hyoid elevation, should raise the level 
of suspicion for laryngeal injury.1,11,12,24 Caution 
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should be exercised in the presence of suspected la-
ryngeal injury during palpation of the airway, so as 
not to collapse fractured cartilage. Aggressive mask 
ventilation should be avoided.4,12

Despite the presence or absence of these symp-
toms, it is respiratory distress, as emphasized by 
Schaefer,24 that is the only factor previously demon-
strated to correlate with the severity of laryngeal in-
jury.5,24 Echoing this important fact, Wootten et al5 
described 3 patients with partial or complete laryn-
gotracheal separation with isolated respiratory dis-
tress, in the absence of subcutaneous air, aphonia, or 
ecchymoses. Signs and symptoms that are specifi-
cally suggestive of laryngeal injury are not includ-
ed in the data extrapolated from the NTDB in this 
study. Other trauma-related indices, however, in-
cluding prognostic indicators such as the GCS score 
and the ISS, were evaluated here. It is not surpris-
ing that a negative correlation exists between ven-
tilator dependence and GCS scores on arrival (p = 
0.015), and it supports the prognostic reliability of 
the GCS. This association occurred in concert with 
a positive correlation between the ISS upon presen-
tation and all hospital-related outcomes (ventilator 
dependence, p = 0.015; ICU duration, p = 0.010; and 
hospital duration, p = 0.002).

AIRWAY MANAGEMENT

The fact that management of patients with sus-
pected laryngeal trauma is variable between institu-
tions and practitioners highlights the absence of ade-
quate management standards for these individuals. 
Current protocols are primarily applicable to adult 
patients, and recommendations for pediatric patients 
remain debatable.5,24 Among the more well-estab-
lished guidelines for suspected pediatric blunt laryn-
geal injuries are those outlined by Gold et al2 in their 
1997 report. The algorithm presented emphasizes the 
importance of a controlled airway. The authors rec-
ommended tracheotomy in the operating room after 
securing the airway with a bronchoscope in a spon-
taneously ventilating patient.2,24,25 Interestingly, in a 
1999 analysis of 392 adult laryngeal trauma patients 
by Jewett et al,26 tracheotomy was associated with a 
prolonged hospital course and an increased mortal-
ity rate. In contrast, unpublished adult data at our in-
stitution fail to show this association. Similarly, the 
present study failed to establish an association be-
tween tracheotomy placement and days of ventila-
tor dependence (p = 0.122), number of ICU days (p 
= 0.390), or number of hospital days (p = 0.093) for 
pediatric laryngeal trauma patients. Although these 
results may seem reassuring, they are potentially in-
fluenced by factors that are not taken into account 
by this data bank. For example, factors leading to a 

prolonged hospital stay for a patient who does not 
require a tracheotomy, or those leading to the rap-
id decannulation and discharge of a patient after a 
very brief period with a tracheotomy, may influence 
these results and are potentially misleading. Regard-
less, it remains our opinion that with rare exceptions, 
tracheotomy is the intervention of choice for air-
way stabilization in the pediatric laryngeal trauma 
patient. This allows the practitioner to avoid further 
concomitant injuries such as the creation of a false 
passage or increased mucosal edema, thereby avoid-
ing the rapid destabilization of an already tenuous 
airway. The decision to perform a tracheotomy re-
mains dependent on an assessment of airway stabil-
ity in each individual, and should not be avoided on 
the basis of preemptive concerns about prolongation 
of hospital or ICU stay or ventilator dependence.

PATIENT EVALUATION

After evaluation and management of the airway, 
laryngeal injuries always require further assessment. 
Any of the 3 primary functions of the larynx — air-
way, speech, and swallowing — may be involved 
during a laryngeal injury.5,18 Panendoscopy may be 
performed in the operating room if bronchoscopy or 
tracheotomy is performed. In a patient in stable con-
dition without respiratory distress, bedside flexible 
fiberoptic laryngoscopy is also of great utility. Pa-
tients without evidence of progression after 24 to 48 
hours who remain asymptomatic may be relatively 
safely discharged.2 Quesnel and Hartnick18 recom-
mended using a distal-chip flexible laryngoscope 
for added image clarity after traditional flexible fi-
beroptic laryngoscopy. Improved image clarity al-
lows for the detection of subtle laryngeal injuries 
such as arytenoid displacement or hematoma, and 
played a significant role in improving diagnostic ac-
curacy in their series.

The utility of imaging in the diagnosis of larynge-
al injury is debatable. It is never recommended be-
fore the evaluation and management of the airway, 
and is only performed in patients who are in stable 
condition. A computed tomographic scan of the neck 
and chest provides the best information for the eval-
uation of potential injuries to the larynx, and is most 
useful for the identification of fractures and fluid 
collections. It is recommended when the patient is 
not deemed likely to need an operation by any oth-
er findings on examination yet an occult larynge-
al injury is suspected.18,27,28 Furthermore, Gold et 
al2 emphasized that a computed tomographic scan 
should be used only for patients whose management 
course may be determined by its results. In addition, 
negative study results do not ensure the absence of 
injury. Wootten et al5 highlighted 2 patients who 
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had negative results of radiographic evaluations but 
had significant laryngeal injuries diagnosed by la r-
yngoscopy. These patients were followed by endos-
copy without subsequent airway compromise or re-
quirement for further intervention.5

OPERATIVE INTERVENTION

After a preliminary evaluation of the upper air-
way, evidence of laryngeal injury frequently requires 
further intervention. Controversy also exists with 
regard to the optimal treatment strategies for pedi-
atric laryngeal wounds. Although created for adult 
patients, the classification of blunt laryngo tracheal 
injury developed by Fuhrman et al29 (Table 3) is fre-
quently used to characterize pediatric laryngeal in-
juries, and is then used to institute appropriate treat-
ment.5,11,28,29 Patients with minor laryngeal injuries 
or nondisplaced fractures (groups I and II), are often 
managed nonoperatively with humidified oxygen, 
serial examinations, and short-course systemic ste-
roid therapy when appropriate. Patients with group 
II to V injuries frequently undergo endoscopic eval-
uation, with or without further intervention. In the 
present study, when we controlled for trauma sever-
ity and laryngeal injury diagnosis, the requirement 
for laryngoscopy was associated with an increased 
duration of ventilator dependence (p = 0.036). This 
is likely a reflection of subtle differences between 
laryngeal injuries that are not accounted for by the 
NTDB but nevertheless contribute to the decision to 
evaluate the patient with laryngoscopy.

Operative repair is frequently performed for large 
mucosal lacerations, cartilage exposure, displaced 
fractures, involvement of the free margin of the true 
vocal fold or anterior commissure, or involvement 
of the cricoarytenoid joint.11 Quesnel and Hart-
nick18 advocated observation for minor larynge-
al edema and for minor lacerations of the mucosa 
without involvement of the free margin of the vo-
cal fold. Subcutaneous emphysema, shortness of 
breath, and hemoptysis are not frequently present in 
a patient with minor injuries.18,29 In the absence of 
these findings, surgery should be performed for any 
injury for which resolution independent of interven-
tion is unlikely.

Quesnel and Hartnick18 stressed the potential vari-
ability in laryngeal injuries, and suggested a surgi-
cal approach that is tailored to the individual child. 
Open approaches to laryngeal trauma have been ad-
vocated for injuries in which avulsion of the true vo-
cal fold is severe, visualization is inadequate with an 
open approach, or the laryngeal skeleton has severe 
or displaced fractures.18,23 In addition to primary 
open repair of laryngeal injuries, the placement of 

stents has been advocated by some as a component 
of the management of severe laryngeal framework 
injuries. Stents are generally short-term adjuncts to 
primary surgical repair.30

In the present study, the decision to perform laryn-
geal fracture repair was associated with an increased 
duration of hospital stay (p = 0.040). Although this 
association occurred in the absence of a significant 
increase in the duration of ICU care or of ventila-
tor dependence, it is suggestive of more significant 
injury when all other factors are held constant. As 
previously mentioned, the NTDB utilizes data mea-
sures such as the presence or absence of laryngeal 
fracture repair, and the complexities of each injury 
are lacking. As a result, 2 cases tallied as involving 
“laryngeal fracture” may look similar on the data 
set but have unregistered subtleties that justify frac-
ture repair for only 1 of the individual patients. For 
this reason, the findings of increased hospital dura-
tion associated with laryngeal fracture repair may 
be misleading; the NTDB does not account for the 
subtle differences between laryngeal fractures and 
the specific treatment required for each. Laryngeal 
injuries are highly variable, and in accordance with 
the recommendations of Quesnel and Hartnick,18 
they should be approached on a patient-by-patient 
basis.11

Improvements in endoscopic techniques and tech-
nology have allowed for the treatment of an increas-
ing number of complex laryngeal injuries without an 
open approach. The success associated with endo-
scopic management is highly dependent on the com-
fort and preference of the individual practi tioner, in 
addition to the specific characteristics of the laryn-
geal injury. Postoperative morbidity and recovery 
time have been shown to be reduced when endo-
scopic techniques are appropriately utilized.14,18 As 
discussed by Shires et al14 in their 2011 report, en-
doscopic approaches have proven successful in the 
management of large posterior commissure lacera-
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TABLE 3. CLASSIFICATION OF BLUNT
LARYNGOTRACHEAL INJURIES BY FUHRMAN ET AL29

 Group Characteristics

 I Minimal or no compromise; minor endolaryngeal
  hematoma; no fractures
 II Endolaryngeal hematoma or edema associated with
  compromised airway; nondisplaced fracture on
  computed tomographic scan; minor mucosal
  lacerations without cartilage exposure
 III Massive endolaryngeal edema with airway
  obstruction; mucosal tears and cartilage exposure;
  immobility of vocal fold(s)
 IV Same as grade III with more than 2 fracture lines
  on imaging; massive endolaryngeal derangement
 V Laryngotracheal separation



tions and complete anterior commissure avulsion; 
tracheotomy is potentially avoided. In contrast, 
more-severe laryngeal injuries and most laryngeal 
fractures sustained via blunt-force mechanisms fre-
quently require open repair.14,15 In addition, evi-
dence of occult or overt laryngeal fracture on endo-
scopic evaluation may stimulate an open surgical ex-
ploration to further evaluate the extent of injury.2,5,11 
Last, although delayed repair of laryngeal injury is 
advocated under certain circumstances, early frac-
ture stabilization has been associated with improved 
airway quality and voice. Speech abnormalities after 
open laryngeal repair are not infrequent.5,11,23,30,31

The current study did not demonstrate a signifi-
cant association between the amount of time elapsed 
before surgical intervention and the number of total 
hospital days (p = 0.192), ICU days (p = 0.086), or 
ventilator days (p = 0.071). In addition, communi-
cation function upon discharge was not significant-
ly inhibited according to FIM Expression scores or 
FIM Swallow scores for patients who underwent 
laryngeal suturing or laryngeal fracture repair. Pa-
tients who underwent tracheotomy had expected-
ly lower FIM Expression scores at the time of dis-
charge (p = 0.013). The FIM Swallow scores were 
not significantly reduced for any patient group, in-
cluding those who underwent tracheotomy.

Unfortunately, the communication function mea-
sure included by the NTDB was designed by the 
American Academy of Physical Medicine and Re-

habilitation as a neurologic assessment of function 
after injury to the central nervous system.32 The 
FIM is a multifaceted assessment scale based on 
several measures of independence. It is therefore 
a crude measure of communication or swallow in-
dependence, and lacks the detailed analysis of such 
systems to which otolaryngologists are accustomed. 
As a result, although the communication function of 
pediatric patients who have undergone tracheotomy 
is expectedly diminished, as demonstrated here, fur-
ther limitations in phonation and swallow function 
are likely present in some patients after repair of la-
ryngeal injury.

CONCLUSIONS

Laryngeal trauma in a pediatric patient is an ex-
ceedingly rare event. This study serves to assess the 
NTDB as a means by which these infrequent inju-
ries can be evaluated. Although patients who under-
go laryngeal fracture repair appear to have an in-
creased duration of hospitalization, patients who un-
dergo tracheotomy or laryngeal suturing do not have 
an increased duration of ventilator dependence, ICU 
care, or hospitalization. Regardless of intervention, 
operative repair (tracheotomy, laryngeal suturing, 
laryngeal fracture repair) does not appear to affect 
home discharge. Because deficiencies in the data 
bank exist, future data collection should be tailored 
to more accurately assess the functional outcomes of 
pediatric laryngeal trauma patients.
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The Ram Sign: Detecting Previously Undiagnosed
Congenital Laryngeal Clefts in Adults

Philip A. Weissbrod, MD; Andrew Inglis, MD; Albert L. Merati, MD

Objectives: We present the clinical characteristics of a case series of adult patients with type III laryngeal clefts accord-
ing to the classification of Benjamin and Inglis, in an attempt to make practitioners aware of the “ram sign,” a clinical 
finding associated with laryngeal clefts in adults. Laryngeal clefts are uncommon defects that are nearly universally 
identified during infancy as a result of persistent aspiration and pneumonia. Undiagnosed laryngeal clefts in adults are 
extremely rare.

Methods: Three type III laryngeal clefts were identified in adults (29, 48, and 60 years of age) from one clinic over an 
18-month period. The existing literature features only one type III cleft, to our knowledge. The 60-year-old patient repre-
sents the oldest person in the English-language literature to have a newly diagnosed laryngeal cleft. All three cases pre-
sented with various degrees of aspiration over an extended period.

Results: The computed tomographic imaging and endoscopic findings from these three patients were reviewed. The vid-
eolaryngoscopic images demonstrated that the “ram sign” — an endoscopic finding associated with redundant soft tissue 
overlying the arytenoid cartilages that prolapses into the cleft, creating the appearance of ram’s horns — was a consistent 
and striking feature in all three patients.

Conclusions: Although rare, laryngeal clefts may represent an underdiagnosed entity in the adult population. With in-
creased awareness, they may be identified more frequently as a treatable cause of aspiration and recurrent pneumonia.

Key Words: adult, aspiration, endoscopy, laryngeal cleft, pneumonia, ram sign.

99

From the Division of Otolaryngology–Head and Neck Surgery, Department of Surgery, University of California San Diego Health 
System, San Diego, California (Weissbrod), and the Division of Pediatric Otolaryngology, Seattle Children’s Hospital (Inglis), and the 
Division of Laryngology, Department of Otolaryngology, University of Washington (Merati), Seattle, Washington.
Presented at the meeting of the American Broncho-Esophagological Association, Chicago, Illinois, April 27-28, 2011.
Correspondence: Albert L. Merati, MD, Dept of Otolaryngology–Head and Neck Surgery, University of Washington, 1959 NE Pacific 
St, Box 356515, Seattle, WA  98195.

INTRODUCTION

Laryngeal clefts are rare congenital defects that 
are typically identified early in life because of the 
significant associated morbidity and mortality. The 
cleft is a communication between the endolarynx 
and the hypopharynx that can extend to also create a 
tracheoesophageal communication. The severity of 
symptoms correlates to the length of the laryngotra-
cheoesophageal communication and the disruption 
of normal anatomic structures. 

Characteristic signs and symptoms in infants in-
clude stridor, hoarse cry, dysphagia, cough, cyanosis 
during feeding, aspiration, and recurrent pneumonia. 
A number of classification systems have been creat-
ed.1-3 The most commonly used today is the clas-
sification system of Benjamin and Inglis,4 which is 
based on the caudal extent of the defect. A type I 
cleft defect is isolated to the intra-arytenoid region 
above the level of the vocal folds, type II extends 
into the cricoid cartilage, type III extends entirely 
through the cricoid cartilages, and type IV extends 

beyond the thoracic inlet.4

Laryngeal clefts in adults are exceedingly rare.5 
We were able to identify only a single adult case of 
a type III laryngeal cleft in the English-language lit-
erature.6 In the current series, we pre sent three cases 
of type III laryngeal clefts in adult patients identi-
fied over an 18-month period from a single univer-
sity-based laryngology clinic. All three patients had 
medical histories and symptom profiles that were 
less morbid than would be expected for individuals 
with type III clefts. In addition, we have assigned 
new terminology, the “ram sign,” to the characteris-
tic appearance of the prominent intra-arytenoid cleft 
noted in all three patients.

METHODS

This is a retrospective case review of three adult 
patients with type III laryngeal clefts seen at the Uni-
versity of Washington Medical Center Laryngology 
Clinic. Patient histories and computed tomograph-
ic (CT), videostroboscopic, and swallowing evalu-
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Fig 1. (Patient 1) Oblique view from modified barium 
swallow study with thin liquids shows aspiration of con-
trast material into trachea. Anterior spinal fusion plate 
and screws are also present. 

Fig 2. (Patient 1) Intake sheet. 

Fig 3. (Patient 1) Flexible laryngoscopy with videostroboscopy. A) Redundant soft tissue in posterior glottis during 
adduction. B) Adduction of vocal folds during phonation, laryngeal cleft, and escape of air in postcricoid region.

ations are presented. This study was approved by 
the University of Washington Institutional Review 
Board, and all patients gave appropriate consent for 
inclusion in the study.

Patient 1. A 60-year-old man was referred from a 
foregut surgeon for a suspected tracheoesophageal 
fistula seen on an esophagogram (Fig 1). This study 
showed significant aspiration with thin liquids. On 
the patient’s intake form, he noted that he had been 
having problems with liquid aspiration since infan-
cy (Fig 2), but that there was no previous description 
or characterization of the defect. He denied short-
ness of breath, noisy breathing, any history of pneu-
monia, or cervical trauma. The patient did swallow 
most liquids with a midline chin-tuck, a habit he had 
developed himself. Other medical issues included 

hypertension, diabetes, transient ischemic attacks, 
obstructive sleep apnea, diverticulitis, and knee ar-
th ritis. He also had previously undergone parotidec-
tomy and anterior cervical fusion.

On physical examination, the patient was noted to 
be hoarse and at times to have a breathy voice. Flex-
ible laryngoscopy with videostroboscopy revealed 
normal adduction and abduction bilaterally. Strobo-
scopic examination showed a normal vibratory ca-
pacity of the true vocal folds with some mild vol-
ume loss and bowing bilaterally leading to an ante-
rior glottic gap. Also noted was a horseshoe-shaped 
epiglottis and narrow, foreshortened aryepiglottic 
folds. A bilateral soft-tissue prominence projecting 
into the posterior glottic airway and a midline cleft 
were identified in the intra-arytenoid region (Fig 
3A). Air was observed escaping through the postcri-
coid region intermittently throughout the examina-
tion (Fig 3B). A laryngeal cleft was suspected; addi-
tional workup included a noncontrast CT scan (Fig 
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4) that revealed a cricoid cartilage that was incom-
pletely fused in the posterior midline.

The patient opted for surgical intervention and 
underwent laryngofissure with multilayered re-
pair of the fistula and stent placement, which was 
successful in closing the midline defect (Fig 5A). 
A postoperative swallow examination at 9 months 
showed only intermittent trace aspiration (Fig 5B). 
The patient’s clinical improvement was substantial; 
his cough nearly completely resolved. The patient 
reported improved sleep; however, no formal poly-
somnography was performed. 

Patient 2. A 48-year-old woman presented with 
a long history of progressive shortness of breath, 
dysphagia, cough, and hoarseness. As an infant, the 
patient had undergone tracheotomy for reasons un-
known to her or anyone in her family; she was ul-
timately decannulated. She was unable to provide 
any further history or medical documentation. She 
denied any history of aspiration or pneumonia. She 
had been referred to our clinic for evaluation of 
cough. She had been otherwise healthy, and a re-
view of systems was only significant for cold intol-

erance and joint pain.

On examination, the patient was noted to have 
some mild audible stridor on deep inspiration. Flex-
ible laryngoscopy with videostroboscopy revealed 
normal adduction and abduction, with a small an-
terior glottic gap noted during maximal adduction. 
In the posterior glottis, redundant tissue was noted 
during normal respiration (Fig 6A), and a midline 
glottic cleft became more apparent during cough 
and gagging (Fig 6B). A laryngeal cleft was sus-
pected; a noncontrast CT scan showed incomplete 
fusion of the cricoid cartilage in the posterior mid-
line (Fig 7). 

After discussion, the patient opted for endoscop-
ic repair. After exposure of the cleft via direct lar-
yngoscopy, the margins of the cleft were resected 
endoscopically with cold instrumentation, and flaps 
were sutured in a two-layer closure with 6.0 absorb-
able suture.7,8 The patient had significant postopera-
tive improvement of cough and airway symptoms, 
but only modest improvement of dysphagia.

Patient 3. A 29-year-old woman presented with a 
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Fig 4. (Patient 1) Computed to-
mographic (CT) scans show in-
complete fusion of posterior cri-
coid cartilage. A) Coronal view. 
B) Axial view.

Fig 5. (Patient 1) Postoperative 
images. A) Flexible laryngosco-
py following laryngofissure and 
closure of cleft. B) Sagittal view 
from postoperative modified bar-
ium swallow study with thin liq-
uids. Again, anterior spinal fu-
sion plate is visualized. Only 
scant contrast material is visual-
ized within subglottic trachea. 
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1-month history of throat tightness and reflux symp-
toms that began during the seventh month of her sec-
ond pregnancy. The reflux symptoms resolved with 
medication; however, the throat tightness persisted. 
She denied dysphagia, odynophagia, voice changes, 
stridor, or shortness of breath. She had no history 
of laryngeal or cervical trauma or prior intubation. 
She had a lifetime history of noisy breathing during 
inspiration, mild aspiration with liquids, recurrent 
bronchitis, and two episodes of pneumonia. Other 
medical history was limited to Graves’ disease treat-
ed with radioactive iodine 6 years earlier. The re-
mainder of her medical history, surgical history, and 
a review of systems yielded no significant findings. 
She was seen by an outside otolaryngologist, who 
referred the patient to our clinic for evaluation of a 
subglottic mass.

On examination, videostroboscopy revealed nor-
mal adduction and abduction of the vocal folds, 
complete closure during phonatory tasks, and a nor-
mal appearance of the mucosal wave on strobosco-
py. An irregular mass of tissue was noted in the in-
trarytenoid region, with soft-tissue redundancy ex-
tending into the subglottic airway. The redundant 
soft tissue acted as a ball valve during inhalation and 

exhalation; this became particularly apparent during 
inhalational phonation. Also noted was a midline 
division between the arytenoid complexes that ap-
peared cleft-like (Fig 8). A laryngeal cleft was sus-
pected, and a CT scan revealed incomplete fusion 
of the entire posterior midline cricoid cartilage (Fig 
9).

After extensive discussions, the patient opted 
not to pursue surgical repair because of social cir-
cumstances. We have subsequently evaluated her 
in our clinic and plan to follow her longitudinally 
with yearly pulmonary function testing to ensure 
that chronic soiling of the trachea is not creating any 
lasting pulmonary deficits. 

DISCUSSION

Laryngeal clefts, even in the pediatric population, 
are an exceedingly rare entity. In a review of 2,338 
direct laryngoscopic examinations in children over 
a 5-year period at Children’s Memorial Hospital in 
Chicago, Moungthong and Holinger9 identified only 
7 cases (0.3%). Similarly, Cameron and Williams10 
reviewed 2,000 pediatric autopsies and identified 
only 4 clefts. Some authors estimate the incidence to 
be 1 per 10,000 to 20,000 live births.11 Clefts appear 
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Fig 6. (Patient 2) Flexible laryngoscopy with videostroboscopy. A) Redundant soft tissue in posterior glottis.  
B) Clear visualization of intra-arytenoid area communicating with hypopharynx during strong cough.

Fig 7. (Patient 2) CT scans show 
incomplete fusion of posteri-
or cricoid cartilage. A) Coronal 
view. B) Axial view.
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Fig 9. (Patient 3) CT scans show 
incomplete fusion of posterior cri-
coid cartilage. A) Coronal view. 
B) Axial view.

Fig 8. (Patient 3) Flexible laryngoscopy with video-
stroboscopy shows redundant soft tissue in posterior 
glottis.

more commonly in male patients (5:3) and can be 
associated with other congenital malformations of 
the genitourinary, respiratory, gastrointestinal, and 
cardiovascular systems.12

There have been sporadic reports in the litera-
ture of late presentations of less-severe laryngeal 
clefts.13,14 In the only previously documented case 
of a type III cleft in an adult, the patient had more 
than 100 bouts of pneumonia by 24 years of age.6 
Given the constellation of severe symptoms and 
morbidities typically associated with advanced la-
ryngeal clefts, it is surprising that the patients in this 
series were able to live relatively unaffected lives 
for such a long period. Common to each of the pre-
sented cases in our series was a history of mild aspi-
ration with some degree of respiratory involvement, 
ranging from shortness of breath to recurrent bron-
chitis. Surprising in all of the case histories was an 
absence of the recurrent pneumonia that would have 
been expected of individuals with communication 
between the esophagus and trachea.

On examination, each individual had unusual re-
dundancy of soft tissue that prolapsed between the 
arytenoid cartilages, creating a characteristic pattern 

bearing a striking resemblance to a ram’s horns (Figs 
3A, 6A, and 8). Given this characteristic appearance 
in each of the three cases, which seems to be unique 
to advanced laryngeal clefts, we have adopted “ram 
sign” as a descriptive term.

When a laryngeal cleft was suspected in each pa-
tient, a CT scan was critical in confirming the cleft 
and differentiating a type III from a type II cleft by 
documenting the complete lack of fusion of the pos-
terior cricoid cartilage. In two patients, this finding 
was also confirmed via microdirect laryngoscopy. 
Of the two patients in this series who underwent sur-
gery, the patient treated with laryngofissure and di-
rect repair appears to have had a better outcome than 
the patient treated with endoscopic surgery; howev-
er, drawing any solid conclusions about the mode of 
repair from this experience is limited by the small 
sample size. 

Also, in considering this series, other sources of 
laryngeal defects must be entertained. A history of 
cervical trauma, laryngeal trauma, intubation, or 
prior laryngeal and tracheal instrumentation is of 
importance in considering a laryngeal abnormality 
such as this. That being said, it is extraordinarily un-
likely that any of the above would cause a complete 
erosion of the posterior cricoid plate and lead to a 
lesion similar to that of a type III cleft defect. In this 
series, only patient 2 had any of the above events 
confounding her history.

Given the absence of major medical morbidities 
across the three cases, we propose that laryngeal 
clefts may be more prevalent in adult patients than 
was originally thought. There may be a subset of pa-
tients who do not present at a young age with the se-
vere symptom profile typically associated with the 
defect. These patients may present to adult practitio-
ners with chronic cough, aspiration, or noisy breath-
ing, as exhibited in these three cases. Repair of the 
laryngeal cleft may be a valuable intervention for 
such individuals. Recognition and awareness of the 
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characteristic physical examination finding com-
mon to these patients, the “ram sign,” would be the 

first step in identifying this rare, but perhaps under-
diagnosed, entity.



Reducing Fistula Rates Following Laryngotracheal Separation 

David O. Francis, MD, MS; Joel Blumin, MD; Albert Merati, MD 

Objectives: Laryngotracheal separation (LTS) is an uncommonly performed but highly effective procedure for intractable 
aspiration in patients with amyotrophic lateral sclerosis and other neurodegenerative conditions. Previously published se-
ries have noted rates of postoperative tracheocutaneous fistula formation as high as 1 in 3 patients. This report details the 
use of a muscle flap–reinforced imbrication technique to reduce the incidence of fistula formation after LTS surgery. 

Methods: All patients who underwent LTS surgery at the reporting institutions between 2004 and 2010 were identified. 
The principal diagnosis, patient characteristics, the presence of a preexisting tracheotomy, and postoperative complica-
tions were recorded. We describe the technique for imbrication closure of the proximal stump with strap muscle rein-
forcement. 

Results: Thirteen patients (10 male, 3 female; median age, 53 years; interquartile range, 45 to 66 years) underwent the 
LTS procedure; amyotrophic lateral sclerosis was the principal diagnosis in 8 of the 13 patients. Six patients had a pre-
existing tracheotomy. None developed tracheocutaneous fistula, hematoma, or wound infection. Two patients required 
stomaplasty at a later date. 

Conclusions: Strap muscle flap–reinforced imbrication closure of the proximal tracheal stump after LTS surgery allows 
for a low incidence of postoperative fistula formation. 

Key Words: amyotrophic lateral sclerosis, aspiration, laryngotracheal separation, larynx, surgery. 
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INTRODUCTION 

Dysphagia with intractable aspiration is a po-
tentially life-threatening condition associated with 
neuromuscular disorders, neoplasms, and trauma. 
Diminished laryngopharyngeal strength and sensa-
tion coupled with diaphragmatic weakness can com-
promise airway protection and pulmonary toilet; the 
resultant aspiration pneumonia represents a ma-
jor source of morbidity and death in these patients. 
Many of the underlying conditions are progressive 
and irreversible, such as amyotrophic lateral scle-
rosis (ALS). Sorenson et al1 found that 13% of pa-
tients with ALS had aspiration pneumonia. Howev-
er, the rate of “asymptomatic” aspiration events in 
this population is likely much higher. In a similar 
population, more than 60% of stroke patients with 
severe laryngopharyngeal sensory dysfunction had 
evidence of aspiration.2 

Treatment of aspiration and swallowing disorders 
can be divided into medical interventions, adjunc-
tive procedures, and definitive procedures.3-5 Every 
attempt is made to treat aspiration conservatively. 
Destructive surgical inventions are indicated only 

when aspiration is the result of severe or irrevers-
ible laryngeal dysfunction. The various procedures 
include salivary gland excision, vocal fold augmen-
tation, epiglottic oversew, glottal closure, laryngeal 
stent placement, laryngotracheal separation (LTS), 
and laryngectomy.6 

Laryngotracheal separation is an attractive laryn-
geal closure technique because of its simplicity and 
near-universal effectiveness at controlling aspira-
tion. First introduced by Lindeman,7 the laryngo-
tracheal diversion procedure was later refined to 
include LTS as an option to obviate the need for 
tracheoesophageal anastomosis.8 In the LTS proce-
dure, a stoma is created from the distal aspect of the 
transected trachea, similar to that of a laryngectomy. 
The upper aspect of the transected trachea is closed 
to form a blind pouch beneath intact vocal folds. 
This surgery can be completed in as little as 2 hours 
and can be accomplished with local anesthesia, if 
necessary. Surgery has been shown to improve the 
quality of life of those with intractable aspiration.9 
The procedure is reversible, although the outcomes 
of the reversal procedure are not as predictable as 
those of the original operation.10 
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Fig 1. Laryngotracheal separation procedure. Transected 
proximal trachea before mucosal dissection. Our clinical 
experience was that mucosa was most likely to tear at 
anterior midline. 

Fig 2. Imbricated tracheal mucosal closure following 
subcartilaginous dissection and removal of tracheal rings 
2 and 3. This view shows stump closure before reinforce-
ment. 

The existing major reports of complication rates 
after LTS surgery have featured a high incidence 
of tracheocutaneous fistula formation — as high as 
23% to 38%.11,12 This wound complication occurs 
when the proximal tracheal closure breaks down and 
saliva in the laryngeal stump leaks through the neck 
out through the skin. In an attempt to reduce the 
risk of this complication, the senior author’s (A.M.) 
technique for LTS includes first closing the proxi-
mal tracheal stump with an imbrication suture tech-
nique. This closure is then secondarily reinforced 
with an inferiorly based sternohyoid muscle flap. To 
investigate the outcomes of this surgical technique, 
we performed a retrospective analysis of the 6-year 
experience with the LTS procedure in the authors’ 
practices, with particular attention to the incidence 
of fistula formation and wound complications. 

MATERIALS AND METHODS

The Institutional Review Boards at the Medical 
College of Wisconsin and the University of Wash-
ington approved this retrospective case series study. 
The charts of 13 consecutive patients who under-
went LTS surgery between 2004 and 2010 were re-
viewed. The LTS procedure was only considered 
after a patient demonstrated aspiration that was re-
fractory to more conservative treatments (ie, swal-
lowing therapy with a speech-language pathologist). 
All procedures were performed with the following 
technique. 

A horizontal cervical skin incision is made ap-
proximately halfway between the cricoid cartilage 
and sternal notch. Subplatysmal flaps are elevated. 
Strap muscles are identified and separated in the 
midline. One sternohyoid muscle is detached supe-
riorly near the hyoid bone and dissected laterally to 
create an inferiorly based muscle pedicle flap and 

preserved for later use. The thyroid cartilage is ele-
vated from the trachea in the anterior midline and 
divided to expose the first 4 tracheal rings. A trache-
al incision is made between the second and third tra-
cheal rings. At this point, the distal trachea is intu-
bated with a reinforced endotracheal tube to provide 
ventilation. A horizontal incision is made across the 
posterior membranous trachea to complete the tra-
cheal transection (Fig 1). Beveling of the tracheal 
cut is avoided (in contrast to the cuts typically made 
for laryngectomy), primarily to facilitate imbrication 
of the proximal tracheal stump hereafter described. 
Beveling creates anterior-posterior asymmetry in the 
proximal mucosa and thereby weakens the closure. 
Avoidance of beveling also increases the feasibility 
of reversal of LTS with end-to-end anastomosis. 

Next, a cervical tracheoplasty and a proximal tra-
cheal stump are created. The tracheal mucosa is me-
ticulously and circumferentially dissected off the 
inside of the proximal tracheal rings until adequate 
mucosa is available for a tensionless closure; the 
overlying cartilage is discarded, usually in pieces, 
leaving a sleeve of tracheal mucosa. This proximal 
sleeve of mucosa is secured by imbrication of the 
mucosal edge in classic Connell suture fashion us-
ing 3-0 polyglycolic acid suture on a small tapered 
needle (Fig 2). This is performed from posterior to 
anterior within the trachea. The closure is then rein-
forced with the previously created inferiorly based 
sternohyoid pedicle flap by sewing the cut end into 
the inferior aspect of any remnant proximal tracheal 
ring with 4 peripheral pexing sutures to ensure max-
imum reinforcement (Fig 3). If no tracheal ring is 
available, the inferior aspect of the cricoid cartilage 
will suffice. The remnant cartilaginous ring serves 



to hold the periphery of the reinforcing muscle flap 
sutures and avoids direct suturing of the muscle flap 
to the mucosa. 

In patients with a tracheotomy in place, the opera-
tion differs in that the trachea is cleared at least 2 cm 
above and below the tracheotomy site; the division 
of the trachea occurs through the existing tracheot-
omy track, and the upper mucosal sleeve is devel-
oped from that point superiorly. In these cases, the 
dissection of this upper sleeve is technically more 
difficult. If the existing tracheotomy is too high, it 
may be quite difficult to develop a safe proximal 
stump. Cricoid mucosa can be used for the imbri-
cation, if necessary. In patients with extensive peri-
stomal scarring, the strap muscles may not be avail-
able or useful for flap reinforcement. In this case, an 
inferiorly based partial sternocleidomastoid muscle 
flap can be used. 

The inferior remnant of the trachea is then ma-
tured to the anterior skin. A tracheostoma is created 
with 2-0 polypropylene suture on a tapered needle in 
“half-buried” mattress fashion. The posterior mem-
branous trachea is approximated to the superior skin 
flap with 3-0 polyglycolic acid suture in a simple 
interrupted manner. Finally, a small passive drain is 

placed laterally in the wound and kept in place for 
3 days. If a gastrostomy tube is not already present, 
nasogastric feeding tubes are placed at the time of 
surgery and maintained for 1 week, after which a 
barium swallow study is performed to assess the fi-
delity of the closure. A clear liquid diet is started if 
the patient has a functional swallow. However, most 
patients have such debilitating dysphagia that a gas-
trostomy tube is required.

RESULTS 

Thirteen patients were identified from the study 
period. Of these, 10 were male and 3 were female; 
the median age was 53 years at the time of surgery. 
Eight of the 13 patients had ALS; other diagnoses 
included chronic aspiration as a result of head and 
neck cancer and its treatment in 2 patients, cerebral 
palsy in 2 patients, and multiple cranial nerve pal-
sies due to neurofibromatosis-2 in 1 patient (see Ta-
ble). Six of the patients presented from outside in-
stitutions with an existing tracheotomy. Others were 
advised that LTS surgery was preferred to a trache-
otomy on the basis of their irreversible laryngopha-
ryngeal disability: aphonia, severe dysphagia, and/
or penetration or aspiration. All 13 patients under-
went LTS surgery with strap muscle–reinforced im-
brication closure of the proximal stump. The ster-
nohyoid muscle was identifiable in 12 of the 13 pa-
tients. A sternocleidomastoid muscle flap was used 
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Fig 3. Inferiorly based strap muscle flap (right sterno-
hyoid muscle) sutured into position to reinforce tracheal 
stump closure. 

CLINICAL CHARACTERISTICS OF PATIENTS WHO
UNDERWENT LARYNGOTRACHEAL SEPARATION 

  Age at   Tracheotomy
 Pt Time of   at Time of
 No. Surgery (y) Sex Diagnosis Surgery? Complications

 1 67 M ALS No Stomal stenosis
      requiring
      stomaplasty
 2 65 M HNC Yes
 3 38 M CP No
 4 50 M NF2 Yes
 5 47 F ALS Yes Stomal stenosis
      requiring
      stomaplasty
 6 70 M HNC Yes
 7 33 M ALS Yes
 8 53 M ALS No
 9 53 M ALS No
 10 55 F ALS/PLS* No
 11 76 F ALS No
 12 35 M CP Yes
 13 75 M ALS No

ALS — amyotrophic lateral sclerosis; HNC — head and neck can-
cer; CP — cerebral palsy; NF2 — neurofibromatosis-2; PLS — pri-
mary lateral sclerosis.

*This patient, to date, does not have clear diagnosis of ALS or PLS.
 She has predominately bulbar degeneration pattern. 



in 1 patient. Muscle flaps were circumferentially su-
tured to the inferior edge of the cricoid cartilage un-
less an adequate mucosal sleeve was available with-
out removing all tracheal rings. None of the patients 
developed tracheocutaneous fistula, vocal fold pa-
ralysis, wound infection, or hematoma. There were 
no deaths in the perioperative period. The LTS pro-
cedure was successful in eliminating aspiration in 
100% of the patients. Two of the patients required 
stomaplasty some time (over 1 year) after the initial 
surgery. Follow-up data were available for 12 of the 
13 patients and ranged from 6 months to 6 years. To 
date, the confirmed mortality rate is 38%. Among 
the study patients, the duration of survival after LTS 
ranged from 6 months to more than 6 years. Two 
of the 4 patients with information available on their 
current swallowing status were maintaining ade-
quate nutrition by mouth. 

DISCUSSION 

In this modest series of 13 LTS procedures, no 
patient developed a tracheocutaneous fistula. This 
is in contrast to the reported results from the two 
largest series of LTS procedures, in which 23%9 
and 38%10 of patients developed fistulas. The case 
mix and wound complexity may not be the same 
between studies11,12; that said, about half of the pa-
tients in the current series (6 of the 13) underwent 
LTS with an existing tracheotomy — a rate compa-
rable to those in the two other series. The presence 
of an existing tracheotomy understandably has been 
suggested as a risk factor for wound complications 
after LTS surgery,11,12 but it appears that the imbri-
cation/reinforcement technique reported here may 
provide better closure of the proximal stump with 
little, if any, added morbidity. 

Interestingly, in the 1995 article by Eibling et al,12 
the use of a muscle flap was associated with a high-
er rate of fistula formation. It has been postulated 
that an existing tracheotomy reduces the amount of 
proximal mucosa available for the closure, leading 
to increased tension and therefore increased odds of 
fistula formation. No explanation has been advanced 
for the increased incidence of fistula in patients in 
whom a reinforcing muscle flap was used. It is con-
ceivable that the use of a muscle flap in these cases 
reflected the surgeon’s concern over the hardiness of 
the tracheal stump closure in the first place. 

Beyond achieving a lower incidence of fistula, 
the current series did not feature any postoperative 
hematoma, wound infection, vocal fold paralysis, or 
deaths. In a study by Zocratto et al,11 3 patients died 
within 1 week of the operation. This outcome likely 
reflects their broad patient selection, including pa-

tients who were already quite ill, as noted in their 
results. However, the authors did not believe that 
the LTS surgery itself contributed to the patients’ 
deaths. 

Although it is a valid objective to work toward 
lower rates of complications of any kind, it should 
also be pointed out that the significance of a proxi-
mal tracheocutaneous fistula after LTS surgery can 
be quite varied. In the studies by Eibling et al12 and 
Zocratto et al,11 the majority of the fistulas were 
managed with local wound care. Some of the cas-
es however, required surgical correction, and even 
conversion to total laryngectomy, because the pri-
mary objective of the initial operation — to control 
aspiration — had not been achieved. 

With regard to other complications, there were 2 
cases of tracheostomal stenosis in our series that re-
quired intervention; this rate (15.4%) is higher than 
that reported by Zocratto et al.11 In their series, 5 
of 60 patients (8%) developed stomal stenosis, but 
only 1 required surgical intervention. The 15% rate 
in our series is within the broad range of reported 
stenosis rates after tracheostoma creation following 
laryngectomy (from 4% to 42%, as reported by Wax 
et al13). 

Many prospective patients and their physicians 
have the same question when discussing the LTS 
procedure. What becomes of the secretions and in-
gested material in the proximal stump? Beyond pos-
sible fistulization, patients and caregivers are con-
cerned by the idea of pooling of foul or stagnant se-
cretions. Suzuki et al14 shed quite a bit of light on 
this very question. In a unique investigation, they 
examined 14 patients with LTS with modified bar-
ium swallow studies within 1 month after surgery. 
Follow-up plain radiographs of the neck were taken 
6 and 24 hours after the modified barium swallow 
study, and then every 24 hours until the contrast ma-
terial cleared. In the majority of patients, particular-
ly young patients, the contrast material in the pouch 
cleared within 24 hours. In the remaining patients, it 
cleared within 48 hours (2 patients), 72 hours (2 pa-
tients), or 96 hours (1 patient). Most of the delayed 
clearance occurred in older patients, but all of the 
contrast material eventually cleared. 

When is it appropriate to recommend the LTS 
procedure? In addition to patients with ALS and the 
severely impaired adult population, it has also been 
used extensively in pediatric patients and in very el-
derly patients.15-17 It is the authors’ assertion that 
LTS surgery should be considered whenever the lar-
ynx has become a liability — serving only as a con-
duit to aspiration without the presence of meaning-
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ful and informative vocal communication. Patients 
may not want to sacrifice their remaining vocal 
function and may favor simple tracheotomy when 
respiratory failure (ie, the need for ventilation) is the 
driving force behind the decision to proceed with 
surgery. It must be pointed out that in many of these 
cases the option of standard tracheotomy (and, as is 
often the case, mechanical ventilation) will prevent 
verbal communication because of the challenges of 
ventilator sounds and phonatory mechanics super-
imposed on a preexisting neurologic condition. 

Laryngectomy is preferred by many authors for 
these situations, when there is no reasonable likeli-
hood of recovery of neurologic function. Although 
laryngectomy remains the gold-standard operation 
for aspiration, it is not always acceptable to patients. 
Furthermore, it increases the risk of pharyngocuta-
neous fistula formation and is also associated with 
longer operating room and anesthesia times. LTS 
surgery uncomplicated by tracheocutaneous fistu-
la has a rate of aspiration control equivalent to that 
of laryngectomy. Swallowing function, albeit dom-
inated by the underlying condition rather than the 
operation performed, is likely to be better after lar-
yngectomy than after LTS surgery. These important 
functional considerations should form the basis of 

further study in this area. 

This study bears the fundamental problems of ret-
rospective reviews. None of the contemporary data 
were collected with a study in mind. The clinical da-
tabase of these patients was thorough, so all patients 
who underwent LTS surgery were identified and 
were unlikely to be missed. Furthermore, the main 
clinical characteristics and outcomes in the review 
were readily evident upon chart review. Our princi-
pal disappointment with this experience was our fail-
ure to systematically characterize these patients pro-
spectively in order to truly study the LTS procedure 
and its impact on swallowing, quality of life, com-
munication, and even survival. For now, the techni-
cal aspects and results of the muscle flap–reinforced 
imbrication closure of the proximal tracheal stump 
after LTS surgery stand as reported above. 

CONCLUSIONS 

It is possible to achieve a low incidence of post-
operative fistula formation after LTS surgery, even 
in patients with an existing tracheotomy. In this se-
ries, all 13 of the procedures included strap muscle 
flap reinforcement of an imbricated proximal tra-
cheal mucosal closure, and no patient developed a 
fistula. 
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Airway Complications of Pediatric Extracorporeal
Membrane Oxygenation 

Nicholas J. M. Agar, MBBS; Robert G. Berkowitz, MD, FRACS

Objectives: Prolonged intubation is a risk factor for the development of laryngotracheal stenosis. Children who undergo 
extracorporeal membrane oxygenation (ECMO) usually remain intubated for an extended period. It is unclear whether 
the impaired cardiorespiratory status that necessitated ECMO places these children at a higher risk of laryngotracheal 
stenosis. This study was performed to assess the incidences of laryngotracheal stenosis and tracheostomy in children who 
undergo ECMO. 

Methods: We identified all patients under 18 years of age who underwent ECMO over a 10-year period concluding July 
1, 2009, by use of the extracorporeal life support database of Royal Children’s Hospital, Melbourne. All children in this 
database who underwent either a diagnostic or a therapeutic surgical procedure on the airway were identified. 

Results: The 218 patients included in the study had an overall survival rate of 51.4%. A total of 14 patients (6.4%) re-
quired a surgical procedure on the airway, and 11 of these (5.0%) needed tracheostomy. Ten of these 14 patients (71.4%) 
survived; of these, 2 presented with congenital laryngotracheal stenosis, 3 developed clinically significant laryngotra-
cheal stenosis as a likely consequence of ECMO, and 5 required tracheostomy alone for long-term ventilation. The rate 
of airway stenosis was 2.7% in survivors. 

Conclusions: The rate of laryngotracheal stenosis in children who require ECMO is acceptably low. 

Key Words: acquired subglottic stenosis, ECMO, extracorporeal membrane oxygenation, laryngeal stenosis, laryngo-
tracheal stenosis, tracheostomy. 
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INTRODUCTION 

Extracorporeal membrane oxygenation (ECMO) 
was first used in children by Bartlett et al1 in 1976. 
The technology was developed as a refinement of 
the technique of cardiopulmonary bypass. Typical-
ly, veno-arterial ECMO involves large-bore cannu-
lation of a central vein and a central artery. Blood 
with heparin added is passed through a pump, an 
oxy genator, and a warmer before being returned 
to the systemic arterial circulation. This provides 
both oxy genation and perfusion pressure, and there-
fore supports both pulmonary and cardiac function. 
Veno venous ECMO returns the oxygenated blood to 
the right atrium, providing pulmonary support, but 
still relies on the heart to drive perfusion. 

ECMO is considered in children with severe and 
potentially reversible cardiorespiratory disease in 
whom there is a high chance of death with conven-
tional treatment measures.2 Patients remain intubat-
ed while on ECMO to allow pulmonary toilet and 
alveolar ventilation, and usually remain intubated 
after cessation of ECMO until they are deemed suf-

ficiently stable for extubation. Endotracheal intuba-
tion is the major risk factor for the development of 
acquired laryngotracheal stenosis; the risk is related 
to prolonged intubation, the number of intubation at-
tempts and tube changes, and an inade quately sized 
or poorly secured endotracheal tube. Other factors 
include long-term tracheostomy and gastroesopha-
geal reflux. A possible relationship between extra-
corporeal circulation and an increased risk of airway 
stenosis was theorized in 1997 by Pereira et al,3 who 
addressed subglottic stenosis in children undergoing 
cardiac surgery. They stated that mucosal hypoper-
fusion due to perioperative hypotension, and the use 
of extracorporeal circulation, which is known to im-
pair gas exchange, may further predispose the air-
way to injury. 

Children treated with ECMO are exposed to mul-
tiple factors that may increase their risk of laryn-
gotracheal stenosis. Despite the increasing use of 
this support method in the pediatric population, the 
rate of airway complications in children treated with 
ECMO has not been addressed in the English-lan-



TABLE 1. PATIENT CHARACTERISTICS

 Airway No Airway Entire
 Procedure Procedure Cohort
 (n = 14) (n = 204) (n = 218)

Age*
 Mean (mo) 69.5 25.8 28.6
 Median (mo) 29.4  1.9  2.0
 Range 1 d to 16.5 y 1 d to 17.2 y 1 d to 17.2 y
Mean weight* (kg) 23.5 11.1 11.9
Duration of ECMO  8.3  6.6  6.7
 (d)
Duration of 53.5 14.3 16.8
 ventilation (d)
Survival rate at 71.4% 50% 51.4%
 discharge 

*At start of extracorporeal membrane oxygenation (ECMO). 

TABLE 2. DIAGNOSIS-SPECIFIC SURVIVAL RATES
AT DISCHARGE

 Airway No Airway Entire
 Primary Procedure Procedure Cohort Survival
Diagnosis (n = 14) (n = 204) (n = 218) Rate

Recent cardiac 5 109 114 47.4%
 surgery
Sepsis 3 33 36 52.7%
Other 2 24 26 42.3%
Cardiomyopathy 1 9 10 40.0%
Meconium  7 7 85.7%
 aspiration
Bacterial  6 6 83.0%
 pneumonia
Diaphragmatic  5 5 60.0%
 hernia
Viral pneumonia 2 2 4 75.0%
Myocarditis 1 3 4 100%
PPHN or PFC  3 3 33.0%
RDS or HMD  1 1 100%
Pneumocystis  1 1 100%
 pneumonia
Aspiration  1 1 0%

PPHN — persistent pulmonary hypertension of newborn; PFC — 
persistent fetal circulation; RDS — respiratory distress syndrome; 
HMD — hyaline membrane disease. 
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guage medical literature. We therefore reviewed our 
institution’s experience. 

METHODS 

The intensive care unit of Royal Children’s Hos-
pital, Melbourne (RCHM) prospectively collates 
an extracorporeal life support database according 
to guidelines from the Extracorporeal Life Support 
Organization.4 After approval from the hospital eth-
ics committee (RCHM reference No. CA29042), 
this resource was accessed and all patients under 18 
years of age who underwent ECMO were identified 
for the 10-year period concluding July 1, 2009.  

Patient characteristics such as age and weight at 
the commencement of ECMO and the duration of 
ECMO and ventilator support were recorded. In ad-
dition, the primary diagnosis and survival outcomes 
were noted to demonstrate the spectrum of disease 
within the cohort and to allow comparison with oth-
er reported series of ECMO in children.  

The hospital electronic operative coding system 
was used to identify patients in the cohort who had 
also undergone a diagnostic or therapeutic surgi-
cal procedure on the airway. The medical records 
of these patients were accessed, and the presence or 
absence of laryngotracheal stenosis, details of the 
airway procedure, and the outcome were noted. 

RESULTS 

A total of 227 children were identified; 9 patients 
were excluded because of incomplete data, leaving 
218 in the study group. Patient characteristics are 
displayed in Table 1. The median age was 2.0 months 
and the mean was 28.6 months (range, 1 day to 17.2 
years), indicating that patients in the first 6 months 
of life dominated the population studied. The mean 
duration of ECMO was 6.7 days (range, 1.3 hours to 
72.8 days), and the mean duration of ventilation was 
16.8 days (range, 0.24 hours to 149.0 days). There 

were 112 patients (51.4%) who survived to dis-
charge. The data regarding diagnosis-specific sur-
vival at discharge are shown in Table 2. 

The patient outcomes are summarized in the Fig-
ure. We identified 14 patients who underwent a diag-
nostic and/or therapeutic surgical procedure on the 
airway. The median age of these patients was 29.4 
months and the mean was 69.5 months (range, 1 day 
to 16.5 years). The mean duration of ECMO was 
8.25 days (range, 2.3 to 15.2 days), and the mean 
duration of ventilation was 53.5 days (range, 4.2 to 
137.8 days). Ten of the 14 patients survived. The 4 
patients who died had undergone heart surgery; they 
all underwent tracheostomy for prolonged respira-
tory support and died of non–airway-related causes 
with their tracheostomy in situ. 

Details of the 10 patients who survived ECMO 
and also underwent a surgical airway procedure are 
shown in Table 3. Congenital laryngotracheal steno-
sis was the primary diagnosis precipitating admission 
in 2 of these children. The first had tracheal stenosis 
with an associated pulmonary artery sling and under-
went thoracotomy and tracheal reconstruction using 
a tracheal autograft and aortic homograft. This re-
quired subsequent revision and eventual stent inser-
tion. The patient also developed glottal and tracheal 
granulation and an anterior glottal web. The second 
patient with congenital tracheal stenosis was man-
aged with tracheostomy and tracheal and right bron-
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TABLE 3. CLINICAL DETAILS OF SURVIVORS WHO UNDERWENT AIRWAY SURGERY

 Tracheostomy, Time
Primary Diagnosis to Decannulation Procedure Complications

Preexisting laryngotracheal
 stenosis (n = 2) 
 Congenital tracheal stenosis No Open tracheal reconstruction; tracheal Anterior glottal web; vocal fold and
  with pulmonary artery sling  autograft; aortic homograft; tracheal tracheal granulation
  stent
 Congenital tracheal stenosis Yes, unknown Tracheostomy; tracheal and right Lost to follow-up (moved out of
  bronchial stent state after discharge)

Laryngotracheal stenosis
 secondary to ECMO (n = 3)
 Sepsis No Extubation in operating theater Minor subglottic stenosis; managed
   with observation alone
 Sepsis Yes, 30 days Tracheostomy 40% subglottic stenosis; managed
   with observation alone
 Viral pneumonia No Bronchoscopy, balloon dilation ×3 Stable 50% tracheal stenosis

Nonstenotic complications
 (n = 5)
 Myocarditis Yes, 85 days Tracheostomy; closure of fistula Tracheocutaneous fistula
 Congenital cardiac lesion Yes, 425 days Tracheostomy; closure of fistula Tracheocutaneous fistula;
     tracheobronchomalacia
 Viral pneumonia Yes, 24 days Tracheostomy Stomal granulation
 Sepsis Yes, 117 days Tracheostomy Accidental decannulation
 Cardiomyopathy Yes, 62 days Tracheostomy Left main bronchus compression
   from cardiac transplant size
   mismatch; managed conservatively

Flow diagram of patient outcomes.

chial stenting. His family moved out of the state after 
discharge, and he was lost to further follow-up. 

Three of the 112 survivors (2.7%) developed ste-
notic lesions, probably as a complication of ECMO 

and the associated period of endotracheal intuba-
tion. One patient who required ECMO for sepsis 
was extubated in the operating room after a previ-
ous failed attempt in the intensive care unit; bron-
choscopy revealed minor subglottic stenosis that did 



not require further management apart from clinical 
surveillance. The second patient had an underlying 
diagnosis of sepsis and required tracheostomy for 
prolonged support; bronchoscopy revealed a 40% 
subglottic stenosis. The patient was successfully 
decannulated on day 30 and only required further 
clinical surveillance. The third patient was admit-
ted with viral pneumonia; bronchoscopy revealed a 
60% tracheal stenosis after extubation. The patient 
was treated with endoscopic balloon dilation and 
currently has a stable 50% stenosis.

A 2.7% rate of laryngotracheal stenosis was found 
in the survivors. Notable complications in other 
body systems within the 112 survivors included a 
39.3% incidence of bleeding at either the cannula-
tion site or the surgical site that required re-explora-
tion, a 37.5% incidence of sepsis, a requirement for 
dialysis or hemofiltration in 22.3%, and an 11.6% 
incidence of cerebrovascular accident.  

The remaining 5 survivors in the surgical inter-
vention group underwent tracheostomy for pro-
longed ventilatory support. Their primary diagnoses 
are listed in Table 3. Four patients were decannulat-
ed within 4 months and the other at 14 months. All 
did, however, suffer complications. These included 
2 tracheocutaneous fistulas requiring closure (in-
cluding 1 with coexisting tracheobronchoma lacia), 
1 stomal granulation that required debridement, 1 
accidental but successful decannulation 117 days 
after insertion, and 1 extrinsic compression of the 
left main bronchus from a size-mismatched cardiac 
transplant that was managed conservatively.  

The overall tracheostomy rate in this pediatric 
ECMO cohort was 5.0% (11 of 218 patients). Of 
the 112 survivors, 7 had tracheostomies (6.25%); 6 
were for prolonged ventilatory support, and 1 was 
used in combination with tracheal stenting to treat a 
congenital tracheal stenosis.

DISCUSSION 

The English-language literature contains no in-
formation regarding the incidence of laryngotrache-
al stenosis or tracheostomy in children who undergo 
ECMO. We identified a total of 5 patients with la-
ryngotracheal stenosis. Two of these patients, how-
ever, presented with preexisting stenosis as their 
primary problem, and therefore their airway lesions 
should not be attributed to the process of ECMO 
and the accompanying period of endotracheal intu-
bation. A total of 3 survivors (2.7%) were noted to 
acquire clinically significant laryngotracheal steno-
sis during their period on ECMO. The rate for devel-
opment of acquired laryngotracheal stenosis in intu-
bated neonates has been addressed widely within the 

medical literature. The review by Walner et al5 from 
2001 estimates a rate of up to 2.0%. Looking at chil-
dren, rather than neonates, Wiel et al6 published the 
only age-matched cohort that we can use for direct 
comparison to our series. They found a 0.9% inci-
dence of laryngotracheal stenosis in 560 intubated 
children in their pediatric intensive care unit. It is 
unclear whether any of these children were support-
ed with ECMO.  

A total of 11 patients underwent tracheostomy; it 
was required in 10 for prolonged respiratory sup-
port and in 1 to secure the airway in the treatment 
of tracheal stenosis. Tracheostomy in the neonatal 
and pediatric population is not undertaken as early 
and as frequently as has become routine practice in 
adult intensive care unit management. Neonates in 
particular are protected from laryngeal injury and 
subglottic or tracheal stenosis in comparison with 
older children and adults,7 and can therefore remain 
intubated for extended periods of mechanical venti-
lation. Neonates often can tolerate endotracheal in-
tubation with little or no sedation, and given their 
paucity of movement, complications such as acci-
dental extubations, re-intubations, and the increased 
risk of airway injury that these carry8 are all kept 
to a minimum. Of note, those in our surgical inter-
vention group were considerably older, with a mean 
age of 69.5 months, compared with 25.8 months in 
those with no airway procedure. This finding under-
scores the lower threshold for tracheostomy referral 
in older children, who do not tolerate prolonged in-
tubation as well. 

The diagnosis-specific survival data are shown in 
Table 2. The higher survival rate of 71.4% in our air-
way procedure group, compared with 50.0% in the 
group with no procedure, is somewhat expected, as 
those being referred for an airway procedure have 
survived the early, critical phase of their illness. We 
cannot infer a direct beneficial effect of tracheosto-
my on the survival rate. 

There are limitations to this study. As indicated 
above, patients were not screened for an airway le-
sion either before or after their ECMO treatment; 
therefore, our study only highlights those patients 
with a symptomatic airway lesion. If all patients 
were screened with bronchoscopy after ECMO, it is 
likely that a higher rate of airway lesions would be 
found. Furthermore, it could also be expected that 
the rate of laryngotracheal stenosis in nonsurvivors 
would be equal to or possibly higher than that in 
survivors. This may further underestimate the true 
overall stenosis rate for all patients. However, the 
rate of stenosis in survivors is the more clinically 
relevant figure. An additional limitation is that we 
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are unaware whether any patient treated by ECMO 
at RCHM required subsequent surgical intervention 
on the airway at another institution. This would be 
unlikely, given that RCHM is the only institution in 
the state of Victoria that offers ECMO for children, 
and given that the provision of pediatric airway sur-
gery is also highly focused at this hospital.  

This study offers a guide to intensivists and oto-

laryngologists as to the likely rates of laryngotrache-
al stenosis and tracheostomy in the pediatric ECMO 
population. It also serves to highlight the need for 
otolaryngologists to maintain involvement in the 
complex multidisciplinary management of children 
who require ECMO. Notwithstanding the limits of 
our study, the rate of laryngotracheal stenosis is low 
compared with the high rate of complications in oth-
er body systems. 
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Implantation of an Atelocollagen Sponge With Autologous
Bone Marrow–Derived Mesenchymal Stromal Cells for

Treatment of Vocal Fold Scarring in a Canine Model

Satoshi Ohno, MD; Shigeru Hirano, MD, PhD; Shin-ichi Kanemaru, MD, PhD;
Yoshiharu Kitani, MD; Tsuyoshi Kojima, MD; Ichiro Tateya, MD, PhD;

Tatsuo Nakamura, MD, PhD; Juichi Ito, MD, PhD

Objectives: Vocal fold scarring remains a therapeutic challenge. A new regenerative approach is needed to restore dis-
organized extracellular matrix. Tissue regeneration requires appropriate cells and a scaffold. Bone marrow–derived mes-
enchymal stromal cells (BMSCs) are multipotent and secrete many kinds of growth factors to regenerate tissues. Ate-
locollagen sponges have many large pores that permit cell entry. The present study was performed to evaluate whether 
implantation of an atelocollagen sponge plus BMSCs is effective for the treatment of vocal fold scarring. 

Methods: Twelve beagles underwent implantation of an atelocollagen sponge or of an atelocollagen sponge with autolo-
gous BMSCs (1.0 × 106 cells) in the subepithelial pockets of scarred vocal folds. Six months after the operation, vibratory 
examinations and histologic examinations were performed.

Results: Mucosal vibrations improved significantly for the atelocollagen sponge–implanted vocal folds. Histologic anal-
yses revealed favorable restoration of the extracellular matrix in the lamina propria. Increased distribution of hyaluronic 
acid and decreased dense collagen deposition were also noted. These improvements were enhanced by implantation of 
BMSCs. 

Conclusions: Implantation of atelocollagen sponges with autologous BMSCs into scarred vocal folds significantly in-
creased hyaluronic acid distribution and decreased dense collagen deposition in the lamina propria, leading to better mu-
cosal vibration. 

Key Words: atelocollagen, bone marrow–derived mesenchymal stromal cell, extracellular matrix, hyaluronic acid, mes-
enchymal stem cell, vocal fold scarring.
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INTRODUCTION 

Vocal fold scarring occurs after inflammation, in-
jury, surgical treatment, or radiotherapy. It causes 
tissue contracture, increases the stiffness of the vi-
bratory structure, and inhibits propagation of normal 
mucosal waves. It also leads to phonation disorders 
such as hoarseness or aphonia, and decreases qual-
ity of life. 

Previous histologic studies of vocal fold scarring 
have revealed changes in the organization and distri-
bution of extracellular matrix (ECM) components, 
such as dense and/or disorganized type I collagen 
deposition, decreased and fragmented elastin fibers, 
increased fibronectin content, and occasional de-
creases in hyaluronic acid (HA).1-7 The abundance 

and distribution of the ECM support vocal fold bio-
mechanical performance for phonation, and disrup-
tions such as vocal fold scarring are detrimental to 
the voice.1,8,9

Many approaches have been used to treat vocal 
fold scarring. Injection of calcium hydroxylapatite, 
fat, or collagen gels results in an augmentation effect 
that can improve glottal insufficiency.10-12 Howev-
er, these effects have been shown to be temporary, 
and restoration of a normal ECM distribution could 
not be achieved. Thus, a new regenerative method is 
needed that can restore ECM and pliable mucosa. 

For the treatment of vocal fold scarring, our group 
has explored a novel approach to regenerate vibra-
tory tissues using tissue engineering methods.13-16 
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Tissue engineering consists of three elements: cell, 
regulatory factor, and scaffold. It is believed that tis-
sue regeneration will be achieved when appropri-
ate cells are provided in an optimal scaffold.17 We 
previously reported the efficacy of implantation of 
bone marrow–derived mesenchymal stromal cells 
(BMSCs) including mesenchymal stem cells into 
injured vocal folds.13 In that study, BMSCs in a 2% 
collagen solution were injected into the injured vo-
cal folds. This procedure improved wound healing 
both morphologically and histologically, suggesting 
that BMSCs might be useful for restoration of vocal 
fold mucosa. A subsequent study18 also confirmed 
that injected BMSCs differentiated into several lin-
eages of mature cells, including endothelial, mesen-
chymal, muscular, and cartilaginous cells.

A scaffold maintains space for regeneration and 
enhances the efficacy of implanted cells. Teruder-
mis (Terumo Co, Tokyo, Japan) is a dehydrother-
mally cross-linked atelocollagen sponge derived 
from calf dermis. Strong fibrillar atelocollagen and 
heat-denatured atelocollagen, which promotes ex-
cellent cell migration, are mixed at a ratio of 9 to 1 
and lyophilized to create a layer of collagen sponge 
about 5 mm thick. This sponge has many large pores 
that permit cell entry, and it is degraded gradually in 
vivo by endogenous collagenase.19,20 We previously 
reported that BMSCs can adhere to an atelocolla-
gen sponge and proliferate in vitro.21 An atelocolla-
gen sponge is considered to be an appropriate scaf-
fold for stem cell implantation. We also implanted 
an atelocollagen sponge into stiffened human vo-
cal folds. In most cases, mucosal wave and acoustic 
parameters showed gradual improvement at 6 to 12 
months after surgery.22 However, the effects varied 
among different subjects, suggesting that scaffold-
ing alone may not be sufficient to regenerate the vo-
cal folds. 

In the current study, we examined the effects of 
atelocollagen sponge and BMSCs in the treatment 
of vocal fold scarring in a canine model, paying par-
ticular attention to restoration of the ECM compo-
nents and to the effects of BMSCs on scarred tis-
sue.

MATERIALS AND METHODS

Animals. Twelve beagle dogs weighing 8 to 13 kg 
were used in this study. All experimental protocols 
were approved by the Animal Research Committee 
of the Graduate School of Medicine, Kyoto Univer-
sity. Animal care was provided under the supervi-
sion of the Institute of Laboratory Animals of the 
Graduate School of Medicine, Kyoto University.

Atelocollagen Sponge. The use of Terudermis in 

human patients with any dermal or epidermal de-
fects of the skin or mucosal tissues is allowed by 
the Ministry of Health, Labor, and Welfare in Japan. 
The possibility of mad cow disease caused by this 
material was excluded.

Harvest and Cultivation of Autologous BMSCs. 
All animals were sedated under general anesthesia 
with intramuscular injections of ketamine hydro-
chloride (5 mg/kg; Sankyo Co, Tokyo) and xyla-
zine hydrochloride (2 mg/kg; Bayer, Tokyo). Initial-
ly, 2 mL of bone marrow was aspirated from each 
dog’s humerus. The bone marrow cells were placed 
in a 200-cm3 flask with 15-mL Dulbecco’s modi-
fied Eagle’s medium (Gibco, Invitrogen Co, Carls-
bad, California) containing 10% fetal bovine serum 
and an antibiotic-antimycotic mixture (Gibco, Invi-
trogen Co). The cells were incubated in 5% carbon 
dioxide at 37°C (MCO-17AIC carbon dioxide incu-
bator; Sanyo Co, Osaka, Japan) for 72 hours to al-
low BMSCs to adhere to the bottom of the flask. 
After 3 days, the culture medium containing unnec-
essary nonadherent cells, including hematopoietic 
cells and waste products, was removed, leaving be-
hind only adherent cells on the bottom of the flask. 
Fresh medium was then added and exchanged twice 
a week until the cells reached confluence. When the  
BMSCs were confluent, the cells were lifted enzy-
matically from the flask with 0.25% trypsin with 
ethylenediaminetetraacetic acid (Gibco, Invitrogen 
Co) and were passaged to further expand the BMSC 
culture. Just before implantation, BMSCs were 
again detached from the bottom of the flask with 
0.25% trypsin with ethylenediaminetetraacetic acid. 
After neutralization of the trypsin solution and thor-
ough washing of the cells with Dulbecco’s modified 
Eagle’s medium containing 10% fetal bovine serum 
and an antibiotic-antimycotic mixture, the BMSCs 
were counted with a hemocytometer (Bright-Line; 
Becton Dickinson, Franklin Lakes, New Jersey) and 
collected by centrifugation at 3,500 rpm for 3 min-
utes (LX-120 centrifuge; Tomy Co, Tokyo). The 
BMSCs were diluted to 2.0 × 107 cells per milliliter 
with phosphate-buffered saline solution. One mil-
lion cells were seeded into a 5 × 3 × 3-mm atelocol-
lagen sponge by means of a syringe with a 24-gauge 
needle. 

Surgical Procedure. The surgical procedures that 
were used for generating the vocal fold injury mod-
els were established in previous studies.15,16 Eight 
beagles were sedated under general anesthesia with 
intramuscular injection of ketamine hydrochloride 
(5 mg/kg; Sankyo Co) and xylazine hydrochloride 
(2 mg/kg; Bayer). The glottis was visualized with 
a direct laryngoscope, and the vocal folds were bi-
laterally injured by stripping the entire layer of the 
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lamina propria down to the thyroarytenoid muscle 
with microscissors and microforceps under a micro-
scope. Two months after stripping the lamina pro-
pria, the vocal folds of all dogs were totally re epi-
thelialized. 

Next, implantation of an atelocollagen sponge 
was performed with the direct laryngoscope as de-
scribed above. Before the treatment, the similar ap-
pearance of the scarred vocal folds on both sides was 
confirmed with laryngeal endoscopy. The free edge 
of the vocal fold was grasped with microforceps and 
retracted medially. A vertical incision along the lon-
gitudinal axis of the vocal fold was made on the su-
perior surface of the vocal fold with microscissors. 
Finally, a subepithelial pocket was created between 
the epithelium and the thyroarytenoid muscle, in 
which an atelocollagen sponge was to be implant-
ed. Subepithelial pockets were made bilaterally. The 
beagles underwent implantation of an atelocollagen 
sponge (collagen group; n = 4) or an atelocollagen 
sponge with BMSCs (collagen-BMSC group; n = 4) 
into the subepithelial pocket of one vocal fold. As 
an internal control, nothing was implanted into the 
contralateral vocal fold. The treated sides were al-
ternated randomly. The wounds were covered by fi-
brin glue (Bolheal; Kaketsuken, Kumamoto, Japan) 
to prevent loss or dislocation of the implanted ma-
terial. 

Another experimental design was set up using 4 
dogs to evaluate the mucosal wave of atelocollagen-
implanted vocal folds by comparing them to normal 
vocal folds by vibratory examination of excised la-
rynges. A unilateral vocal fold scar was created by 
the same procedure described above, but the other 
side of the vocal fold was kept intact as a normal 
control. Implantation of an atelocollagen sponge 
(collagen with intact side; n = 2) or an atelocollagen 
sponge with BMSCs (collagen-BMSC with intact 
side; n = 2) into subepithelial pockets of the scarred 
vocal folds was performed as described above, 
whereas the normal side had no intervention. 

The vocal fold scars were allowed to mature for 
6 months in all groups. This period of vocal fold 
scar maturation was determined on the basis of data 
from Rousseau et al,3,4 who proposed that it takes 6 
months for vocal fold scarring to mature in canine 
and rabbit models. All animals were euthanized 6 
months after the surgery by intracardiac injection of 
pentobarbital sodium (25 mg/kg; Dainippon Phar-
maceutical Co Ltd, Osaka). The larynges were har-
vested immediately and used for vibratory examina-
tions. They were then subjected to histologic exami-
nation. 

Setup for Vibratory Examination of Excised La-

rynges. Vocal fold vibrations were examined with 
an excised larynx setup developed in previous stud-
ies.14,16 For better visualization of the vocal fold su-
praglottic structures, including the epiglottis, we re-
moved the false vocal folds and aryepiglottic folds 
after resection of the superior portion of the thyroid 
cartilage. The arytenoid cartilages were sutured to-
gether, and an arytenoid adduction procedure was 
performed bilaterally by using a 3-0 Prolene suture 
to close the glottis. The larynx was mounted on a ta-
ble, and an intubation tube was inserted into the tra-
chea and clamped tightly. Air was pumped through 
the tube to generate vocal fold vibrations. During the 
vibratory examination, saline solution was dripped 
onto the vocal folds to keep them moist. A high-
speed digital imaging system (Memrecam ci; NAC 
Image Technology, Osaka) was used to record vocal 
fold vibrations from the superior view. The camera 
was mounted 50 cm above the larynx, and the im-
age was displayed on a monitor. The images were 
recorded at a frame rate of 2,000 frames per second, 
and the images were then scanned into a computer.

The amplitude of the mucosal wave was mea-
sured to evaluate the mucosal vibration and elastic-
ity of the vocal fold structures, especially the lamina 
propria, by using ImageJ software.23 The distance 
(d1) from the midline of the glottis to the free edge 
of the vocal fold was measured at the anteroposteri-
or middle portion of the vocal fold during the closed 
phase. The closed phase was recognized by the mo-
tion of the upper and lower lips of the vocal folds. 
The same distance (d2) was measured at the maxi-
mum open phase. The mucosal wave amplitude was 
defined by subtracting d1 from d2 and was normal-
ized by dividing this number by the anteroposterior 
length of the glottis, from the anterior commissure 
to the vocal process (L). Therefore, the normalized 
mucosal wave amplitude (NMWA) = (d2 – d1)/L × 
100. To determine the difference of the degree of 
improvement, we calculated the change rate of the 
NMWA (CR-NMWA) as the NMWA of the implant-
ed vocal fold divided by the NMWA of the sham-
treated vocal fold. 

Histologic Examination. Immediately after the 
vibratory examinations, the larynges were fixed in 
10% formaldehyde for later tissue examination. The 
larynges were subsequently embedded in paraffin, 
and 5-μm-thick serial sections were prepared in the 
coronal plane from the anteroposterior middle por-
tion of the vocal folds. Collagen, elastin, and HA in 
the lamina propria of each vocal fold were examined 
with light microscopy. Elastica–van Gieson staining 
was performed to identify collagen and elastin. Al-
cian blue staining was used to identify HA. A hy-
aluronidase digestion technique was used to detect 
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HA. Images were captured with a Biore vo BZ-9000 
microscope (Keyence Corp, Osaka). The sections 
were examined at 4× to 40× magnification. The 
thickness of the lamina propria (TLP) was assessed 
to determine the degree of scar contraction and was 
determined by measuring the distance from the free 
edge of the vocal fold down to the thyroarytenoid 
muscle. The areas of stained HA and dense colla-
gen deposition (DCD) in the lamina propria were 
measured by software (Biorevo BZ-H1C and BZ-
H1M; Keyence Corp). This software automatically 
measures the area of a designated color in a slide. 
The color of HA and collagen was designated by 
the examiner. To determine the difference in the de-
gree of improvement, the change rates of TLP and 
of the stained areas of HA and DCD were calculat-
ed. The change rate of TLP (CR-TLP) was the TLP 
of the implanted vocal fold divided by the TLP of 
the sham-treated vocal fold; the change rate of HA 
(CR-HA) was the area of stained HA in the implant-
ed vocal fold divided by the area of stained HA in 
the sham-treated vocal fold; and the change rate of 
DCD (CR-DCD) was the DCD of the implanted vo-
cal fold divided by the DCD of the sham-treated 
vocal fold. These assessments were performed in a 
blinded fashion, in which the examiners were not in-

formed which slide belonged to each group.

Statistical Analysis. A paired t-test was used to 
ascertain differences in the NMWA, the TLP, and 
the areas of stained HA and DCD between the im-
planted vocal fold and the sham-treated vocal fold. 
A Welch’s t-test was used to ascertain differences 
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Fig 1. High-speed digital images of vibratory pat-
terns of vocal folds in excised larynx experiments. 
L — sham side; R — implanted side. Implanted 
vocal folds showed better mucosal vibrations. Al-
most-normal mucosal vibration was seen in vocal 
folds in collagen–bone marrow–derived mesen-
chymal stromal cell (BMSC) group. A) Collagen 
group. B) Collagen-BMSC group. C) Collagen 
group with intact side. D) Collagen-BMSC group 
with intact side.

B CA
Fig 2. A,B) Normalized mucosal wave amplitude was 
significantly improved by implantation of atelocollagen 
sponge. C) Change rate of normalized mucosal wave am-
plitude was significantly higher in collagen-BMSC group 
(Col-BMSC) than in collagen group (Col). 
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in CR-NMWA, CR-TLP, CR-HA, and CR-DCD be-
tween the collagen group and the collagen-BMSC 
group. We considered p values less than or equal to 
0.05 as statistically significant.

RESULTS

Vibratory Examination of Excised Larynges. 
The vibratory examination of the excised larynges 
showed better mucosal vibration in both implanted 
vocal folds, especially in the collagen-BMSC vocal 
folds, compared with the sham-treated vocal folds. 
Figure 1 shows representative cases in the colla-
gen group (Fig 1A) and the collagen-BMSC group 
(Fig 1B). The sham-treated vocal folds were bowed, 
and the mucosal vibration was limited. However, 

the vibrations were improved in the implanted vo-
cal folds and were comparable to those in the nor-
mal vocal folds of the two groups with an intact side 
(Fig 1C,D). A paired t-test revealed a significantly 
higher NMWA in the implanted vocal folds than in 
the sham-treated vocal folds (Fig 2A,B). The CR- 
NMWA values were significantly higher in the col-
lagen-BMSC group than in the collagen group (Fig 
2C). 

Histologic Examination. Histologic examinations 
revealed better restoration of ECM in both implant-
ed vocal folds, compared with the sham-treated vo-
cal folds. Figure 3 shows representative cases: a vo-
cal fold from the collagen-BMSC group (Fig 3A-
C), a vocal fold from the collagen group (Fig 3D-F), 
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Fig 3. Histologic findings (A,B, 
D,E,G,H,J,K: elastica–van Gie-
son staining; C,F,I,L: Alcian blue 
staining). A,B,C) Vocal fold from 
collagen-BMSC group. D,E,F) 
Vo cal fold from collagen group. 
G,H,I) Sham-treated vocal fold. 
J,K,L) Normal vocal fold. Tis-
sue contraction and dense col-
lagen deposition were markedly 
re  duced in implanted folds. Fa-
vorable restoration of hyaluronic 
acid and elastin was found in im-
planted folds. 
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a sham-treated vocal fold (Fig 3G-I), and a normal 
vocal fold (Fig 3J-L). We found minimal DCD in 
the implanted vocal folds, whereas there was exces-
sive collagen deposition in the sham-treated vocal 
folds. Elastin appeared to be well organized in the 
implanted vocal folds, whereas it was decreased and 
fragmented in the sham-treated vocal folds. HA ap-
peared to be abundant in the implanted vocal folds, 
whereas it was decreased in the sham-treated vocal 
folds. There were no remarkable findings in terms of 
the underlying muscle. 

The TLP was significantly greater in both of the 
implanted vocal folds than in the sham-treated vocal 
folds, whereas there was no significant difference 
between the implanted vocal folds (Fig 4). HA was 
significantly more abundant and DCD was signifi-
cantly decreased in both kinds of implanted vocal 

folds compared with the sham-treated vocal folds. 
These changes were significantly greater in the col-
lagen-BMSC group than in the collagen group (Figs 
5 and 6). 

No residual atelocollagen sponge was found in 
any specimen.

DISCUSSION

It is challenging to treat vocal fold scarring be-
cause of the difficulty of replacing scar tissue with 
innate ECM, such as HA or elastin. Injection of de-
ficient ECM has some effect; however, this effect is 
temporary, because the exogenous ECM is gradu-
ally degraded in vivo. Thus, a regenerative approach 
to induce organized endogenous ECM in scarred re-
gions is needed to achieve optimal results. For this 
aim, wound healing models of the vocal fold have 
been widely adopted using animals, including dogs, 
rabbits, and rats. In these models, the vocal fold is 
injured and then treated with various materials such 
as cells, growth factors, and/or implantable mate-
rials. The most important aspect of such studies is 
to create the same injury and scarring, ideally, or a 
similar one; however, it is impossible to create com-
pletely identical scarring because of different mech-
anisms of wound healing in different individual 
animals or even in the same animal. We have per-
formed the same technique to create similar scarring 
as much as possible using fine microdissection un-
der a microscope. In this study, we also randomized 
the side of treatment and set up an internal control. 
This is probably the limit of what we can do in this 
kind of study design; however, we still believe that 
the present study provides a clue to development of 
new treatment for vocal fold scarring.
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Fig 6. A,B) Area of dense collagen deposition in lamina 
propria was significantly reduced by implantation of ate-
locollagen sponge. Collagen-BMSC group showed sig-
nificantly less dense collagen deposition than did colla-
gen group. C) Change rate of dense collagen deposition.

Fig 4. A,B) Thickness of lamina propria was significant-
ly increased by implantation of atelocollagen sponge. C) 
No significant difference in change rate of thickness of 
lamina propria was observed between two groups. 

Fig 5. A,B) Area of stained hyaluronic acid in lamina 
propria was significantly increased by implantation of 
atelocollagen sponge. C) Change rate of hyaluronic acid 
was significantly higher in collagen-BMSC group than 
in collagen group. 



The therapeutic concept of scaffold implantation 
is to retain a space for regeneration in scarred tissue. 
In this sense, a liquid-type scaffold may not be ideal, 
because liquid is easily diluted and absorbed. Thus, 
we chose a sponge-type scaffold. An atelocollagen 
sponge allows BMSCs to adhere and proliferate on 
it.21 It is also degraded gradually, in parallel with the 
restoration of the ECM in vivo. This material is easy 
to shape to fit the donor site, and it can be easily 
placed in a scarred vocal fold by the microflap tech-
nique under direct laryngoscopy. Thus, this material 
may potentially be used in regenerative medicine. 

Space for regeneration is retained in the lamina 
propria by implantation of an atelocollagen sponge. 
In this study, the TLP was found to be greater on 
the implanted side than on the control side 6 months 
after the implantation, even though no residual ate-
locollagen sponge was found in any specimen. The 
implanted atelocollagen sponge was considered to be 
replaced by regenerated tissues and showed an aug-
mentation effect in the lamina propria. Even though 
this augmentation effect showed no statistically sig-
nificant differences between the collagen group and 
the collagen-BMSC group, the NMWA was found 
to be better in the collagen-BMSC group than in the 
collagen group. This is because there were differ-
ences of ECM proportion in the regenerated tissue 
between the collagen group and the collagen-BMSC 
group. Implantation of an atelocollagen sponge sig-
nificantly increased the levels of HA, while decreas-
ing DCD and improving mucosal wave vibration. 
Implantation of BMSCs significantly enhanced this 
ECM restoration. As mentioned above, mucosal vi-
bration depends on the ECM distribution. Upon im-
plantation of a scaffold, an influx of cells from the 
surrounding tissues is expected to generate new tis-
sue inside the scaffold. The present results do show 
such regenerative effects; however, because the re-
generative process varies with different individuals, 
these effects may not be seen consistently. The cur-
rent study demonstrates that implantation of a scaf-
fold with BMSCs is more effective in restoring vi-

bratory and histologic properties than is implanta-
tion of a scaffold alone.

The BMSCs include a large population of mes-
enchymal stem cells, which are multipotent and can 
differentiate into several types of cells, such as neu-
ronal, adipose, muscle, or endothelial cells, as well 
as mesenchymal cells.24-26 The BMSCs also show 
regenerative effects as a source of growth factors, 
including hepatocyte growth factor (HGF). HGF 
is a potent mitogen for mature hepatocytes. It also 
has strong antifibrotic effects in various regions.27 
Administration of recombinant HGF to bleomy-
cin-treated mice increased lung matrix metallopro-
teinase activities involving ECM-degrading en-
zymes.28 HGF stimulated the production of HA and 
decreased the production of collagen type I from 
fibroblasts in Reinke’s space.29 Administration of 
HGF using a gelatin hydrogel to achieve a gradual 
release significantly improved vibratory properties 
and reduced excessive collagen deposition and tis-
sue contraction, with favorable restoration of elastin 
and HA in matured, chronic vocal fold scarring in 
a canine model.30 Transplantation of mesenchymal 
stem cells into myocardium increased the expres-
sion of both HGF messenger RNA and HGF pro-
tein in the myocardium, and it also attenuated car-
diac fibrosis.31 The restoration of ECM found in this 
study may be attributed in part to this function. Fu-
ture stud ies will clarify how implanted BMSCs con-
tribute to ECM restoration in vivo. 

CONCLUSIONS

The present study demonstrated that implantation 
of an atelocollagen sponge with autologous BMSCs 
into scarred vocal folds significantly increased HA 
distribution and decreased DCD in the lamina pro-
pria, leading to better mucosal vibration. These re-
sults suggest that implantation of an atelocollagen 
sponge with autologous BMSCs has a therapeutic 
effect and may be useful for the treatment of vocal 
fold scarring. 
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Pathologic Effects of External-Beam Irradiation on
Human Vocal Folds

Eric E. Berg, MD; Vasantha Kolachala, PhD; Ryan C. Branski, PhD;
Susan Muller, DMD; Michael M. Johns, MD

Objectives: We sought to better characterize pathologic changes that occur in the human vocal fold after radiotherapy 
for head and neck cancer.

Methods: In a blinded, controlled study of archived tissue, we evaluated postirradiation salvage laryngectomy vocal fold 
tissue without evidence of malignant disease. Clinical and demographic patient data were collected. In a blinded fashion, 
irradiated tissue was compared to nonirradiated, benign control tissue. Histomorphometric analysis was used to assess 
muscle and collagen organization, superficial lamina propria (SLP) and vocal ligament thickness, vocalis muscle fiber 
area, collagen content, and hyaluronic acid content. Immunohistochemical analysis was used to assess the content of type 
I collagen, type IV collagen, vimentin, fibronectin, α–smooth muscle actin, matrix metalloproteinase 9, and laminin. 
Results: Twenty irradiated vocal folds were evaluated and compared to control specimens. Collagen and muscle disorga-
nization was noted in the irradiated specimens. The SLP and vocal ligament thicknesses and the mean muscle fiber diam-
eters did not differ significantly. The SLP fibronectin and the vocalis muscle and SLP collagen content were significantly 
increased in the irradiated vocal folds, and the SLP collagen content increased significantly with time between irradiation 
and resection. The laminin content of irradiated vocalis muscles was significantly decreased.

Conclusions: Radiotherapy results in significant vocal fold tissue changes. Having more precisely defined these changes, 
we plan continued investigation seeking targeted preventive and therapeutic interventions for improved vocal quality fol-
lowing radiotherapy.

Key Words: fibrosis, radiation, vocal fold.
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INTrODUCTION 
Laryngeal squamous cell carcinoma affects ap-

proximately 1 in 10,000 Americans, with about 
13,000 newly diagnosed cases and 3,600 deaths oc-
curring per year.1 Surgical management of the dis-
ease with laryngectomy results in aphonia, and lo-
cal excision and partial laryngectomy can have pro-
found effects on a patient’s phonatory capacity and 
ability to tolerate a normal oral diet. In an effort to 
avoid these consequences and preserve the larynx 
and its function, irradiation with or without chemo-
therapy has become the preferred treatment at most 
major centers for patients with appropriately staged 
laryngeal squamous cell carcinoma.

Although irradiation has been proven effective in 
controlling disease, its overall impact is far from be-
nign, as it leads to significant functional consequenc-
es and decreased quality of life after treatment. Post-
treatment xerostomia, dysphagia, and aspiration are 

not uncommon. External-beam irradiation has been 
observed clinically to cause a loss of vocal fold pli-
ability that leads to hoarseness, an inability to be 
heard over noise, and vocal strain with communica-
tion.2-4 These effects are not limited to the treatment 
of primary laryngeal carcinoma. In fact, a study by 
Fung et al5 demonstrated that wide-field irradiation 
may in fact have a greater impact on vocal param-
eters than does localized irradiation for glottal ma-
lignancy alone. Rarely, whether because of residual 
effects of the initial disease, changes due to irradia-
tion, or a combination of both, patients are subjected 
to laryngectomy for a nonfunctional larynx. To date, 
there are no effective interventions to prevent or re-
verse radiation-induced tissue changes. The existing 
interventions are largely supportive.

Research for improved treatment strategies for 
radiation fibrosis is needed. However, thorough 
knowledge of the impact of radiation on vocal fold 
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tissue at a molecular and cellular level is a prereq-
uisite for appropriate investigation. In fact, no pub-
lished reports have compared irradiated to nonirra-
diated human vocal fold tissue in a controlled fash-
ion. The goal of this study was to characterize basic 
changes that occur in the human vocal fold after ir-
radiation by performing such an analysis utilizing 
archived human tissue from Emory University’s pa-
thology tissue bank. Specimens that had received ra-
diotherapy for laryngeal squamous cell carcinoma 
without evidence of persistent or recurrent disease 
were evaluated. Histomorphometry and immunohis-
tochemistry were used to characterize changes in the 
structure and extracellular matrix of irradiated vo-
cal fold tissue as compared to nonirradiated vocal 
fold tissue. Through better characterization of tis-
sue changes, future research can proceed toward the 
development of novel strategies to prevent or treat 
posttreatment radiation fibrosis.

MATErIAlS AND METHODS
Tissue Selection. With approval from the Emory 

University Institutional review Board, archived vo-
cal fold specimens from the Emory University De-
partment of Pathology were evaluated. All postirra-
diation salvage laryngectomy specimens from pa-
tients with a history of head and neck cancer were 
noted. All specimens from patients with reported evi-
dence of persistent or recurrent disease at the time of 
surgical excision were excluded. Tissue blocks were 
pulled from storage and grossly assessed for ade-
quate tissue quality. The medical records of the pa-
tients associated with suitable specimens were then 
evaluated and cross-referenced with pathologic data 
in order to confirm the clinical history of radiother-
apy prior to surgical management. Demographic pa-
tient data, including patient gender and age at time 
of surgery, were noted. The site of the primary tu-
mor, reason for laryngectomy, timing of surgical ex-
cision in relation to radiotherapy, specifics of radio-
therapy, and history of adjunctive chemotherapeutic 
management were noted when available. 

So as to ensure that observed tissue changes were 
due to radiation and not the treated malignant dis-
ease process, we included tissue from within the 
field of irradiation and excluded tissue from the pri-
mary subsite. Specifically, if the initial tumor was 
supraglottic or subglottic alone and did not involve 
the glottis, both vocal folds were included for evalu-
ation. If the initial tumor was glottal in origin, only 
the contralateral, uninvolved fold was evaluated. In 
order to avoid skewing data during statistical anal-
ysis, we included only one vocal fold per patient, 
even when both folds met the inclusion criteria.

Once suitable specimens were identified and col-

lected, we also collected control samples from 3 au-
topsy specimens of men without any history of intu-
bation, laryngeal carcinoma, or radiotherapy. Inves-
tigated markers of vocal fold fibrosis were chosen 
on the basis of previously observed changes in ani-
mal vocal fold models, as well as in pulmonary and 
renal fibrosis.6-10

Tissue Analysis. All tissue analysis was performed 
in a blinded fashion. Gross tissue organization and 
quantifiable measurements were recorded for both 
irradiated tissue and controls. When specific tissue 
stains were employed, digital images were obtained 
and stain density was quantified as the integrated op-
tical density by use of Metamorph software (Molec-
ular Devices, Inc, Sunnyvale, California). Similarly, 
digital images were assessed with Metamorph soft-
ware to make all measurements of size and thick-
ness in pixel units.

Metamorph quantification of stain density works 
by converting digital slide images to bichromatic 
images in which the color of interest, ie, blue, in re-
viewing Masson’s trichrome staining for collagen 
content, is highlighted and all other colors are elimi-
nated. Quantification is then performed through pix-
el count and calculation of color density in the con-
verted image, yielding the integrated optical density 
as a representation of stain density. The entire speci-
men can be included in one image so as to eliminate 
the need for calculation of multiple fields, and the 
software allows calculation from a selected portion 
of the slide so that a particular region, such as the 
vocalis muscle, can be quantified specifically.

Quantitative Histomorphometry. Histologic sec-
tions were first cut and stained with Masson’s 
trichrome in the standard fashion. These slides were 
used to assess gross tissue morphometry. Specimens 
not clearly representing the true vocal fold were ex-
cluded. Overall muscle and collagen organization 
were rated as normal, mildly disorganized, or se-
verely disorganized under 10× magnification.

We then measured the thickness of the superficial 
lamina propria (SLP) and the vocal ligament under 
2× magnification. Using 40× images, we focused 
on the vocalis muscle and measured the area of 10 
representative muscle fibers from each specimen. 
Finally, with collagen staining blue after Masson’s 
trichrome staining, the collagen content was quan-
tified by recording the integrated optical density of 
the blue-stained collagen both in the SlP (2× im-
ages) and in the vocalis muscle (40× images) by use 
of Metamorph.

Additional histologic sections were then cut and 
stained with Alcian blue, a stain that targets hyal-
uronic acid. Hyaluronidase digestion was performed 
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in order to confirm that tissue staining with Alcian 
blue represented hyaluronic acid. The hyaluron-
ic acid content in the SLP was quantified with the 
Metamorph software via measurement of the inte-
grated optical density of the blue-stained hyaluronic 
acid.

Immunohistochemistry. Sufficient histologic sec-
tions were cut for immunohistochemical staining of 
specimens for type I collagen, type IV collagen, vi-
mentin, alpha–smooth muscle actin (α-SMA), ma-
trix metalloproteinase 9 (MMP-9), fibronectin, and 
laminin. Immunostaining was completed by estab-
lished protocols. Control tissue was included with 
each immunostain group so as to rule out nonspe-
cific staining. Vimentin is a marker of fibroblasts, 
and α-SMA is a marker of myofibroblasts.6 MMP-9 
is secreted by macrophages and is hypothesized to 
play a role in radiation fibrosis via increased depo-
sition of extracelluar matrix.7 Fibronectin is known 
to mediate a number of cellular interactions in the 
extracellular matrix, and some functions may be up-
regulated in fibrosis. Accumulation of laminin has 
been noted in pulmonary fibrosis, and it may play 
a role in stimulating T cells and macrophages to se-
crete lympho kines that promote collagen synthesis 
by fibroblasts and epithelial cells.8 The Metamorph 
software was employed to measure the integrat-
ed optical density of the stained components, and 
thereby quantify the tissue content of the targeted 
substance.

Statistical Analysis. Once tissue analysis was 
complete, a spreadsheet was used to statistically 
ana lyze the results and compare the irradiated speci-
mens to the control specimens. For comparison, a 
Fisher’s 2-tailed t-test was performed with a p value 

of 0.05 considered significant.

rESUlTS
In all, 20 irradiated vocal folds from 13 patients 

were evaluated. Fourteen were from 7 patients who 
did not have a history of true glottal disease. Six 
were included from the uninvolved side of patients 
with a history of contralateral glottal disease. For 
the purposes of statistical analysis, only one vocal 
fold was included from those patients in whom both 
vocal folds were free of primary disease, leaving a 
total of 13 irradiated vocal folds from 13 separate 
patients. These 13 patients (10 male, 3 female) had a 
mean age of 59 years at the time of surgery. Six had 
supraglottic primary tumors, 3 had true glottal pri-
mary tumors, and 4 had other laryngeal tumors.

A mean of 30 months (±12 months) elapsed be-
tween completion of irradiation and laryngectomy 
(range, 2 months to 10 years). All patients had pre-
viously undergone irradiation with curative intent. 
Specific records regarding the exact irradiation 
fields and dosage administration were not consis-
tently available, because the treatment was admin-
istered at multiple irradiation centers over a broad 
time period; however, because all patients complet-
ed treatment, it can be assumed that each received a 
dosage in the commonly accepted therapeutic range 
of 66 to 70 Gy. Similarly, sufficient records regard-
ing a history of induction or concurrent chemother-
apy were lacking.

Collagen and Muscle Fibers. Blinded morpho-
metric analysis of Masson’s trichrome–stained slides 
revealed increased collagen and muscle fiber disor-
ganization in the irradiated specimens as compared 
to the controls (Fig 1). All 3 controls were rated as 
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Fig 1. Distorted muscle and collagen architecture in irradiated specimens. A) Normal muscle and collagen architecture. B) Mild 
disorganization. C) Severe disorganization.
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having normal morphometry. Of the irradiated vo-
cal folds, 3 were rated as morphometrically normal, 
9 as mildly disorganized, and 8 as severely disorga-
nized.

Vocalis Muscle Collagen. Metamorph analysis of 
Masson’s trichrome–stained slides to quantify the 

collagen content of the vocalis muscle revealed a 
significant increase in collagen content in the irra-
diated specimens versus the controls (n = 12; p = 
0.011; Fig 2A).

SLP Collagen. Metamorph analysis of Masson’s 
trichrome–stained slides to quantify the collagen 
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Fig 2. Changes in A,B) collagen, C) laminin, and D) fibronectin contents in irradiated specimens versus controls. A) Increased 
vocalis muscle collagen content (n = 12). B) Increased superficial lamina propria collagen content (n = 13). C) Decreased vo-
calis muscle laminin content (n = 13). D) Increased superficial lamina propria fibronectin content (n = 12).



content of the SLP revealed a significant increase in 
collagen content in the irradiated specimens versus 
the controls (n = 13; p = 0.0007; Fig 2B).

SLP Hyaluronic Acid. Metamorph analysis of Al-
cian blue–stained slides to quantify the hyaluronic 
acid content of the SLP revealed a gross increase in 
hyaluronic acid content in the irradiated specimens; 
however, this failed to reach statistical significance 
(n = 13; p = 0.087).

Vocalis Muscle Laminin. Metamorph analysis of 
slides immunostained for laminin demonstrated a 
significant decrease in laminin content in the irradi-
ated specimens (n = 13; p < 0.0001; Fig 2C).

SLP Fibronectin. Metamorph analysis of slides 
immunostained for fibronectin demonstrated a sig-
nificant increase in fibronectin content in the irradi-
ated specimens (n = 12; p = 0.021; Fig 2D).

Vocalis Muscle and SLP MMP-9. Metamorph 
analysis of slides immunostained for MMP-9 dem-
onstrated a gross increase in MMP-9 content in the 
vocalis muscle of the irradiated specimens; howev-
er, this failed to reach statistical significance (n = 
12; p = 0.17). The MMP-9 content of the SlP in the 
irradiated specimens was also not significantly dif-
ferent from that in the controls (n = 13; p = 0.83). 

SLP Vimentin. Metamorph analysis of immuno-
stained slides for vimentin revealed no significant 
difference in the SLP vimentin content between the 
irradiated and control specimens (n = 13; p = 0.9).

Collagen I, Collagen IV, α-SMA, SLP Laminin, 
Vocalis Muscle Fibronectin, and Vocalis Muscle Vi-
mentin. The specimens did not stain avidly for these 
targets, and therefore Metamorph quantification was 
not performed for them.

Muscle Fiber Area. The Metamorph software was 
used to quantify the mean muscle fiber area of the 
vocalis muscle in irradiated and control specimens. 
The mean area was decreased in irradiated speci-
mens; however, the difference was not statistically 
significant (n = 12; p = 0.35). Muscle fiber area did 
appear much more variable in the irradiated speci-
mens.

Thickness of SLP and Vocal Ligament. The Meta-
morph software was used to measure the thickness 
of the SLP and the vocal ligament in irradiated and 
control specimens stained with Masson’s trichrome 
stain. The mean SlP (n = 13; p = 0.85) and vocal 
ligament (n = 13; p = 0.31) thicknesses were slightly 
less in the irradiated specimens; however, this dif-
ference failed to reach statistical significance.

Time Interval Between Completion of Irradiation 

and Resection. Subgroup analysis was performed 
for irradiated specimens’ vocalis muscle collagen 
content, SLP collagen content, SLP fibronectin con-
tent, and muscle laminin content, ie, all of those 
variables that demonstrated a significant difference 
between irradiated and control specimens. To assess 
the impact of time after irradiation on the develop-
ment of changes in the extracellular matrix, we di-
vided the irradiated specimens into those resected 
no more than 12 months after the completion of 
treatment and those resected more than 12 months 
after the completion of treatment. The SLP collagen 
content was significantly greater 12 months or more 
after the completion of radiotherapy (p = 0.03). Vo-
calis muscle collagen, SLP fibronectin, and muscle 
laminin contents were not significantly different be-
tween the two groups.

DISCUSSION

Although its utility in the management of head 
and neck cancer is critical, the clinical effects of ex-
ternal-beam irradiation on normal tissues in the head 
and neck are immediately apparent to all of those in-
volved in the care of patients who undergo irradia-
tion. The phonatory difficulties resulting from ex-
posure of vocal fold tissue to radiation are well de-
scribed; however, little if any published research has 
investigated the cause of these changes on a basic 
structural level. In fact, until this study there were 
no comparative investigations of irradiated versus 
nonirradiated human vocal fold tissue. Furthermore, 
existing animal models of vocal fold fibrosis have 
been used to investigate only traumatic fibrosis and 
age-related fibrosis, which are distinctly different 
mechanisms of injury.

Vocal fold changes associated with radiotherapy 
are believed to be a consequence of an acute oxi-
dative response with resulting cell damage, ische-
mia, and inflammatory response.11 However, the 
specific changes induced, beyond the generic “fi-
brosis” so often cited, remain poorly defined. With 
this study, we have begun to more fully character-
ize this change. Collagen content was significantly 
increased in both the vocalis muscle and the SLP of 
irradiated vocal folds as compared to control speci-
mens. The increase in collagen content noted in the 
SLP was found to be associated with time; ie, sig-
nificantly more accumulation was noted in patients 
more than 1 year from completion of radiotherapy 
than in those less than 1 year from treatment. To-
gether with the long-standing hypovascularity that 
contributes to complications from radiotherapy fol-
lowing a long posttreatment latency period, this 
finding emphasizes the chronic and indolent nature 
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of radiation-induced tissue changes well beyond the 
acute treatment period.12 It may also support the 
role of ongoing “wound” maturation and collagen 
deposition following radiation-induced injury. The 
overall increase in collagen content is clearly rep-
resentative of radiation-induced fibrosis, correlat-
ing with the clinically observed limitations in vocal 
function. 

The gross pathologic architecture of human vo-
cal fold tissue is clearly changed after therapeutic 
external-beam irradiation. An overall disorganiza-
tion of the collagen matrix and vocalis muscle fi-
bers was immediately apparent in irradiated speci-
mens. These changes were quite dramatic; however, 
the slight decrease in thickness of the SLP and vocal 
ligament noted in irradiated specimens did not reach 
statistical significance. Further, the mean muscle fi-
ber areas did not differ significantly between the ir-
radiated and nonirradiated specimens. The muscle 
fiber area did appear more variable within an indi-
vidual irradiated specimen versus an individual non-
irradiated specimen; however, this difference may 
be due to the aforementioned overall disorganiza-
tion. Although decreased SlP thickness and muscle 
fiber atrophy have been theorized to play a promi-
nent role in radiation fibrosis of the vocal fold, these 
findings suggest that the clinical manifestations of 
radiation-induced fibrosis of the vocal fold may be 
more likely due to an overall infiltration and stiffen-
ing of the SLP than due to physical thinning of the 
SLP. 

Immunohistochemistry was performed on both 
irradiated and nonirradiated vocal folds in an at-
tempt to quantify a variety of fibrotic markers. The 
overall poor binding of the immunostains may have 
been technique-dependent, due to tissue degradation 
over time, or perhaps a product of simply choosing 
the wrong targets. A significant increase in SlP fi-
bronectin in irradiated specimens is noteworthy, is 
consistent with its proposed role in fibrosis at previ-
ously investigated sites, and is a likely contributor 
to overall stiffening of the vocal fold. The laminin 
content of the vocalis muscle was significantly de-
creased in irradiated specimens. Serum and tissue 
laminin have been noted to be increased in fibrotic 
pathways elsewhere in the body, most notably in he-
patic fibrosis. As a potential marker of fibrosis, one 
might expect laminin content to increase in irradiat-
ed vocal fold tissue; however, its decrease suggests 
that radiation-induced vocal fold fibrosis is the re-
sult of alternative pathways that have yet to be fully 
elucidated. Interestingly, laminin does contribute to 
structural scaffolding in nearly every tissue in the 
body, so a decrease in muscle laminin content may 

lead to a loss of muscle fiber integrity and a subse-
quent loss of muscle and vocal function.

This study has limitations. First and foremost, al-
though we know that the control vocal folds were 
from adult men without a history of malignancy, 
intubation, or irradiation, the subjects’ ages at time 
of death are unknown. Without gender and age-
matched controls, age-related fibrosis or gender dif-
ferences may be confounding factors. Accumulation 
of appropriate specimens may take years, however, 
as specimens used in this study were pulled from a 
long-standing tissue bank. The specifics of the ra-
diotherapy are unknown, so any dose-related effect 
could not be quantified. Additionally, we do not have 
adequate documentation of exposure to chemothera-
peutic agents, so any adverse effects of these agents 
may be erroneously attributed to radiation. Still, in 
spite of these limitations, we believe that our find-
ings better define the pathologic changes of radia-
tion-induced fibrosis in the human vocal fold. 

Research for improved treatment strategies for 
radiation fibrosis is needed. Ongoing research in 
laryngeal fibrosis caused by aging and trauma has 
suggested a number of possible interventions, in-
cluding a variety of injections such as mesenchymal 
stem cells and an assortment of growth factors.13,14 
Such studies have utilized animal models and have 
made strides in defining pathologic changes involv-
ing many of the targets investigated in this study.10 
However, although fibrosis is apparent in both aged 
and traumatized vocal folds, the pathophysiological 
process of radiation-induced fibrosis is unique, and 
interventions that may be proven efficacious in the 
treatment of age-induced or traumatic fibrosis can-
not be presumed effective in the treatment of radia-
tion fibrosis. Therefore, in order to further investi-
gate potential therapeutic interventions to reverse or 
prevent the fibrotic tissue changes associated with 
external-beam radiotherapy of the larynx, better 
characterization of the changes in human tissue is 
critical. This study adds to our knowledge of this 
process and should help guide future investigation 
of therapeutic interventions to alleviate the clinical 
manifestations of radiation-induced vocal fold fi-
brosis.

CONClUSIONS

External-beam irradiation for the treatment of 
head and neck cancer results in significant patholog-
ic changes in human vocal fold tissue. After more 
precisely defining these changes, future investiga-
tion may be better targeted toward preventive and 
therapeutic interventions for improved postirradia-
tion vocal quality.
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Neuromuscular Basis for Ventricular Fold Function 

Nwanmegha Young, MD; Mikhail Wadie, MD; Clarence T. Sasaki, MD 

Objectives: We sought to examine the neuromuscular basis for ventricular fold function. The primary function of the 
ventricular folds is to assist in the regulation of intra-abdominal and intrathoracic pressure. They also influence phona-
tion in the setting of vocal fold paralysis or ventricular dysphonia, or after partial laryngectomy. The neuromuscular ba-
sis of true vocal fold function has been well studied; however, its neuromuscular correlates in the ventricular folds are 
ambiguous. The literature is unclear as to whether ventricular fold contraction is passive or active. The musculature and 
innervation responsible for this action also have not been well defined. The aim of this study was to provide clarity in 
regard to these mechanisms.

Methods: We examined a whole-organ section of a human larynx from a patient with unilateral vocal fold paralysis. The 
region of the ventricular folds was compared on both the paralyzed and normal sides. Electrophysiological examination was 
performed in a porcine model. The superior laryngeal nerve was stimulated, and recording electrodes in both ventricular 
folds measured the electrical activity. The recurrent laryngeal nerve was then severed, and the experiment was repeated.

Results: The histologic slides from the patient with unilateral vocal fold paralysis demonstrated atrophied ventricularis 
and thyroarytenoid muscles on the paralyzed side. On the unaffected side, these muscles were of normal size. The elec-
trophysiological examination in the porcine model demonstrated findings consistent with innervation of the ventricularis 
muscle by the recurrent laryngeal nerve. An association of ventricularis muscle activity with ventricular fold contraction 
also was demonstrated.

Conclusions: Ventricular fold adduction appears to be a result of ventricularis muscle contraction that is mediated by the 
recurrent laryngeal nerve.

Key Words: false vocal fold, laryngeal innervation, ventricular fold, vocal fold paralysis.
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INTRODUCTION 

The larynx functions as a complex biological 
sphincter that regulates flow between the respiratory 
and digestive tracts. The ventricular folds form a crit-
ical tier in this system and exert a powerful influence 
on basic physiological mechanisms. The functional 
equivalent of a valve, the ventricular folds regulate 
pressure between the thoracic and abdominal body 
cavities.1 Pressure differentials in these body cham-
bers enable the execution of such tasks as coughing 
and elimination. In addition to their valvular influ-
ence on pressure, the ventricular folds can have a 
profound effect on phonation. Ventricular dysphonia 
is a speech disorder that affects 2% to 5% of the pop-
ulation.2 The ventricular voice is characterized as 
low and harsh in quality. It is poorly understood, but 
is thought to be a pathological response to chronic 
vocal overuse.3 In certain demographics, the ventric-
ular folds can become the primary phonatory agent, 
as is seen in patients with vocal fold defects or pa-

ralyis.4,5 Emerging data also demonstrate their im-
portance in normal vocal production and timbre.6 

An especially intriguing aspect of ventricular 
phonation is the apparent voluntary and/or intermit-
tent nature of its presentation in certain subpopula-
tions. (The Tuvan and Tibetan monk “throat sing-
ing” styles are excellent examples.) This observation 
leads us to believe that reaffirmation of a specific 
neuromuscular basis may be very important in vo-
cal rehabilitation or in special rehabilitative circum-
stances that encourage the use of ventricular phona-
tion for compensatory purposes or by trained vocal 
entertainers for its novelty effect. 

Although the innervation and anatomy of the true 
vocal folds have been well studied, the neuromuscu-
lar mechanism correlate for the ventricular folds is 
not well understood. Conflicts exist in the literature 
as to whether ventricular fold adduction is active or 
passive.7 It is also unclear which laryngeal muscles 
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Fig 1. Diagram of coronal section through larynx dem-
onstrates relationship of ventricularis muscle to ventricu-
lar fold. 

are responsible for active contraction.8 

In this article, we present a potential human mod-
el for the neuromuscular mechanism of ventricular 
fold adduction. We demonstrate this model by ex-
amining several cadaver human larynges for the ori-
entation of the ventricularis muscle in relation to the 
substance of the ventricular folds. To confirm the 
neuromuscular basis for adduction, we used electro-
physiological evoked responses in a porcine model. 

METHODS 

Histologic Examination. The John Kirchner lar-
ynx library of whole-organ sections at Yale Univer-
sity offers the unique opportunity to examine the 
3-dimensional histologic relationship of certain 
struc tures in the larynx. Several slides of a patient 
with a normal larynx and another patient with a his-
tory of long-standing vocal fold paralysis were ex-
amined. 

Electrophysiological Examination. A pig laryn-
geal model was selected because of its anatom ic  
and physiological similarities to the human larynx. 
Four adult Yorkshire male pigs were used for the 
study of the ventricularis muscle electrophysiolo-
gy. This method is described in detail elsewhere.9 
Briefly, each animal was given inhalational anes-
thetic, and a midline neck incision was made from 
the hyoid bone to the sternal notch and carried down 
to the larynx and trachea. Tracheotomy was then 

performed below the fourth tracheal ring to allow 
an endotracheal tube (6 mm) to be inserted into the 
trachea. The right internal branch of the superior 
laryngeal nerve (iSLN) was identified and cut just 
proximal to its entrance into the thyrohyoid mem-
brane. The recurrent laryngeal nerves (RLNs) on 
both sides were identified. Sufficient thyroid carti-
lage was removed to allow full access to, and visu-
alization of, both ventricular folds. 

An electromyography machine (NeuroMax, 
XLTEK, San Carlos, California) was used to per-
form the electrophysiological studies. To locate the 
ventricularis muscle, we inserted a pair of monopo-
lar platinum-iridium recording electrodes laterally in 
the middle portion of the ventricular fold until an in-
sertion potential was elicited. The ground electrode 
was placed in the sternocleidomastoid muscle. A bi-
polar 200-mΩ platinum-iridium stimulating elec-
trode was applied to the proximal end of the severed 
iSLN. The iSLN was then stimulated at 6 mA, and 

Fig 2. Whole-organ coronal section through human lar-
ynx demonstrates atrophy of right thyroarytenoid muscle 
and ventricularis muscle after long-standing right recur-
rent laryngeal nerve injury. Note absence of defined mus-
cle within ventricular fold itself. E — epiglottis; FC — 
false vocal cords; V — ventricle; TC — true vocal cords; 
CR — cricoid cartilage. 
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GLOTTAL CLOSURE REFLEX WITH ELECTRODE
PLACED LATERAL TO FALSE VOCAL FOLD

 Patient Latency (ms) Amplitude (mV)

 1 14.7 0.2
 2 15 0.1
 3 14.7 0.2
 4 14.7 0.3
 5 15.7 0.2
 6 14.7 0.2
 7 16.3 0.5
 8 13.3 0.3
 9 14 0.5
 10 14.3 0.4
 11 17 0.3
 12 15 0.4
 Mean 14.95 0.3

Fig 3. Evoked response electromyogram from subject 1. 
Electrostimulus was presented to right superior larynge-
al nerve (internal branch), and recordings were obtained 
from ipsilateral ventricularis muscle. 

the ventricular folds were observed for adduction; 
the evoked potential from the ventricularis muscle 
was then recorded. The ipsilateral RLN was then 
sectioned, and the experiment was repeated. Finally, 
the RLN itself was stimulated, and the m-wave from 
the ventricularis muscle was recorded. 

RESULTS 

Histologic examination of the whole-organ sec-
tion of the larynx began with identification of the 
ventricularis muscle. The fibers appeared to be ori - 
ented in an anterior-posterior direction, as opposed 
to the more inferior oblique fibers of the thyroary-
tenoid muscle proper. The fibers were found later-
al to the fibrofatty substance of the ventricular fold 
(Fig 1). In the patient with right-sided RLN paraly-
sis, the right thyroarytenoid and ventricularis mus-

cles were both significantly atrophied (Fig 2). 

Confirming the observation that the ventricularis 
muscle is innervated by the RLN are the following 
electrophysiological observations. In each of the 4 
pigs, stimulation of the iSLN at 6 mA resulted in 
evoked ventricularis muscle potentials with average 
latencies of 15 ms obtained over 3 stimulus presenta-
tions per subject (Fig 3). The ipsilateral R1 respons-
es with their standard deviations are summarized in 
the Table. Ventricular fold adduction was observed 
after activation of the ventricularis muscle. No 
evoked potentials could be recorded from the fibro-
fatty tissue within the ventricular fold itself. When 
the ipsilateral RLN was severed, stimulation of the 
iSLN produced no ventricular fold adduction or ac-
tivation of the ventricularis muscle. Direct stimula-
tion of the RLN, however, produced characteristic 
nerve muscle unit potentials, as well as ventricular 
fold approximation. On the basis of well-established 
assumptions that nerve conduction velocity approxi-
mates 5 cm/ms, that the average length of neural cir-
cuitry from the cut end of the iSLN to the brain is 
20 cm and that from the brain to the larynx via the 
RLN is 40 cm, and that each central synaptic delay 
is 1.5 ms,10 the data support the organizational mod-
el shown in Fig 4. 

DISCUSSION 

Although Santorini provided the first illustrations 
of the ventricular folds in 1775, he was mystified by 

Fig 4. Organizational model of ipsilateral R1 reflex path-
way. Lt. NA — left nucleus ambiguus; Lt. NTS — left nu-
cleus tractus solitarius; iSLN — internal branch of supe-
rior laryngeal nerve; RLN — recurrent laryngeal nerve. 



their function. It was not until 1860, 6 years after 
Garcia’s introduction of indirect laryngoscopy, that 
Czermak first recognized a function for the ventric-
ular folds in the production of pathological phona-
tion.2 Negus attributed the main function of the false 
vocal folds to regulation of intrathoracic and intra-
abdominal pressure. More recent studies have also 
provided evidence of the ventricular folds in “nor-
mal” vocal production.6,11 Although understanding 
of the importance of the ventricular folds in normal 
human physiology is mounting, their mechanism of 
action remains poorly understood, in part because the 
anatomy in this area is not well described. The inner-
vation of the ventricular folds has also remained an 
enigma. Although conventional wisdom leads one to 
believe that ventricular fold adduction would be ac-
tivated by the RLN, there have been many cases in 
which adduction has been observed in the presence 
of ipsilateral vocal fold paresis. This finding has led 
some to suggest an alternative to RLN innervation as 
a mechanism of ventricular fold adduction, such as 
passive closure by the external laryngeal muscles in-
nervated by the glossopharyngeal nerve.8 Our study 
is the first to address this issue with both histolog-
ic and electromyographic evidence. Evidence from 
our study suggests that ventricular fold adduction 
is caused by the action of the ventricularis muscle, 
which is innervated solely by the ipsilateral RLN. 
It is our opinion that ventricular fold adduction is 
conferred by contraction of the ventricularis mus-

cle lateral to it, with active displacement of the ven-
tricular fold medially. Once the ventricularis muscle 
positions the folds medially, they act like an outflow 
valve to prevent the escape of air (Fig 5). Kotby et 
al12 described the histologic regional anatomy of the 
ventricle in detail. They described the anatomy of 
the distinct ventricularis muscle lateral to the folds, 
but thought it was too small to contribute to their 
forceful closure. The valvular nature of both the 
ventricular and vocal folds as described by Negus 
can explain the lack of a powerful contraction force 
of the muscle. As to the observation of ventricular 
fold compensation in the presence of RLN paralysis, 
a plausible explanation might be incomplete paresis. 
It is possible that the fibers that innervate the ven-
tricularis muscle are more resistant to injury than are 
the fibers to the thyroarytenoid muscle. 

The adduction of the ventricular folds during nor-
mal swallow function, as opposed to their limited 
motion during normal phonatory effort, suggests 
that selective neuromuscular control is possible in 
both healthy and diseased populations.13 A neuro-
muscular basis of selective positional control of the 
ventricular folds has implications for new schooling 
strategies in rehabilitation and other vocal training 
programs. It is our hope that the evidence provided 
here unifies our collective understanding and helps 
to dispel a long-standing mystery surrounding this 
component of human laryngeal function. 
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Fig 5. Diagram of axial view through 
glottis demonstrates mechanism of ven-
tricular fold adduction produced by con-
traction of ventricularis muscle. 
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for Laryngeal Regeneration 
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Objectives: Although considerable progress has been made in regenerative medicine, a quantum step would be the re-
placement and/or regeneration of functional muscle tissue. For example, although patients’ airways can now be success-
fully replaced with stem cell–based techniques, a much greater patient need would be addressed by regeneration of the 
muscles required for engineering a functional larynx, in which active movement is critical. The rabbit cricoarytenoid 
dorsalis muscle was chosen for the present study because it is equivalent to the posterior cricoarytenoid muscle, the only 
significant abductor muscle in human larynges.

Methods: Rabbit cricoarytenoid dorsalis muscles were harvested, and different decellularization methods were com-
pared by use of a combination of histologic, immunohistochemical, and molecular techniques. Decellularized scaffolds 
were implanted into Sprague-Dawley rats as part of a 2-week biocompatibility study to assess immunogenicity.

Results: Decellularization with a combination of latrunculin B, potassium iodide, potassium chloride, and deoxyribonu-
clease resulted in total DNA clearance and reduced levels of major histocompatibility complex class II expression, with 
relative preservation of the scaffold’s structural integrity (collagen, elastin, and glycosaminoglycan content). The scaf-
folds showed minimal signs of rejection at 2 weeks in a cross-species (xenotransplantation) study.

Conclusions: Decellularized laryngeal muscles, which are nonimmunogenic, may provide the optimal scaffold source 
for the generation of a fully functional tissue-engineered larynx.

Key Words: laryngeal regeneration, scaffold, skeletal muscle, tissue engineering.
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INTRODUCTION

Although considerable progress has been made in 
regenerative medicine, a quantum step would be the 
replacement and/or regeneration of functional mus-
cle tissue. This would address major unmet clinical 
needs in cases of extensive trauma and surgical re-
section, particularly for cancer, as well as extend the 
range of organs that can potentially be replaced to 
include those in which active movement is critical.1 
Although patients’ airways can now be successfully 
replaced with stem cell–based techniques,2,3 many 
more unmet patient needs would be addressed by 
providing the muscles required for engineering mov-
ing cranial tissues and organs, such as the larynx.4

For patients with bilateral laryngeal nerve paraly-
sis, including laryngeal transplant recipients,5-7 the 
critical activity that requires restoration is the open-
ing of the laryngeal aperture during inspiration. In 
mammals, this action is served by a single muscle, 

the cricoarytenoid dorsalis (CAD) muscle. Because 
of the acquisition of an erect posture, this is called 
the posterior cricoarytenoid (PCA) muscle in hu-
mans. The CAD/PCA muscle is the only intrinsic 
muscle of the larynx that opens the vocal folds; it is 
therefore a singularly critical muscle in the mainte-
nance of normal respiration.

The CAD/PCA muscle has ideal characteris-
tics for a novel bioengineering approach. First, it 
is a thin, flat muscle, 4 to 5 mm in depth and 1.5 
to 2.0 cm long in humans, so replication of whole 
CAD/PCA muscles is entirely feasible. Second, the 
fact that it has a single neurovascular pedicle entry 
point facilitates the development of reinnervation 
and revascularization technologies. Third, its myo-
sin heavy chain fiber type distribution has been ex-
tensively studied in humans and animals, including 
rabbits.8 In some species the CAD muscle has sepa-
rate layers with distinct functions, but the fact that 
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in rabbits the CAD muscle is a single functional unit 
facilitates the assessment of functional outcomes.9 
Finally, because it is a paired muscle, comparison 
with the normal, unoperated side presents an ideal 
internal control in preclinical studies. Rabbits are 
small enough to permit cost-effective studies with 
good statistical power, but large enough for func-
tional outcomes to be easily measured by, for exam-
ple, endoscopic assessment of vocal fold mobility 
and electromyography.

In the current study, we used a tissue engineer-
ing approach to successfully decellularize the rab-
bit CAD muscle and characterize it in vitro using 
a combination of histologic, immunohistochemical, 
and molecular techniques. To confirm its nonimmu-
nogenic status, we implanted the scaffolds into rats 
as part of a 2-week in vivo biocompatibility study.

MATERIALS AND METHODS

ANIMALS AND MUSCLE PREPARATION

The larynges were removed from adult donor rab-
bits (New Zealand white) from unrelated studies af-
ter euthanasia by anesthetic overdose. All surgeries 
and animal handling were performed in accordance 
with The Animals (Scientific Procedures) Act 1986 
and Home Office Codes of Practice. Relevant ethics 
approval was sought and granted by the Northwick 
Park Institute for Medical Research. The CAD mus-
cle was dissected from each larynx and was used ei-
ther fresh or decellularized.

For the 2-week biocompatibility study, 6 fresh 
CAD muscles and 6 decellularized CAD muscles 
were implanted under aseptic technique into a sub-
cutaneous position within the anterior abdominal 
wall of Sprague-Dawley rats after preoperative ster-
ilization of the CAD muscles with ultraviolet light 
treatment. The rats were weighed immediately be-
fore surgery and again before euthanasia. The rats 
were euthanized at 2 weeks by anesthetic overdose, 
at which point the explants were harvested and pro-
cessed.

DECELLULARIZATION PROTOCOLS

Freeze-Thaw. The CAD muscles were frozen at 
–20°C for at least 24 hours and then thawed and pro-
cessed.

Detergent-Only Treatment Using 2% Sodium Do-
decyl Sulfate. The CAD muscles were immersed in 
2% sodium dodecyl sulfate (SDS) at room tempera-
ture for 4 hours, under both static (without agitation) 
and dynamic (with agitation on an orbital shaker) 
conditions.

Enzymatic-Only Treatment Using Deoxyribonu-
clease. The CAD muscles were treated solely with 

deoxyribonuclease (DNase) without detergent (2,000 
kU deoxyribonuclease I in 1 mol/L sodium chloride 
for 3 hours at room temperature; all Sigma-Aldrich 
chemicals, Dorset, England).

Detergent-Enzymatic Treatment Using Sodium 
Deoxycholate and DNase. The samples were treated 
according to previous studies.2-4,10,11 In brief, tissue 
was washed in distilled water, followed by treatment 
with 4% sodium deoxycholate for 4 hours at room 
temperature and 2,000 kU deoxyribonuclease I in 1 
mol/L sodium chloride for 3 hours at room temper-
ature (all Sigma-Aldrich chemicals). The treatment 
took place under both static (without agitation) and 
dynamic (with agitation on an orbital shaker) condi-
tions.

Decellularization Without Detergents or Proteo-
lytic Enzymes. The samples were treated accord-
ing to the method of Gillies et al.12 Briefly, CAD 
muscles were incubated in 50 nmol/L latrunculin B 
(Sigma-Aldrich) in high-glucose Dulbecco’s modi-
fied Eagle’s medium (Gibco, Paisley, Scotland) for 
2 hours at 37°C. All further steps were performed at 
room temperature. The CAD muscles were washed 
with distilled water twice for 15 minutes between 
incubation steps. After incubation in latrunculin B, 
the muscles were incubated in 0.6 mol/L potassium 
chloride (Sigma-Aldrich) for 2 hours, followed by 
1.0 mol/L potassium iodide (Sigma-Aldrich) for 2 
hours. After the salt solution incubations, the mus-
cles were washed in distilled water overnight, and 
then the potassium chloride and potassium iodide 
incubations were repeated, followed by incubation 
in 1 kU/mL DNase I (Sigma-Aldrich) for 2 hours. 
Finally, the treated muscles were washed in distilled 
water for a minimum of 2 days with daily water 
changes to remove remaining reagents and residu-
al DNA. The treatment took place under both static 
(without agitation) and dynamic (with agitation on 
an orbital shaker) conditions.

HISTOLOGIC ASSESSMENT

The samples were fixed in 10% neutral-buffered 
formalin for at least 24 hours. They were embedded 
in paraffin, sectioned at 5 μm, and stained with he-
matoxylin and eosin (H & E), picrosirius red, and 
Miller’s elastin stains.

The density of cells infiltrating the control or de-
cellularized scaffolds was obtained by 2-dimension-
al unbiased stereological quantification using an 
unbiased sampling frame and a tessellation pattern 
(Kinetic Imaging Stereology Software, version 5.0, 
Kinetic Imaging Ltd, Nottingham, England). Cellu-
lar infiltrate was evaluated blindly by quantifying 
nuclear density. Nuclear density was calculated with 
the formula ΣQ/(ΣP × Af), where ΣQ represents the 
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total number of nuclei counted across the section, 
ΣP represents the total number of frames, and Af 
represents the area of the unbiased sampling frame.

IMMUNOHISTOCHEMICAL ANALYSIS
(MAJOR HISTOCOMPATIBILITY COMPLEX CLASS II)

We cut 5-μm paraffin sections of fresh and decel-
lularized CAD muscle and mounted them on slides 
coated with (3-aminopropyl)triethoxysilane (Sig-
ma-Aldrich). The sections were dewaxed and rehy-
drated by 2 changes of xylene followed by a sequen-
tial alcohol gradient and rinsed in cold, running tap 
water. The slides were placed in a humidification 
chamber, and endogenous peroxidase was blocked 
by incubation with 3% hydrogen peroxide in metha-
nol (Sigma-Aldrich) for 30 minutes at room temper-
ature. Antigen retrieval was required with 1 minute 
of proteinase K (Dako UK Ltd, Ely, England). Non-
specific binding sites were blocked with 2.5% horse 
serum (Vector Laboratories Ltd, Peterborough, Eng-
land) at room temperature for 30 minutes.

The sections were incubated with the monoclonal 
primary antibody (anti–human leukocyte antigen 
receptor DRα produced in mouse; TH14B, VMRD 
Inc, Pullman, Washington) overnight at 4°C at 1:50 
dilution in phosphate-buffered saline solution. After 
washing, the sections were exposed to the second-
ary antibody (Immpress anti-mouse immunoglobu-
lin G [peroxidase] kit, Vector Laboratories) for 30 
minutes at room temperature. After washing, a sub-
sequent reaction was carried out with the chromoge-
nic substrate diaminobenzidine (Immpact peroxi-
dase substrate, Vector Laboratories) for 3 minutes at 
room temperature. The sections were then counter-
stained in Harris’s hematoxylin for 45 seconds and 
in 0.5% aqueous eosin for 10 seconds before dehy-
drating, clearing, and mounting. Negative controls 
were carried out in the same way, except that the pri-
mary antibody was omitted and phosphate-buffered 
saline solution was used instead. Rabbit spleen was 
used as a positive control.

DNA exTRAcTioN AND QuANTificATioN

The DNA was extracted from fresh and decel-
lularized CAD muscles with use of the GenElute 
mammalian genomic DNA miniprep kit (Sigma-
Aldrich) as per the manufacturer’s instructions. In 
brief, 25 mg of minced wet tissue was placed in a 
microcentrifuge tube containing proteinase K and 
placed in a water bath set at 55°C for 4 hours with 
regular vortexing at 30- to 60-minute intervals. Af-
ter complete digestion, the samples were incubated 
with ribonuclease A solution at room temperature 
for 2 minutes. The samples were incubated with ly-
sis reagents from the DNA extraction assay kit and 
incubated at 70°C for 10 minutes. Columns were 

then prepared for binding DNA, and the lysate was 
loaded. The DNA was subsequently washed to re-
move contaminants and was finally eluted in 200 μL 
of a Tris–ethylenedia minetetraacetic acid solution.

The absorbances at 260 nm and 280 nm were  
measured with a self-masking quartz microcuvette 
and a spectrophotometer (Helios Alpha, Thermo 
Fisher Scientific, Loughborough, England). Sam-
ples were diluted, when necessary, in order to obtain 
an absorbance reading between 0.1 and 1.0. From 
the absorbance readings, the absolute amount of 
DNA per milligram of tissue was calculated.

In order to confirm the above assay, to determine 
the size and quality of the genomic DNA obtained, 
and to verify the presence or absence of RNA, we 
performed DNA agarose gel electrophoresis. A gel 
containing 0.8% agarose in 0.5X Tris–borate–eth-
ylenediaminetetraacetic acid buffer was used, with 
the gel running at 4 to 5 V/cm between the elec-
trodes. equal volumes of DNA (2 μL) were load-
ed into each well, including a negative control of 
diethylpyrocarbonate-treated water. DNA was visu-
alized by staining with ethidium bromide and mea-
sured against a 1-kb DNA ladder (Q-Step 4 quanti-
tative DNA ladder, Yorkshire Bioscience Ltd, York, 
England). Visualization of the gel was performed 
with chemiDoc system and Quantity one analysis 
software, version 4.4.0 (Bio-Rad Laboratories Ltd, 
Hemel Hempstead, England).
coLLAgeN QuANTificATioN

The collagen content of fresh and decellularized 
CAD muscles was quantified with the Sircol col-
lagen assay kit (Biocolor, Carrickfergus, Northern 
Ireland). In brief, 50 mg of minced wet tissue was 
weighed and placed in a microcentrifuge tube con-
taining 1.5 mL acid-pepsin extraction medium (0.1 
mg/mL pepsin in 0.5 mol/L acetic acid), and togeth-
er they were incubated overnight at 4°C. Aliquots 
of each sample were mixed with acid-neutralizing 
reagent and collagen isolation and concentration 
reagents, and placed in an ice-slurry mixture over-
night at 4°C. Aliquots of each sample were mixed 
with Sirius red dye in picric acid and reagents from 
the collagen assay kit. The absorbance at 555 nm 
was measured with a spectrophotometer and com-
pared to a plot of standards made from type I bo-
vine skin collagen to determine the absolute colla-
gen content.

gLycoSAMiNogLycAN QuANTificATioN

The sulfated glycosaminoglycan (GAG) content 
of fresh and decellularized CAD muscles was quan-
tified with the Blyscan GAG assay kit (Biocolor). In 
brief, 50 mg of minced wet tissue was weighed and 
placed in a microcentrifuge tube containing 1 mL 
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of papain digestion buffer, and together they were 
incubated in a water bath set at 65°C for 18 hours, 
with occasional tube removal and vortexing. Ali-
quots of each sample were mixed with 1,9-dimeth-
yl-methylene blue dye and reagents from the GAG 
assay kit. The absorbance at 656 nm was measured 
with a spectrophotometer and compared to a plot of 
standards made from bovine tracheal chondroitin-4-
sulfate to determine the absolute GAG content.

STATISTICAL ANALYSIS

Data were calculated as mean ± standard error, 
and significance was determined by performing 
1-way analysis of variance with Tukey-Kramer mul-
tiple comparison posttests, 2-tailed Student’s t-tests, 
or Mann-Whitney tests (Prism 5; GraphPad Soft-
ware, La Jolla, California). A p value of less than 
0.05 was considered to be significant.

RESULTS

HISTOLOGIC ANALYSIS 

We compared freshly isolated CAD muscle (Figs 
1A and 2A) with different CAD muscle decellular-
ization protocols, namely, freeze-thaw only, deter-
gent-only treatment with 2% SDS, enzymatic-only 
treatment with DNase, detergent-enzymatic treat-
ments using a combination of sodium deoxycholate 
and DNase, and finally a nondetergent, nonenzy-
matic treatment using a combination of latrunculin 
B, potassium chloride, potassium iodide, and DNase 

(LB/KCl/KI/DNase). The histologic differences are 
shown in Figs 1 and 2. Successful decellularization 
was defined as the absence of nuclei, with relative 
preservation of tissue morphological features.

Freeze-thaw treatment resulted only in the sepa-
ration of the muscle fibers and a distortion in overall 
tissue architecture (Fig 1B). Treatment with 2% SDS 
resulted in the complete loss of normal tissue archi-
tecture such that the decellularized tissue no lon-
ger resembled the original tissue (Fig 1C), irrespec-
tive of whether static or dynamic decellularization 
was used (data not shown). Treatment with DNase 
only resulted in inadequate clearance of nuclei (Fig 
1D). Sodium deoxycholate plus DNase resulted in 
reasonable clearance of nuclei and maintenance of 
tissue morphology (Fig 1E), but occasional nuclei 
could still be visualized at high-power magnifica-
tion, even when a dynamic decellularization method 
was used (Fig 1E, inset). Decellularization with LB/
KCl/KI/DNase resulted in the complete loss of mus-
cle nuclei (Fig 1F), even at high-power magnifica-
tion (Fig 1F, inset), with a well-preserved structure 
that closely resembled the tissue of origin.

In order to qualitatively assess the extent of pres-
ervation of both collagen and elastin fibers during 
decellularization, we used picrosirius red and Mil-
ler’s elastin stains. Under bright-field microscopy, 
collagen stains red on a pale background, whereas 
under plane-polarized light, collagen displays bire-
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Fig 1. Histologic examination with hematoxylin and eosin staining comparing different decellularization protocols (original 
×200; insets, original ×400). A) Control (fresh) cricoarytenoid dorsalis (CAD) muscle. B) Freeze-thaw only. C) Detergent-only 
treatment with 2% sodium dodecyl sulfate (SDS). D) Enzymatic-only treatment with deoxyribonuclease (DNase). E) Detergent-
enzymatic treatment with 4% sodium deoxycholate and DNase. F) Nondetergent, nonenzymatic treatment with latrunculin B, 
potassium chloride, potassium iodide, and DNase (LB/KCl/KI/DNase).
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fringence due to its molecular order and larger (and 
therefore nondegraded) collagen fibers stain bright 
yellow.

Decellularization with 2% SDS resulted in sig-
nificant collagen and elastin degradation (Fig 2B), 
whereas LB/KCl/KI/DNase resulted in less degra-
dation (Fig 2D); the effect of sodium deoxycholate 

and DNase was intermediate between that of 2% 
SDS and LB/KCl/KI/DNase (Fig 2C).

MOLECULAR ANALYSIS

DNA Quantification. We quantitatively assessed 
the amount of genomic DNA in the decellularized 
scaffolds relative to that in fresh CAD muscle. The 
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Fig 2. Histologic examination. Top row — picrosirius red stain under standard bright-field microscopy (original ×40). Middle 
row — picrosirius red stain under polarized light (original ×40). Bottom row — Miller’s elastin stain (original ×400). A) Con-
trol (fresh) CAD muscle. B) Detergent-only treatment with 2% SDS. C) Detergent-enzymatic treatment with 4% sodium deoxy-
cholate and DNase. D) Nondetergent, nonenzymatic treatment with LB/KCl/KI/DNase.

Fig 3. DNA quantification of control and decellularized CAD muscle. A) DNA quantification by DNA extraction assay. Data are 
presented as mean ± standard error of mean. Asterisk — p < 0.001; ns — not significant. B) Agarose gel electrophoresis.



results are shown in Fig 3 and correlate well with the 
histologic results. Decellularization with LB/KCl/KI/
DNase resulted in a complete loss of nuclei and un-
detectable DNA levels relative to control CAD mus-
cle (analysis of variance; p < 0.001). No significant 
difference was seen between static and dynamic de-
cellularization methods with respect to LB/KCl/KI/
DNase (analysis of variance; p > 0.05). Detergent-
enzymatic decellularization with sodium deoxycho-
late and DNase failed to clear the nuclei on H & E 
staining, and residual DNA was detected both in the 
assay (Fig 3A) and as a fainter band on the agarose 
gel compared with control CAD muscle (Fig 3B).

Collagen and GAG Quantification. The collagen 
and sulfated GAG content of the control CAD mus-
cle and decellularized scaffolds were assessed quan-
titatively. Decellularization by LB/KCl/KI/DNase 
resulted in relative preservation of collagen and 
GAG content within the decellularized tissue (Figs 
4 and 5).

IMMUNOHISTOCHEMICAL ANALYSIS

Major Histocompatibility Complex Class II. Hav-
ing established that decellularization by LB/KCl/
KI/DNase resulted in a complete loss of nuclei and 
superior structural properties compared to alterna-
tive decellularization protocols, we compared ma-
jor histocompatibility complex (MHC) class II (hu-
man leukocyte antigen receptor DRα) levels in con-
trol CAD muscle versus decellularized CAD muscle 
with LB/KCl/KI/DNase (Fig 6). As predicted, de-
cellularization resulted in a complete loss of MHC 
class II expression on the surface of skeletal mus-
cle fibers. Relevant negative controls (omission of 

the primary antibody but inclusion of the second-
ary antibody) were performed in parallel to confirm 
that the staining observed was not nonspecific back-
ground staining.

BIOCOMPATIBILITY STUDY

Fresh and decellularized (LB/KCl/KI/DNase) 
rab bit CAD muscles were implanted into a subcu-
taneous position in Sprague-Dawley rats as part of a 
cross-species xenotransplantation model in order to 
test the hypothesis that the decellularized scaffolds 
would fail to elicit a rejection response from the 
host, in view of the absence of nuclei and decreased 
MHC class II expression in the decellularized scaf-
folds (Fig 7A). Two fresh CAD muscles (acting as a 
control) and two decellularized CAD muscles were 
implanted for 2 weeks into each rat on different sides 
of the body (Fig 7B). Over the course of the experi-
ment, the rats remained healthy and showed no overt 
signs of local inflammation. The rats increased in 
weight from a mean of 322.6 g at the start of the 
study to 381.2 g at 2 weeks after scaffold implanta-
tion (2-tailed paired Student’s t-test; p < 0.0096).

At 2 weeks, the explants were removed (Fig 7B) 
and processed for routine H & E histologic exam-
ination and 2-dimensional unbiased stereological 
quantification (Figs 8 and 9). A dense cellular and 
inflammatory infiltrate was seen penetrating the 
control (fresh CAD) muscle, indicative of an acute 
rejection response by the host to the donor tissue. 
In addition, there were signs of degradation of the 
CAD muscle fibers. In sharp contrast, the decellu-
larized CAD muscle showed a paucity of cells in-
filtrating the scaffold, with a marked reduction in 
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Fig 4. Collagen content quantification of control and de-
cellularized CAD muscle. Data are presented as mean ± 
standard error of mean. Asterisk — p < 0.001.

Fig 5. Sulfated glycosaminoglycan quantification of con-
trol and decellularized CAD muscle. Data are presented 
as mean ± standard error of mean. Asterisk — p < 0.001.



A B

inflammatory cells and relative preservation of mus-
cle fibers.

DISCUSSION 

Probably the greatest challenge in developing a 
fully functional tissue-engineered larynx suitable 
for the replacement of a diseased, dysfunctional, or 
injured larynx is the ability to generate muscle, as 
would be required to reproduce normal vocal fold 
movements to allow laryngeal speech, breathing, 
and protection of the airway from aspiration.1 In vi-

tro engineering of functional skeletal muscle tissue 
would also be vital in reconstructive surgery, partic-
ularly for the repair of congenital defects and in cas-
es in which a large amount of muscle has been lost 
after trauma, oncological resection, or prolonged 
denervation.13,14

The prime requirements for any scaffold in tissue 
engineering are biocompatibility, nonimmunogenic-
ity, the capacity to sustain and/or promote the growth 
of the relevant cells and/or tissue, and provision of 
a template for tissue growth in three dimensions.15 
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Fig 6. Immunohistochemical examination demonstrates major histocompatibility complex class II (human leukocyte antigen 
receptor DRα) expression in rabbit cAD muscle (original ×400; inset, original ×1,000 with oil immersion lens). A,D) Rabbit 
spleen. B,E) Fresh CAD muscle. C,F) Decellularized CAD muscle. Relevant negative controls (D-F; omission of primary anti-
body but inclusion of secondary antibody) and positive controls (A; immunohistochemical analysis of spleen) were performed 
simultaneously. Arrow and arrowheads — surface major histocompatibility complex class II staining.

Fig 7. Two-week in vivo biocompatibility study. A) Control (fresh) and decellularized rabbit CAD muscle was implanted into 
Sprague-Dawley rats. Implanted constructs were entirely noncartilaginous and consisted of approximately rectangular pieces 
of fresh or decellularized (shown) CAD skeletal muscle. B) Appearance after 2 weeks, immediately before explantation. Two 
control (2 × Ctrl) CAD muscles were placed on one side of the anterior abdominal wall, and 2 decellularized (2 × D/C) CAD 
muscles were placed on the contralateral side in each rat.
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Fig 9. Quantification of cells per high-power field (origi-
nal ×400) in control and decellularized scaffolds. Nucle-
ar density was quantified with 2-dimensional unbiased 
stereology. Asterisk — p < 0.001.

Fig 8. Histologic analysis (hema-
toxylin and eosin staining) after 
2-week biocompatibility study 
(top row, original ×40; bottom 
row, original ×200). A) Control 
(fresh) CAD muscle. B) Decellu-
larized CAD muscle.

Many different materials (natural and synthetic; bio-
degradable and permanent) have been investigated 
for this purpose; details are beyond the scope of this 
article and have been reviewed elsewhere.16-19

Recently, increasing evidence has revealed that 
acellular, nonimmunogenic matrices, obtained with 
the detergent-enzymatic method, act as scaffolds 
and can stimulate in vivo the ingrowth of host cells, 
matrix formation, and the binding of new cells and 
matrix to host tissue, with biomechanical proper-
ties comparable to those of native tissue. Scaffolds 
derived from decellularized tissues have been used 
successfully both in preclinical animal studies and 
in human clinical applications.2-4,11,16,20

To our knowledge, ours is the first study to report 
the successful decellularization of the rabbit CAD 
muscle — the equivalent of the human PCA muscle 
that is the singularly critical muscle in abduction of 
the vocal folds to enable inspiration. Using a nonde-
tergent, nonenzymatic decellularization protocol with 
LB/KCl/KI/DNase, we achieved complete clearance 
of nuclei and DNA as evidenced by H & E staining 
and DNA quantification. The focus upon nucleic ma-
terial is justified because DNA is directly correlat-
ed with adverse host reactions21-23 and, because it 
is ubiquitous across tissue and cell types, provides a 
useful measure of the extent of decellularization and 
the degree to which cellular remnants remain.

Staining with picrosirius red and Miller’s elastin 
stains and biochemical analyses indicated a relative 
preservation of collagen, elastin, and GAG compared 
with native tissue. This is in agreement with another 
recent study that similarly demonstrated satisfactory 
decellularization of the mouse tibialis anterior mus-
cle with the same protocol.12 Thus, we demonstrate 
here that the same decellularization protocol can 
also be successfully used to decellularize the rab-
bit CAD muscle. In addition, we extend the work of 
the previous study by demonstrating that the decel-
lularization process leads to a significant reduction 
in surface MHC class II expression, with preserva-
tion of the microstructure and a marked decrease in 
the host inflammatory response in response to im-
plantation of the decellularized scaffolds into rats, 
compared with control (fresh or nondecellularized) 
tissue.
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A reduction of approximately 30% to 50% was 
observed in the GAG content of the decellularized 
tissue, which could be due to removal of GAG as-
sociated with the cell membrane24; almost 30% of 
GAG is associated with the cell membrane, and this 
GAG may have been removed with the sarcolemma 
during the decellularization process. Collagen con-
tent in the decellularized scaffolds was disrupted to 
a lesser degree; hence, this method did not remove 
the most abundant extracellular matrix structural 
component.

Previous attempts to decellularize skeletal mus-
cles have incorporated relatively harsh detergent 
and enzymatic treatments, such as Triton X-100, so-
dium deoxycholate, SDS, and trypsin.25-27 By using 
a nondetergent, nonenzymatic decellularization pro-
tocol, we were able to maintain the structural, bio-
chemical, and mechanical properties of the skeletal 
muscle extracellular matrix.

In skeletal muscle, the extracellular matrix is an 
important structural component for the development 
of muscle fibers; it provides the proper mechanical 
and chemical environment for the proliferation and 
differentiation of myogenic progenitor cells, and it 
releases chemical signals to the surrounding environ-
ment that attract macrophages and progenitor cells 
that aid in the repair process.28-30 In addition, the de-
cellularized extracellular matrix serves as a platform 
for the growth of functional muscle, blood vessels, 

and nerve tissue.26,31,32 It is not currently clear to 
what extent seeding of cells is required on the de-
cellularized scaffolds. In a recent series of studies, 
the use of decellularized scaffolds alone resulted in 
restoration of tissue morphological features, but not 
in functional recovery.26 When mesenchymal stem 
cells were seeded onto the scaffolds, there was an 
improvement in functional recovery.27

Further work is necessary to characterize the cells 
that are seen infiltrating the decellularized scaffold 
at 2 weeks and to determine the effects of leaving 
the decellularized scaffolds implanted for longer pe-
riods of time. It will also be important to determine 
whether function can be restored in a laryngeal mus-
cle injury model and whether (and to what extent) 
cellular seeding will be required in order to achieve 
this goal. Finally, it will be important to determine 
whether the CAD muscle–recurrent laryngeal nerve 
unit can be decellularized and transplanted as a sin-
gle entity.33,34

CONCLUSIONS

This study demonstrates the capability of gener-
ating nonimmunogenic, decellularized intrinsic la-
ryngeal muscles while maintaining their structural 
integrity. Such skeletal muscle extracellular matri-
ces may provide the optimal scaffold source for the 
regeneration of functional cranial tissues and organs 
such as the larynx, face, and tongue.
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Neuronal Mechanisms Underlying the Laryngeal Adductor Reflex 

Qi-Jian Sun, PhD; Jia Min Chum, MBBS; Tara G. Bautista, BMedSci;
Paul M. Pilowsky, BMBS, PhD; Robert G. Berkowitz, MD, FRACS 

Objectives: Electromyographic studies of the laryngeal adductor reflex, glottal closure occurring in response to laryngeal 
stimulation, have demonstrated an early ipsilateral response (R1) and a late bilateral response (R2). To better define the 
physiologic properties of these responses, we recorded responses from expiratory laryngeal motoneurons (ELMs) in rats 
during stimulation of the superior laryngeal nerve (SLN). 

Methods: Single unit extracellular recordings were obtained from 5 ELMs, identified by their antidromic responses to 
recurrent laryngeal nerve stimulation and postinspiratory firing pattern, in 4 Sprague-Dawley rats. 

Results: Unilateral stimulation of the SLN (at 20 Hz) stopped both phrenic nerve inspiratory activity and ELM postin-
spiratory activity. However, the ELMs displayed robust tonic firing, consisting of non-respiratory burst activity and 
single action potentials. The single action potentials were identified as short-latency ones (5 to 10 ms) activated by ipsi-
lateral SLN stimulation, with an occurrence rate of 90%, and long-latency ones (20 to 50 ms) activated by bilateral SLN 
stimulation, with occurrence rates of 47% on the ipsilateral side and 58% on the contralateral side. 

Conclusions: The R1 response appears to be the result of the short-latency action potentials, orthodromically activated 
by ipsilateral stimulation of the SLN. The R2 response is likely to be a result of the long-latency action potentials that can 
be recorded from ELMs on both sides. 
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INTRODUCTION 

The laryngeal adductor reflex (LAR) is the glot-
tal closure reflex that occurs in response to laryngeal 
stimulation. Normal activity of the LAR is essential 
to maintaining laryngeal competence and prevent-
ing aspiration and inappropriate glottal closure. The 
afferent limb comprises the supraglottic innervation 
by the ipsilateral internal branch of the superior la-
ryngeal nerve (SLN) to mucosal receptors, together 
with epiglottic chemoreceptors, joint receptors, and 
stretch receptors from the intrinsic laryngeal mus-
cles that contribute to the sensory input of the SLN.1 
The afferent impulses travel through the nodose 
ganglion and, in cats, terminate in the nucleus trac-
tus solitarius.2 The amino acid glutamate is thought 
to be the key excitatory neurotransmitter at the first 
central synapse of the LAR.3,4 

The efferent limb involves the external branch 

of the SLN that supplies the ipsilateral cricothyroid 
muscle and the recurrent laryngeal nerve (RLN) that 
supplies all other ipsilateral intrinsic laryngeal mus-
cles, except for the interarytenoid muscles that re-
ceive bilateral efferent innervation from the RLNs. 
The adductor motoneurons supplying these muscles 
are selectively excited while motoneurons to the 
posterior cricoarytenoid muscle that abduct the vo-
cal folds are inhibited to produce vocal fold adduc-
tion. Studies in both cats and humans have shown 
that glottal closure in response to laryngeal affer-
ent stimulation is produced by activation of the thy-
roarytenoid muscle.2 

Previous studies suggested the presence of a dual 
laryngeal adductor response to stimulation of the 
internal branch of the SLN: an early ipsilateral re-
sponse, R1, with a latency of 10 to 18 ms, and a late 
bilateral response, R2, with a latency of 50 to 80 
ms.5,6 Other features distinguishing R1 from R2 re-
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Fig 1. Dorsal view of medulla and spinal cord, 
showing sites of recordings (r) and stimula-
tions (s). NTS — nucleus tractus solitarius; NA 
— nucleus ambiguus; SLN — superior laryn-
geal nerve; RLN — recurrent laryngeal nerve; 
PN — phrenic nerve; dashed line — midline 
of medulla.  

sponses have been observed. The R1 response cor-
relates with stimulation intensity and does not re-
spond to vibratory stimuli. The R2 response is more 
readily observed in awake humans, is facilitated by 
vibratory stimuli to laryngeal mucosa, and is sup-
pressed during swallowing.2,5-9 Common to both 
R1 and R2 responses is that reflex laryngeal adduc-
tion is also facilitated by activation during the expi-
ratory phase, decreased arterial partial pressure of 
carbon dioxide, increased arterial partial pressure of 
oxygen, negative intrathoracic pressure, and hyper-
thermia.10,11

The LAR appears to have central modulation sim-
ilar to that of the blink reflex. Thus, if two stimuli 
are presented at very close intervals, reflex to the lat-
ter stimulus may be reduced in amplitude or be com-
pletely absent.2,12 Interstimulus intervals of 1 sec-
ond in humans and 400 ms in cats appear to dampen 
the R2 response in frequency and amplitude.13 Such 
conditioning plays an important role in modifying 
gag and cough reflexes that would otherwise be trig-
gered during normal swallowing.14 

In exploring this robust, vital reflex, earlier stud-
ies of the LAR included electromyography (EMG) 
following laryngeal stimulation by transesophageal, 
percutaneous, and direct open stimulation of the in-
ternal branch of the SLN, as well as by deflection 
of mechanoreceptors in the laryngeal mucosa with a 
rapid air pressure stimulus. Evoked EMG respons-
es have been obtained via endotracheal tube surface 
electrodes, bipolar vocal fold needle electrodes, 
or hook-wire electrodes in thyroarytenoid, crico-
thyroid, and posterior cricoarytenoid muscles.15-18 
However, the nature of the responses evoked in in-
dividual expiratory laryngeal motoneurons (ELMs) 
following activation of afferent neurons in the SLN 
is not well understood. Our principal objective here 
was to obtain recordings from individual ELMs and 
determine their responses to activation of the SLN 

in relation to central inspiratory activity as recorded 
from the discharge of the phrenic nerve, and to re-
late these findings to recordings of R1 and R2 re-
sponses obtained in human subjects.

METHODS 

Animal Preparation. Data were obtained from 4 
male Sprague-Dawley rats (350 to 500 g) anesthe-
tized with sodium pentobarbitone (72 mg/kg given 
by intraperitoneal injection). Atropine (0.4 mg/kg) 
was given by intraperitoneal injection in order to re-
duce bronchial secretions. The level of anesthesia 
was regularly checked by monitoring blood pres-
sure and phrenic nerve discharge (PND) in response 
to nociceptive stimuli, before administration of ad-
ditional intravenous doses of sodium pentobarbitone 
(3 mg/kg). The right femoral artery and vein were 
cannulated for measurement of arterial blood pres-
sure and drug administration, respectively. The left 
phrenic nerve, left RLN, and bilateral SLNs were 
prepared for stimulation or recording with standard 
bipolar electrodes19,20 (Fig 1). The rats were mount-
ed in a stereotaxic frame, artificially ventilated with 
oxygen-enriched air via an endotracheal tube, and 
paralyzed with intravenous administration of pan-
curonium bromide (1.6 mg/kg, with extra doses of 
0.8 mg/kg as required). The medulla oblongata and 
upper spinal cord were exposed by occipital crani-
otomy and cervical laminectomy. The body temper-
ature (36°C to 37ºC), expired carbon dioxide (4% 
to 5%) and arterial blood pressure (80 to 120 mm 
Hg) were monitored and maintained around the lev-
els indicated.  

Recording and Stimulation. Single unit extracel-
lular recordings were made with glass microelec-
trodes filled with 3 mol/L potassium chloride (re-
sistance, 5 to 10 MΩ) from the left caudal nucleus 
ambiguus, identified by recording evoked field po-
tentials after antidromic stimulation of the RLN (5 
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Fig 2. Occurrence rate of single action potentials record-
ed from expiratory laryngeal motoneurons during stimu-
lation of ipsilateral SLN. Black bar — short-latency ac-
tion potentials; gray bars — long-latency action poten-
tials; white bar — small population of action potentials 
with latencies between 10 and 20 ms.  

to 10 V; 0.2-ms duration). Recordings were consid-
ered to be from cell bodies if the spike duration was 
long (more than 0.7 ms) and biphasic spike shapes 
were present. In one of our previous studies using 
the same criteria, for recordings from somata, ex-
citatory responses were observed from all tested 
neurons when D,L-homocysteic acid was applied by 
iontophoresis.21  

The apneic threshold following SLN stimulation 
was determined by gradually increasing the stimula-
tion voltage (20 Hz; 0.2-ms duration) until the PND 
was stopped within 3 respiratory cycles during the 
SLN stimulation. During the experiment, the SLN 
was stimulated at 1.5× threshold to ensure that the 
neuronal activity recorded during the SLN stimula-
tion was not related to respiration. Central inspirato-
ry activity was monitored by recording PND, which 
was rectified and smoothed with a time constant of 
50 ms. At the end of each experiment, the rats were 
killed by intravenous injection of 3 mol/L potassium 
chloride (0.5 mL) before cessation of artificial ven-
tilation. Data are presented as mean ± SD. Student’s 
t-test was used to compare 2 variables, and an anal-
ysis of variance was used to compare more than 2 
variables.

RESULTS 

Extracellular recordings were made from ELMs 
located within 1 mm from the obex caudally, 1.8 to 
2.0 mm lateral from the midline, and 1.8 to 2.3 mm 
deep from the dorsal surface of the medulla. They 
were identified by antidromic responses following 
stimulation of the RLN with a response latency of 
2.1 ± 0.3 ms and a postinspiratory firing pattern. The 
responses in 5 ELMs were analyzed, as described 

below. 

Effect of Ipsilateral Stimulation of SLN. Three 
ELMs were studied during stimulation of the ipsi-
lateral SLN (20 Hz, 5 to 10 ms), which was applied 
at random in relation to the respiratory phase. The 
SLN stimulation stopped both inspiratory activity 
of the phrenic nerve and postinspiratory activity of 
the ELMs. However, the ELMs responded to stimu-
lation with a robust tonic activity that, upon closer 
inspection, consisted of two different components. 
One component was bursting in nature and had a fir-
ing frequency of more than 40 Hz and a duration of 
more than 200 ms. The intervals between the bursts 
were irregular, ranging from 200 ms to more than 
1,000 ms. There was no fixed response latency be-
tween the SLN stimuli and the onset of burst activ-
ity.  

The other component was single action poten-
tials that were identified between the bursts. The oc-
currence rates of single action potentials after each 
stimulation artifact of the SLN are shown in Fig 2. 
The occurrence rates between 5 and 10 ms were 
high, ranging from 82% to 100% (90% ± 9%). In 
contrast, there was hardly any action potential ac-
tivity found between 0 and 5 ms (1% ± 1%) or be-
tween 10 and 20 ms (3% ± 2%) after the SLN stim-
uli. However, during the period between 20 and 50 
ms after SLN stimulation, the occurrence rates of 
single action potentials were much higher than those 
found between 10 and 20 ms, with averages of 18% 
± 9%, 15% ± 2%, and 13% ± 5% between 20 and 30 
ms, 30 and 40 ms, and 40 and 50 ms, respectively. 
Currently, the sample sizes are too small for statisti-
cal comparisons.  

Effect of Contralateral Stimulation of SLN. The 
other two ELMs were studied during stimulation of 
the contralateral SLN (20 Hz; 5 to 10 ms). Similarly, 
both PND and postinspiratory activity were strongly 
inhibited during the SLN stimulation, and the ELM 
fired with some nonrespiratory burst activity (Fig 
3).  

In contrast to the findings following ipsilateral 
stimulation, contralateral stimulation of the SLN 
produced almost no single action potentials between 
5 and 10 ms after the SLN stimuli (3% ± 4%; Figs 
3 and 4). No action potentials were found between 
10 and 20 ms. However, during the period between 
20 and 50 ms after SLN stimulation, the occurrence 
rates of single action potentials were comparable to 
the response to ipsilateral SLN stimulation, with av-
erages of 17% ± 6%, 27% ± 3%, and 17% ± 6% be-
tween 20 and 30 ms, 30 and 40 ms, and 40 and 50 
ms, respectively (Fig 4A).  
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Because action potentials tended to cluster around 
the periods between 5 and 10 ms and between 20 
and 50 ms after SLN stimulation, we examined ac-
tion potentials that followed ipsilateral and contra-
lateral SLN stimulation during these two periods. 
The occurrence rates were 90% and 47% between 5 
and 10 ms and between 20 and 50 ms, respectively, 
after ipsilateral SLN stimulation, and they were 3% 
and 58%, respectively, after contralateral SLN stim-
ulation (Fig 4B).

DISCUSSION 

Our main finding was that the response to SLN 
stimulation recorded from ELMs that innervate the 
laryngeal adductor muscles consists of three differ-
ent components: bilateral burst activities, early sin-
gle action potentials, and late single action poten-
tials. The early action potentials were predominant-
ly ipsilateral; contralateral stimulation produced al-
most no activity. This early activity that occurred 
between 5 and 10 ms after ipsilateral stimulation 
of the SLN is redolent of EMG studies on human 
subjects that documented R1 latencies of 10 to 18 
ms.5,6 The late action potentials, in contrast, were 
found between 20 and 50 ms after either ipsilateral 
or contralateral stimulation of SLN, and at compar-

able occurrence rates. This activity would appear to 
correspond to the previously recorded R2 response 
found at latencies of 50 to 80 ms from human sub-
jects.5,6 The bilateral burst activities, being irregu-
lar and with no fixed latency after SLN stimulation, 
would appear to represent non-respiratory activities 
such as swallowing and other airway protective re-
flexes.22,23 Therefore, a major finding of this study 
is the first evidence differentiating the LAR (R1/
R2 responses) from other airway protective reflexes 
(swallowing, apnea, and cough), based on the char-
acteristics of action potentials of the laryngeal mo-
toneurons that participate in the reflexes. The for-
mer is the result of an overlapping of single action 
potentials of individual ELMs, whereas the latter are 
related to burst activity.24

We postulate that these neuronal discharges are 
directly responsible for both early and late compo-
nents of the LAR demonstrated by EMG. A shorter 
latency period, as has been found, would be expect-
ed in recording directly from laryngeal motoneurons 
in contrast to EMG recording. This difference is due 
to bypassing the delay that occurs in EMG as a con-
sequence of conduction of nerve impulses along the 
motor nerve, across multiple synaptic junctions and 
the neuromuscular junction. In addition, the fact that 
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Fig 4. Histograms of single ac-
tion potentials that are activated 
by either ipsilateral or contralat-
eral stimulation of SLN. A) Oc-
currence rate of single action 
potentials that are contralater-
ally activated by stimulation of 
SLN. Black bar — short-latency 
responses; gray bars —  long-la-
tency responses. B) Comparison 
between short-latency and long-
latency responses during ipsilat-
eral (open bars) and contralateral 
(filled bars) stimulation of SLN. 

Fig 3. Effect of 20-Hz stimulation of contralateral 
SLN. A) Neuronal activity of expiratory laryngeal 
motoneuron (ELM) and phrenic nerve discharge 
(PND) during contralateral SLN stimulation. B) 
Expansion of shaded area from A shows more de-
tail regarding single action potentials. Note that 
only long-latency action potentials (gray circles) 
are found during contralateral SLN stimulation. 
Stimulation artifacts of SLN are indicated by ar-
rows. C) Further expansion of ELM recording of 
B, with each expansion overlapped with alignment 
of SLN stimulation artifact (arrow).  



rats are much smaller than humans likely contrib-
utes to the shorter response latencies of the potential 
R1 and R2 responses recorded in the present study. 
In cats, the averaged R1 and R2 response latencies 
measured from an EMG study were 9 and 36 ms, 
respectively.2 

Electromyography is the standard method used for 
investigation of the LAR in humans. The reliability 
of the data obtained by this technique depends on 
electrode placement and the type of electrode used. 
Isolation of a particular laryngeal adductor muscle 
and elimination of other adductor activities can be 
challenging. Needle electrodes are more sensitive 
than surface electrodes, and the blunted waveform 
generated by endotracheal tube surface electrodes 
also reduces the accuracy of latency and duration 
calculations. Laryngeal EMG studies in humans 
also rely on the subject’s level of consciousness and 
cooperation in phonation, respiration, swallowing, 
or other bodily movements. Recording directly from 
laryngeal motoneurons, on the other hand, enables 
us to minimize confounders and artifacts presented 
by multiple laryngeal adductors, and allows for a 
novel approach in the ongoing study of the LAR. 
Nevertheless, the gold standard for comparison of 
our findings with EMG studies will require studies 
in the same species with EMG and motoneuron re-
cordings obtained simultaneously.  

Reinforcing the importance of this work is the 
fact that aberration of LAR activity can lead to a 
variety of functional disorders and life-threatening 
conditions. These conditions may occur as a result 
of LAR activity that is excessive or inappropriate, 
causing glottal closure that is undesirable, or LAR 
activity that is delayed or attenuated, leading to glot-
tal incompetence. For example, pathological condi-
tions that could arise from undesirable activation of 
the LAR include adductor spasmodic dysphonia, 
dystonic vocal tremor, obstructive apnea, asphyxia, 

and sudden infant death syndrome.11,13,15,17 Incoor-
dination of the LAR may be a factor in congenital 
bilateral vocal fold paralysis in newborns.25 Simi-
larly, delayed, suppressed, or incomplete laryngeal 
glottal closure may be responsible for aspiration of 
ingested material or stomach contents, often lead-
ing to acute airway distress and aspiration pneumo-
nia.2,9  

There is a close link between swallowing func-
tion and the LAR; coughing and gagging during vo-
litional swallowing is a result of physiological stim-
ulation of mucosal afferents and pathological mod-
ulation of the LAR. Without reflexive swallowing, 
secretions that pool around the larynx lead to de-
creased sensory input in the upper airway mucosa. 
This, in turn, results in alterations in the LAR, and 
consequently, infant apnea not only has been found 
to manifest a central component, but also may in-
volve peripheral factors.17 Furthermore, laryngeal 
sensory dysfunction that fails to initiate an appro-
priate LAR occurs in adults with obstructive sleep 
apnea and gastroesophageal reflux disease.26,27 It is 
this sensory component that has led to the develop-
ment of techniques that utilize the LAR in the reha-
bilitation of patients with dysphagia following par-
tial laryngectomy and stroke.28,29  

Although there is some evidence that adductor 
spasmodic dysphonia may be related to abnormali-
ties of the R1 response,30 in general, the literature 
does not address the relative significance of the R1 
and R2 responses in the overall spectrum of laryn-
geal dysfunction. Further studies of the neuronal 
components, neurotransmitters, and factors that act 
to modify LAR activity are crucial in formulating 
strategies for management of the serious disorders 
that are due to aberrations of the R1 and R2 com-
ponents of the LAR. These investigations are likely 
to take advantage of the brain stem recording tech-
niques reported in our study.
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Role of Rhinitis in Laryngitis:
Another Dimension of the Unified Airway 

Richard Turley, MD; Seth M. Cohen, MD, MPH; Adam Becker, MD;
Charles S. Ebert, Jr, MD, MPH 

Objectives: We evaluated the prevalence of dysphonia and secondary laryngeal symptoms among patients with allergic 
rhinitis (AR), nonallergic rhinitis (NAR), and no rhinitis symptoms (controls). 

Methods: Patients with rhinitis symptoms with positive and negative allergy tests were recruited from allergy clinics, 
and patients without rhinitis symptoms were recruited from an orthopedic clinic. All groups completed the Voice-Related 
Quality of Life survey (VRQOL), the mini-Rhinoconjunctivitis Quality of Life Questionnaire (mini-RQLQ), and the Re-
flux Symptom Index (RSI). 

Results: Completing the study were 134 patients with AR, 54 patients with NAR, and 62 controls. Both AR and NAR 
patients had an increased prevalence of dysphonia compared to controls (32.8% and 26.9% versus 8.1%, respectively; p 
= 0.001). When we controlled for confounding variables such as asthma, inhaled steroid use, and gastroesophageal reflux, 
patients with either AR or NAR had higher odds of dysphonia (odds ratio, 4.22; 95% confidence interval, 1.03 to 17.32). 
Patients with worse mini-RQLQ scores had lower VRQOL scores and higher RSI scores (Spearman correlation of –0.47 
and p < 0.001 and Spearman correlation of 0.6 and p < 0.001, respectively). 

Conclusions: Patients with rhinitis (AR or NAR) had a higher prevalence of dysphonia than did controls. Patients with 
worse rhinitis symptoms had worse voice-related quality of life and more severe chronic laryngeal symptoms. 

Key Words: laryngitis, rhinitis, unified airway. 
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INTRODUCTION 

Up to one third of adults experience, in their life-
time, at least one voice disorder, and such disorders 
bring significantly impaired quality of life (QOL), 
lost work productivity, and increased health care 
costs.1-3 Allergic rhinitis (AR) also is a significant 
public health burden, affecting at least 20% of the 
population.3 Additionally, the relationship between 
inflammatory disorders of the upper and lower air-
ways is becoming increasingly recognized in what 
has been described as the unified airway concept.4,5 
The idea of a unified airway is manifested in the in-
creased prevalence of lower airway disease, such as 
asthma, in patients with upper airway disease, such 
as AR, and vice versa.4 Additionally, treating one 
portion of the airway has been shown to improve 
symptoms in other areas.4 

Although the concept of the unified airway sup-
ports a connection between AR and dysphonia, the 
role of the larynx within the unified airway concept 

is not yet fully established. Recent reviews have pro-
posed that dysphonia may be caused by allergies via 
multiple mechanisms, including direct inflamma-
tion, trafficking of mucus and other material through 
the larynx from both the upper and lower airways, 
and compensatory behaviors such as coughing that 
then cause secondary laryngeal edema.5,6 

Both AR and sinonasal problems have been sug-
gested as risk factors for dysphonia.1,7 Singers with 
voice problems were 15% more likely to have AR 
than were singers without voice difficulties.8 Com-
pared to controls, patients with AR who needed al-
lergen immunotherapy were more likely to have 
dysphonia (39% versus 11%).9 On the other hand, 
some reports have not supported a link between al-
lergies, sinonasal disorders, and dysphonia. Patients 
with chronic sinusitis were no more likely to have 
acoustic voice changes or videostroboscopic abnor-
malities than were controls.10 Compared to a pla-
cebo exposure, antigen challenge did not result in 
changes in Voice Handicap Index scores or findings 
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on acoustic, aerodynamic, perceptual, or laryngeal 
examinations in allergic patients.11 Similarly, no 
differences in findings of acoustic, aerodynamic, or 
videostroboscopy evaluations were seen in allergic 
patients compared to controls.12 This lack of clarity 
on the role of AR in dysphonia supports the need for 
further investigations. 

Prior investigations have been limited by method-
ological issues. First, validated outcome measures 
have only been used in a few studies.11-13 Most 
studies exploring the association between AR and 
dysphonia have not controlled for comorbid condi-
tions or have excluded them. Although asthma and 
its treatment may cause dysphonia, this confounding 
factor’s influence on the association between AR and 
dysphonia has not been adequately addressed.14-16 
Controlling for drying medications, such as decon-
gestants and antihistamines, that may affect the voice 
and for gastroesophageal reflux (GER), a frequent 
cause of laryngeal inflammation, is important.17,18 
Examining the laryngeal symptom overlap between 
laryngopharyngeal reflux (LPR) and allergy may 
have important treatment implications.19 Whether 
patients with more severe AR symptoms have more 
severe dysphonia and secondary laryngeal symp-
toms is also relatively unknown; only one study has 
correlated an increased number of allergies with a 
greater severity of voice problems.20 Additionally, 
comparisons between patients with AR and nonal-
lergic rhinitis (NAR) may provide further insights 
about the relative roles of allergic and nonallergic 
nasal inflammation in laryngeal symptoms. 

The objective of this study was to evaluate the 
prevalence of dysphonia and secondary laryngeal 
symptoms among patients with AR, with NAR, and 
without rhinitis. Our hypothesis was that dysphonia 
and secondary laryngeal symptoms are more prev-
alent among AR and NAR patients. Furthermore, 
correlations between the severity of dysphonia and 
rhinitis symptoms were explored with validated 
QOL measures. The finding of LPR symptoms in 
patients with AR, with NAR, and without rhinitis 
was also examined. 

MATERIALS AND METHODS 

Institutional Review Board approval was ob-
tained from Duke University Medical Center. Pa-
tients complaining of rhinitis (rhinorrhea, postna-
sal drip, sneezing, nasal congestion) with or with-
out itchy nose and/or throat and itchy and/or watery 
eyes presenting for possible allergen immunothera-
py were recruited from two allergy practices. Sub-
jects were eligible for inclusion if they were Eng-
lish-speaking, 18 years of age or older, with a chief 

complaint of intermittent or persistent rhinitis, and 
presenting for possible allergen immunotherapy. All 
participants underwent skin-prick testing followed 
by intradermal skin testing. The antigen panel in-
cluded a mold, ragweed, weed, grass, and tree mix, 
as well as Penicillium notatum, Trichophyton, Can-
dida, Epidermophyton, Dermatophagoides farinae, 
Dermatophagoides pteronyssinus, cat, dog, fescue, 
and cockroach. All patients had a positive histamine 
control and a negative saline control. A positive re-
action was a wheal of at least 3 mm over the sa-
line control on skin-prick testing or less than 3 mm 
over saline control on skin-prick testing and at least 
7 mm on intradermal testing with a No. 2 dilution 
to any one antigen. A negative test was a wheal of 
less than 3 mm over the saline control on skin-prick 
testing and a wheal of no more than 6 mm on intra-
dermal testing with a No. 2 dilution for each antigen. 
Those who had positive results were placed in the 
AR group, and those with negative allergy test re-
sults were placed in the NAR group. All AR patients 
underwent immunotherapy. Those who did not meet 
the above inclusion criteria, as well as pregnant or 
lactating female patients, were excluded. 

Patients without rhinitis symptoms were recruited 
from a Duke outpatient orthopedic clinic to serve 
as a concurrent and similar socioeconomic control 
group to assess dysphonia in the general population. 
The catchment areas for the allergy and orthopedic 
clinics are similar, and the recruitments occurred 
during the same time frame. The control patients 
did not undergo formal allergy testing to confirm a 
lack of allergy, but had no self-reported symptoms 
of rhinitis. Similar use of controls without formal al-
lergy testing has been utilized in other studies.9 The 
controls were not matched for age or gender, to al-
low for the evaluation of these variables on the rela-
tionship between rhinitis and dysphonia. 

All participants were given a written questionnaire 
that included questions about demographics, voice 
problems, and related health information, including 
questions about allergies, asthma, medication use, 
and GER. The primary outcome was whether or 
not the participants had dysphonia. Secondary out-
come variables were the secondary laryngeal symp-
toms including cough, postnasal drip, globus sen-
sation, sore throat, and throat clearing. Dysphonia 
was defined as current symptoms of hoarseness or 
problems with voice — similar to the definition by 
Roy et al.1 Allergy symptoms were defined as run-
ny nose, postnasal drip, sneezing, itchy nose and/or 
throat, itchy and/or watery eyes, and nasal conges-
tion. Globus sensation was defined as a feeling of ex-
cessive throat mucus or a lump in the throat. Gastro-



 Turley et al, Role of Rhinitis in Laryngitis 153

esophageal reflux was defined as heartburn (burning 
feeling from the stomach or lower chest that rises 
toward the neck) and/or regurgitation (food or acidic 
liquid taste in the throat). 

The participants also used the following validat-
ed tools to further evaluate symptom severity: Voice-
Related Quality of Life survey (VRQOL), mini-Rhi-
noconjunctivitis Quality of Life Questionnaire (mini-
RQLQ), and Reflux Symptom Index (RSI).21-23 The 
VRQOL was selected for its psychometric proper-
ties and its short length in comparison to other vali-
dated voice-specific outcome measures.24 The stan-
dard RQLQ and mini-RQLQ were previously found 
to be the most psychometrically sound instruments 
to assess rhinitis and rhinosinusitis; the “mini” ver-
sion was chosen because it is shorter than, yet per-
forms similarly to, the standard version.25 The RSI 
was chosen as a validated measure of LPR symptoms 
(with a score of more than 13 indicating LPR).21 
Lower VRQOL scores indicate worse voice function, 
whereas higher mini-RQLQ and RSI scores indicate 
worse rhinitis-related QOL and LPR symptoms. The 
AR and NAR patients and controls were given these 
three questionnaires at their initial visit, before any 
changes to their medical regimens or initiation of al-
lergen immunotherapy. 

The sample size was based on a separate study 
designed to examine the response of voice-specif-
ic QOL to allergen immunotherapy among AR pa-
tients with dysphonia. Briefly, during validation of 
the VRQOL, a pretreatment-to-posttreatment differ-
ence of 10.4 (standard deviation, 20.6) occurred in 
patients who felt their voice did not improve.22 As-
suming that 10.4 (standard deviation, 20.6) is the 
minimal difference that would be clinically mean-
ingful to detect, the paired t-test sample size calcu-
lation with an alpha of 0.05 and power of 0.9 is 43. 
Assuming a 39% prevalence of dysphonia among 
patients with AR, at least 110 patients were need-
ed to identify 43 AR patients with dysphonia.9 A 
20% attrition rate was assumed, resulting in a tar-
get of 138 AR patients. A concurrent, consecutive 
sample of NAR patients were recruited during the 
same time frame of AR patient recruitment. On the 
basis of a 35% prevalence of allergy symptoms, 155 
patients from an orthopedic clinic were screened in 
an attempt to identify 100 patients without rhinitis 
symptoms without overburdening the clinic.26 

The data were analyzed with SigmaStat 2.03 
(SPSS Inc, Chicago, Illinois). Analysis between 
categorical variables was performed with χ2 tech-
niques, and for analysis between categorical and 
continuous variables, t-tests and analysis of vari-
ance techniques were used. Correlations were per-

formed by use of the Spearman correlation. Multi-
ple logistic regression was performed between the 
main outcome variable, dysphonia prevalence, and 
the presence of rhinitis while controlling for a prio-
ri–determined potential confounders (asthma, GER, 
age, smoking status, gender, inhaled steroid use, 
decongestant use, and antihistamine use). Because 
the analysis of secondary laryngeal symptoms was 
considered exploratory, we did not control for other 
potential variables, but did a Bonferroni correction. 
Because there were 5 variables of interest, statistical 
significance was defined as 0.05/5 = 0.01 for analy-
sis of secondary laryngeal symptoms. 

RESULTS 

The subjects who completed the study consisted 
of 134 AR patients, 54 NAR patients, and 62 con-
trols. Female subjects constituted 74% of the NAR 
group, 69.4% of the AR group, and 37.1% of the 
control group (p ≤ 0.001, χ2). The AR patients were 
younger than the NAR and control patients (mean, 
36.7 years versus 46.6 years and 50.6 years, respec-
tively; p < 0.001, analysis of variance; p < 0.05 for 
AR group versus NAR group and AR group versus 
control group, Bonferroni correction). 

Both AR and NAR patients had an increased prev-
alence of dysphonia compared to controls (32.8% 
and 26.9%, respectively, versus 8.1%; p = 0.001, 
χ2). No differences in dysphonia prevalence were 
seen between the AR and NAR patients (p = 0.5, χ2). 
The AR and NAR patients had lower VRQOL scores 
than did the controls. The median and interquartile 
ranges were 97.5 (85 to 100) for NAR patients, 97.5 
(90 to 100) for AR patients, and 100 (97.5 to 100) for 
controls (p = 0.005, analysis of variance on ranks). 
A pairwise multiple comparison procedure (Dunn’s 
method) showed a statistically significant difference 
only between AR patients and controls (p < 0.05). 

Potential confounders that could influence the 
prevalence of dysphonia were examined. The aver-
age age of those who reported dysphonia was essen-
tially the same as that of those who did not (mean 
age, 40.7 versus 42.5 years; p = 0.4, t-test). Other 
potentially confounding factors were analyzed (Ta-
ble 1). Notably, patients with asthma were more 
likely to have dysphonia. 

Because the dysphonia prevalences were similar 
between AR and NAR patients, they were grouped 
together as a rhinitis variable for multiple logistic 
regression. Controlling for confounding variables, 
patients with either AR or NAR had higher odds of 
dysphonia (odds ratio, 4.22; 95% confidence inter-
val, 1.03 to 17.32). Patients with asthma also had 



significantly higher odds of dysphonia (odds ratio, 
2.65; 95% confidence interval, 1.14 to 6.16). How-
ever, none of the other factors had statistically sig-
nificant increased odds of dysphonia (Table 2). 

Symptom severity was evaluated by analyzing for 
correlation between QOL measures. Patients with 
worse mini-RQLQ scores had lower VRQOL scores 
(Spearman correlation, –0.47; p < 0.001). 

The frequency of secondary laryngeal symptoms 
in each rhinitis group was examined (Table 3). We 
found that although cough was not more preva-
lent in the AR and NAR groups than in the control 
group, postnasal drip, globus sensation, sore throat, 

and throat clearing were more prevalent in the AR 
and NAR groups (Table 3). 

Finally, we evaluated symptom correlation be-
tween LPR (defined as an RSI score of more than 
13) and rhinitis; 40.7% of NAR patients, 44.0% of 
AR patients, and 12.9% of controls had LPR accord-
ing to their RSI score (p ≤ 0.001). Also, patients with 
higher mini-RQLQ scores had higher RSI scores 
(Spearman correlation, 0.6; p < 0.001). 

DISCUSSION 

The concept of the unified airway was initially 
presented as a model for explaining the epidemio-
logical and pathophysiologic links between sinona-
sal and pulmonary inflammatory processes, specifi-
cally AR and asthma.4 The role of the larynx within 
this model is now being explored, and there is grow-
ing evidence that allergy may contribute to dyspho-
nia via a variety of pathways that were proposed in 
recent reviews.5,6 However, there is still a paucity of 
data, and the few studies that have been published 
had mixed results. We therefore sought to further in-
vestigate the role of rhinitis in dysphonia through 
a cross-sectional symptom-based study of patients 
with AR, NAR, and no rhinitis while controlling for 
confounding variables. 

Patients with rhinitis (AR or NAR) had a high-
er prevalence of dysphonia than did controls. This 
is consistent with the findings of previous studies 
that showed that singers with voice problems were 
more likely to have AR and that patients with AR 
who needed allergen immunotherapy were more 
likely to have dysphonia.8,9 However, not all pri-
or studies have accounted for potential confound-
ers associated with dysphonia. Jackson-Menaldi et 
al16 used spirometry to screen for lower airway dis-
ease, but did not fully address how asthma or asthma 
treatment affected associations between allergy and 
dysphonia. We therefore controlled for a priori–de-
fined confounders. Although statistically significant-
ly high er odds of dysphonia likely exist in patients 
with rhinitis, the lower end of the 95% confidence 
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TABLE 1. INDIVIDUAL ASSOCIATION OF POTENTIAL 
CONFOUNDERS AND DYSPHONIA

Confounding Factors % With Dysphonia p (χ2) 

Gender  0.4
 Male 18.3
 Female 29.7
Asthma  0.002
 Yes 40.7
 No 19.9
Inhaled steroids  0.055
 Used 34.8
 Not used 21.8
Smoking  0.132
 Never 21.6
 Formerly 34.4
 Currently 28.6
Gastroesophageal reflux  0.24
 Yes 29.8
 No 22.4
Antihistamines  0.081
 Used 30.0
 Not used 19.4
Decongestants  0.07
 Used 32.9
 Not used 21.5

TABLE 2. MULTIPLE LOGISTIC REGRESSION OF
DYSPHONIA IN PATIENTS WITH RHINITIS,

CONTROLLING FOR CONFOUNDERS THAT MAY
BE ASSOCIATED WITH DYSPHONIA

 Odds Lower Upper
 Ratio 5% 95%
Allergic or nonallergic rhinitis  4.22 1.03 17.32
Age 1.01 0.99 1.04
Female gender 1.21 0.60 2.46
Asthma 2.65 1.14 6.16
Inhaled steroid use 0.70 0.30 1.61
Smoking at any time 1.09 0.56 2.12
Gastroesophageal reflux 1.44 0.76 2.73
Antihistamine use 0.56 0.25 1.26
Decongestant use 1.70 0.83 3.49

TABLE 3. PERCENTAGE OF SECONDARY
LARYNGEAL SYMPTOMS BY GROUP

Secondary Nonallergic Allergic
 Symptom Rhinitis Rhinitis Control p*

Cough 24.1 23.1 11.5 0.13
Postnasal drip 74.1 73.8  4.8 ≤0.001
Globus sensation 63.0 63.4 14.5 ≤0.001
Sore throat 42.6 60.4 21.0 ≤0.001
Throat clearing 51.9 66.4 21.0 ≤0.001

*Bonferroni correction was made; p = 0.05/5 = 0.01 is level for sta-
 tistical significance. 



interval for the odds ratio for rhinitis was 1.03, pos-
sibly indicating no actual difference (Table 2). The 
presence of asthma also resulted in higher odds of 
dysphonia, but none of the other confounding fac-
tors (female gender, inhaled steroid use, smoking 
status, GER symptoms, antihistamine use, and de-
congestant use) had a statistically significant asso-
ciation with dysphonia. Similarly, Simberg et al9 
controlled for asthma and found that patients with 
AR had more voice complaints regardless of wheth-
er they had concomitant asthma. Thus, the increased 
odds of dysphonia with asthma and with AR or NAR 
further support the concept of the unified airway. 

Associations between the severity of rhinitis and 
dysphonia were also identified. Patients with worse 
rhinitis-related QOL according to the mini-RQLQ 
had worse voice-related QOL and more severe 
chronic laryngeal symptoms according to the RSI. 
The fact that both the mini-RQLQ and the VRQOL 
are assessing aspects of QOL (from rhinitis and vo-
cal standpoints, respectively) could have influenced 
the correlation between them. Nonetheless, more se-
vere allergy may be linked to worse voice dysfunc-
tion. Randhawa et al20 found that among 70 patients 
in a rhinology clinic, patients with a greater number 
of allergies on testing had higher scores on the Voice 
Handicap Index (worse voice handicap). They noted 
that the degree of allergen load correlated with the 
severity of vocal symptoms. Although Randhawa et 
al20 did not examine NAR patients, our study also 
found increased rates of dysphonia among NAR pa-
tients compared to nonrhinitis controls. Hence, other 
rhinitis-causing mechanisms besides allergy alone 
may lead to dysphonia. Future studies are needed 
to explore the mechanisms linking AR, NAR, and 
voice problems. 

Our evaluation of secondary laryngeal symptoms 
found that patients with rhinitis reported more post-
nasal drip, globus sensation, sore throat, and throat 
clearing than did controls. Interestingly, cough was 
not statistically more frequent in the rhinitis group. 
Although we did not control for other confounders 
in this secondary analysis, we did use a Bonferroni 
correction to decrease the chance of making a type 
I error. In their recent review, Krouse and Altman5 
noted that the often co-seasonal increase of dyspho-
nia, throat clearing, globus sensation, and cough in 
AR patients supports a sinonasal or allergic cause of 
their dysphonia, and our results add to their obser-
vations. 

The associations between rhinitis and dysphonia 
have important treatment implications. Symptom 
overlap exists between allergy and LPR.6 When pa-
tients were asked directly about the GER symptoms 

of heartburn and/or regurgitation, a statistically sig-
nificant association was not seen between dysphonia 
and self-reported GER or between rhinitis and self-
reported GER. However, our study did not use ob-
jective testing, such as impedance or pH probe stud-
ies, to confirm LPR. In this study, rhinitis patients 
were more likely to have LPR according to symp-
toms (as defined by an RSI score of more than 13), 
and patients with more severe mini-RQLQ scores 
had more severe RSI scores. On the basis of symp-
toms alone, cases may be misdiagnosed as LPR in-
stead of AR or NAR. Randhawa et al19 evaluated 
15 dysphonic patients and found that three times as 
many patients had allergy as had LPR according to 
symptoms and laryngeal examination, suggesting 
that LPR may be overdiagnosed in the allergic pa-
tient with dysphonia and that voice symptoms could 
be due to allergies instead of reflux. Additional-
ly, prior survey studies have found that symptoms 
may dictate the management of dysphonic patients, 
with otolaryngologists considering globus sensa-
tion, throat clearing, cough, and dysphonia to indi-
cate LPR, and three quarters of primary care physi-
cians prescribing antireflux and allergy medication 
for dysphonic patients before specialty referral.27,28 
From a patient care perspective, management deci-
sions should not be based on symptoms alone, but 
should be corroborated with the physical examina-
tion and appropriate objective testing. Further inves-
tigation with quantitative LPR testing is necessary 
to elucidate a more detailed analysis of the interac-
tions between LPR, dysphonia, allergy, and rhinitis. 

Our study has several limitations that should be 
acknowledged. First, we only analyzed self-report-
ed dysphonia, and the participants did not undergo 
laryngeal evaluation to correlate with laryngeal dis-
ease. Also, we did not include objective evaluations 
of LPR such as impedance or pH probe testing. Ad-
dition of a laryngeal evaluation and pH probe test-
ing would have increased both the cost of this initial 
symptom-based study and the patient burden. How-
ever, such evaluations would certainly be helpful in 
further studies examining the relationship between 
rhinitis and dysphonia. Our control group was more 
predominantly male and was older than the rhini-
tis groups, but we controlled for gender and age in 
our analysis and did not find any statistically signifi-
cant correlations between dysphonia and these vari-
ables among our study groups. Attempts to stratify 
AR patients according to allergy severity or timing 
of allergy (seasonal versus perennial) were not per-
formed, but these would be important factors to con-
sider in subsequent studies. How allergen immuno-
therapy affects dysphonia and secondary laryngeal 
symptoms is also important and is currently under 

 Turley et al, Role of Rhinitis in Laryngitis 155



investigation. 

CONCLUSIONS 

Patients with AR or NAR had a higher preva-
lence of dysphonia than did nonrhinitis controls. Ad-
ditionally, patients with worse mini-RQLQ scores 
had poorer voice-related QOL. Secondary laryn-
geal symptoms were more common among AR and 
NAR patients than among nonrhinitis controls. Our 
findings add to the growing body of literature that 

supports allergy as a cause of dysphonia and in - 
cludes the larynx as an important part of the unified 
airway. Early allergy evaluation in the dysphonic pa-
tient may lead to more effective and complete treat-
ment of the underlying causes of the dysphonia. Fur-
ther studies are needed to investigate the mechanisms 
of dysphonia in AR compared to NAR, the laryngeal 
findings associated with allergen exposure, and the 
interactions among reflux, rhinitis (both allergic and 
nonallergic), and laryngeal symptoms. 
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Subepithelial Vocal Fold Infusion:
A Useful Diagnostic and Therapeutic Technique

James A. Burns, MD; Aaron D. Friedman, MD; Matthew J. Lutch, MD;
Steven M. Zeitels, MD

Objectives: Preservation of the maximum amount of subepithelial superficial lamina propria (SLP) remains an important 
goal during microlaryngoscopic surgery of phonatory mucosa. Volume expansion of the SLP (Reinke’s space) with sub-
epithelial infusion of saline solution has been widely adopted since its introduction in 1991. This technique has evolved 
so that it is currently used to assist with determining the depth of vocal fold disease, defining residual pliable SLP, en-
hancing microsurgical precision, and identifying unrecognized disease. The purpose of this investigation was to examine 
the indications, methods, and benefits of subepithelial infusion of saline solution as an adjunct technique during phono-
microsurgery.

Methods: In a prospective case series, we collected data on 280 consecutive microlaryngoscopy procedures performed 
over a 12-month period. Subepithelial infusion of saline solution was included in 178 procedures.

Results: New disease was identified in 20 of the 178 patients (scar in 15, sulcus in 4, and a mucosal bridge in 1). The 
depth of needle placement varied depending on the specific disease: 118 of the 178 infusions were done just below the 
epithelial basement membrane, and 60 infusions were performed deeper within the SLP, just superficial to the vocal liga-
ment. The infusion technique provided surgical assistance in multiple ways, including identifying residual SLP (130 pa-
tients), defining the SLP-lesion interface (65 patients), lifting scar (60 patients), providing tension for cordotomy (47 pa-
tients), expanding the SLP volume to protect against laser damage (45 patients), and providing hydrostatic compression 
of vascular ectasias or varices for photoangiolysis (7 patients). The microlaryngoscopy procedures during which infusion 
was not performed (102 of 280 procedures) were primarily for nonglottic cancer (46 patients), stenosis (30 patients), or 
arytenoid granuloma (13 patients).

Conclusions: Subepithelial infusion of the SLP with saline solution is a useful microsurgical adjunct during diagnosis 
and treatment of phonatory mucosal lesions.

Key Words: microlaryngoscopy, subepithelial infusion, vocal fold.
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INTRODUCTION

Contemporary endoscopic surgical management 
for patients with dysphonia due to an array of la-
ryngeal surface disorders incorporates precision to 
maximally preserve the vocal fold’s layered micro-
structure. Voice preservation and/or restoration in 
these patients relies on a thorough understanding of 
mucosal wave theories of phonation1-4 and strate-
gies to define the interface between the lesion and 
its surrounding normal tissue: the superficial lami-
na propria (SLP) and epithelium. Volume expansion 
of the SLP (Reinke’s space) with subepithelial infu-
sion of saline solution has emerged as an effective 
strategy for this purpose during phonomicrosurgery. 
Since its introduction in 1991,5 subepithelial vocal 

fold infusion as an adjunct to phonomicrosurgical 
management of vocal fold lesions has been further 
refined to take its place in the management of be-
nign and malignant lesions.6-9

The indications for subepithelial saline solution 
infusion continue to expand, especially with the in-
troduction of new technologies such as photoangi-
olytic lasers.10-14 This technique has evolved so that 
it is currently used to assist in determining the depth 
of vocal fold disease, defining residual pliable SLP, 
enhancing microsurgical precision, creating a heat 
sink during laser procedures, and identifying unrec-
ognized disease. The purpose of this investigation 
was to examine the indications, methods, and ben-
efits of subepithelial infusion of saline solution as an 
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Fig 1. Specialized vocal fold subepithelial infusion nee-
dle. Needle has short-beveled 25-gauge tip that is angled 
150° from shaft to facilitate injection.

TABLE 1. LESIONS FOR WHICH INFUSION WAS
DONE DURING MICROLARYNGOSCOPY

Lesion  Cases (N = 196)

Carcinoma 39
Papilloma 36
Scar or web 32
Nodule 24
Dysplasia 23
Polyp 17
Vascular lesion 9
Intracordal cyst 5
Sulcus or mucosal bridge 5
Carcinoma in situ 2
Granular cell tumor 2
Amyloid 2

TABLE 2. LESIONS FOR WHICH NO INFUSION WAS 
DONE DURING MICROLARYNGOSCOPY 

Lesion Cases (N = 102)

Nonglottic cancer 46
Stenosis 30
Arytenoid granuloma 13
Papilloma 7
Polypoid corditis 3
Laryngocele 2
Polyp 1

adjunct technique during phonomicrosurgery.

MATERIALS AND METHODS

The data were collected prospectively between 
July 1, 2007, and June 30, 2008. In order to specifi-
cally record information pertaining to the use of sub-
epithelial infusion of saline solution for each proce-
dure performed by the two senior authors (J.A.B., 
S.M.Z.), a database was developed that was filled 
out by the operating surgeon at the time of surgery. 
The overall technique did not vary between surgeons 
during the course of the study, although a mixture of 
saline solution with 1/10,000 epinephrine was used 
without strict criteria at the primary surgeon’s dis-
cretion when vasoconstriction of the SLP microvas-
culature was needed for improved visualization dur-
ing dissection within the SLP.

Infusion with saline solution was done with a spe-
cialized 25-gauge needle5 (Endocraft LLC, Boston, 
Massachusetts; Fig 1). Because the purpose of the 
infusion was temporary volume expansion and/or 
hydrodissection and the saline solution was expect-
ed to immediately extrude through the needle hole, 
the exact volume of the infusion was not recorded. 
A 3-mL syringe was attached to the needle, and vol-
umes in the range of 1 to 2 mL were typically de-
livered. The depth of injection varied according to 
the desired effect, and the needle was placed either 
in the immediate subepithelial plane (with the bevel 
visible through the transparent epithelium) or in a 
deeper plane within the SLP that was superficial to 
the vocal ligament.

Data were recorded from 280 consecutive mi-
crolaryngoscopy procedures performed during the 
study period, and subepithelial infusion of saline 
solution was included in 178 of these cases. For 
the 102 procedures that did not involve subepithe-

lial infusion, only the type of lesion was recorded. 
The depth of needle placement was recorded at the 
time of each infusion. In order to assess the infusion 
technique during surgical decision-making, notation 
was made about defining the extent of existing le-
sions, discovery of new lesions, and the reasons for 
selecting unilateral versus bilateral infusion. In or-
der to assess the infusion technique for providing 
direct surgical assistance, data were recorded on its 
ability to define the SLP interface, compress vessels 
for coagulation, provide a heat sink, lift scar, place 
epithelium under tension for microflap creation, and 
confirm the presence of SLP after treatment. The 
study protocol for patients undergoing microlaryn-
goscopy for benign and malignant disorders was ap-
proved by the human studies Institutional Review 
Board of Massachusetts General Hospital.

RESULTS

Subepithelial infusion of saline solution was uti-
lized in 178 of 280 consecutive patients who under-
went microlaryngoscopy (64%), and the lesions for 
which infusion was done during surgery are listed 
in Table 1. The total number of lesions in the infu-
sion cases was 196; some patients had multiple dis-
orders (eg, a nodule and a vascular lesion). The le-
sions for which infusion was not performed as part 
of surgical management are listed in Table 2, and 
primarily consisted of those that did not affect the 
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Fig 2. Infusion technique. A) Super-
ficial placement of needle for infusion 
during removal of left vocal fold nod-
ule. B) Superficial needle placement is 
schematically depicted with needle bev-
el just below basement membrane of 
epithelium. C) Needle placement deep-
er within superficial lamina propria el-
evates dysplastic lesion during infusion 
of saline solution into right vocal fold. 
D) Deeper needle placement is schemat-
ically depicted with needle bevel below 
lesion but deeper within superficial lam-
ina propria.

vocal fold’s layered microstructure, such as non-
glottic cancer (46 patients), stenosis (30 patients), 
and arytenoid granuloma (13 patients). No harmful 
permanent structural sequelae occurred during infu-
sion, and needle placement did not create bleeding 
that affected the surgical procedure.

Depth of Needle Placement. The depth of needle 
placement varied depending on the specific disor-
der: 118 of the 178 infusions were done just below 
the epithelial basement membrane, and 60 infusions 
were performed deeper within the SLP, just superfi-
cial to the vocal ligament. In general, more-super-
ficial injections were done for benign proliferative 
epi thelial disorders such as papilloma and dysplasia, 
as well as most cases involving phonotraumatic epi-
thelial lesions such as polyps and nodules. Figure 2A 
shows superficial placement of the needle for infu-
sion during removal of a left vocal fold nodule, sche-
matically depicted with the needle bevel just below 
the basement membrane of the epithelium (Fig 2B). 
Deeper infusions were generally done when place-
ment of the needle bevel in the immediate subepi-
thelial plane was not feasible (such as with sulcus 
and some forms of scar) or when a lesion did not ele-
vate with superficial needle placement (such as with 
some cases of dysplasia or papilloma that had been 
previously treated, and cases of microinvasive carci-

noma). Figure 2C shows ele vation of dysplasia and 
epithelial thickening during infusion of saline solu-
tion with the needle placed deeper within the SLP of 
a right vocal fold, schematically depicted with the 
needle bevel below the lesion but deeper within the 
SLP (Fig 2D). Five cases of intracordal cyst received 
a deeper infusion to help hydrodissect the cyst cap-
sule from surrounding normal SLP. Deeper infusions 
were also done when volume expansion was neces-
sary to create a heat sink during some laser proce-
dures for epithelial proliferative disorders (such as 
papilloma and dysplasia). Ultimately, the depth of 
infusion was determined by the surgeon in a case-
specific manner, with the result that the depth was 
chosen specifically, rather than by random place-
ment of the needle into the vocal fold.

The infusion technique was deemed a useful ad-
junct to surgical management in a variety of ways. 
Descriptive results for the infusion’s benefit dur-
ing clinical decision-making are reported separately 
from the benefit that was achieved through direct 
surgical assistance.

Clinical Decision-Making. The subepithelial in-
fusion technique aided in clinical decision-making 
by delineating the extent of a particular lesion’s 
depth and epithelial extension, identifying previ-
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ously unrecognized disease, and assessing the “sid-
edness” of the disease. With this real-time informa-
tion, the surgeon could plan an appropriate proce-
dure, and the infusion was felt to be uniformly help-
ful in each case in which preservation of the layered 
microstructure was important. Care should be taken 
to avoid overexpansion during treatment of lesions 
near the anterior commissure or smaller surface le-
sions, which can become obscured by the infusion. 
This occurrence is self-correcting, as the saline solu-
tion extrudes through the needle puncture site.

Expansion of the epithelial surface helped to 
identify the borders between normal and diseased 
epithelium and to determine the depth of carcinoma 
invasion or areas in which there was loss of the pli-
able SLP layer. For example, similar-appearing ear-
ly-stage carcinomas can be microinvasive, with SLP 
that remains deep to the lesion and allows elevation 
with infusion (Fig 3A,B), or more deeply invasive 
and thus unable to elevate with infusion (Fig 3C,D). 
Precisely defining each lesion in this way allowed 
for more precise surgery, minimizing damage to ad-
jacent normal tissue.

New disease that had not been recognized before 

microlaryngoscopy was identified in 20 of the 178 
patients (11%; scar in 15, sulcus in 4, and a mucosal 
bridge in 1). These lesions, which were often asso-
ciated with other lesions such as polyps or nodules, 
were not seen on preoperative stroboscopy and were 
not readily apparent during inspection under high-
powered magnification. Upon expansion of the sub-
epithelial space, these lesions became apparent and 
were able to be fully characterized. Based on this 
new information, appropriate therapy and/or coun-
seling could be given to the patient. Figure 4 depicts 
the discovery of a mucosal bridge after subepithelial 
infusion of saline solution into the right vocal fold 
of a patient in whom this lesion was not previously 
seen.

Bilateral infusions were performed if both vocal 
folds had disease, but the contralateral and normal-
appearing vocal fold was often infused for the pur-
pose of establishing the baseline symmetry between 
vocal folds or in an attempt to discover unrecognized 
lesions. As a result, 154 of the 178 microlaryngos-
copy procedures (87%) involved bilateral infusion. 
Thirty-two patients had normal expansion of the 
contralateral epithelial surface with no identifiable 
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Fig 3. Intraoperative images during microlaryngoscopy for two different early-stage carcinomas of left vocal fold. 
A,B) Minimally invasive carcinoma A) before infusion and B) during infusion in which elevation of lesion indicates 
no fixation to vocal ligament. C,D) More deeply invasive carcinoma C) before infusion and D) during infusion, in 
which lesion’s failure to elevate indicates fixation to deeper structures and implies invasion into vocal ligament.
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disease. This information was useful in determining 
that disease in these patients was, in fact, unilateral, 
with no need to treat the contralateral side, and gave 
a reference point for the expected normal volume of 
SLP in the contralateral fold.

Surgical Assistance. The subepithelial infusion 
technique provided direct surgical assistance in a 
variety of ways. The most commonly reported rea-
son for using infusion was to confirm the presence 
of SLP after treatment (130 patients). Volume ex-
pansion of the subepithelial space was deemed use-
ful for visualizing the desired effect of SLP pres-
ervation, especially when comparison was made to 
pretreatment infusion.

Surgical assistance was also provided by defin-
ing the interface between the lesion and the normal 
SLP (65 patients), lifting scar (60 patients), placing 
epithelium under tension for microflap creation (47 
patients), expanding the SLP volume as a heat sink 
to protect against laser thermal effects (45 patients), 
and compressing vascular ectasias or varices for pho-
toangiolysis (7 patients). Figure 5 depicts a series of 
steps during routine microlaryngoscopy for a vocal 
fold polyp that highlight the ways in which infusion 
of saline solution assisted in surgery. After infusion, 
the epithelium was placed under tension, revealing 
the extent of epithelial involvement (Fig 5B) and al-
lowing for precise placement of a cordotomy inci-
sion (Fig 5C) and creation of a microflap (Fig 5D). 
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Fig 5. Microlaryngoscopic treatment of right vocal fold polyp. A) Image before infusion. Note that epithelium is under no ten-
sion and that polyp’s attachment to epithelium superiorly is not clearly defined. B) After infusion, epithelium is under tension, 
helping to clearly define geographic distribution of lesion. C) Cordotomy incision. D) Thin microflap is created with good de-
lineation of interface between lesion and underlying superficial lamina propria. E) After excision of polyp. F) Subepithelial in-
fusion of saline solution after excision shows good volume expansion of subepithelial space, indicating presence of superficial 
lamina propria.

Fig 4. Intraoperative images made during microlaryngoscopy with new finding of right vocal fold mucosal bridge. A) Before 
infusion. B) During infusion, mucosal bridge is identified as vertically oriented band to left of infusion needle shaft, containing 
prominent blood vessel running parallel to vocal fold. Normal volume expansion occurs beneath mucosal bridge, accounting for 
surrounding pale coloration and lack of vessels. C) Mucosal bridge is confirmed with right-angle probe.



The infusion effectively separated the superficial le-
sion from the underlying SLP, thereby defining this 
critical interface and allowing maximum preserva-
tion of SLP during excision (Fig 5E). Postexcision 
infusion (Fig 5F) confirmed the presence of ample 
SLP with expansion of the subepithelial space.

DISCUSSION

Vocal fold infusion techniques were first reported 
in the 1890s as a means of understanding aerodi-
gestive tract infectious disease and defining connec-
tive tissue compartments of the larynx.15,16 Simi-
lar infusion studies were repeated to better under-
stand patterns of glottic lymphatic spread17-19 and 
to determine the effect of hydrodissection in facil-
itating preservation of SLP and epithelium during 
phonomicrosurgery for malignant7 and benign9 le-
sions. Broader applications of this technique have 
emerged to assist during microlaryngoscopy so that 
infusion of saline solution can provide real-time in-
formation to the surgeon about vocal fold lesions. 
This study presents the indications, methods, and 
benefits of subepithelial infusion of saline solution 
as an adjunct technique from a case series with pro-
spectively collected data.

Infusion of saline solution was particularly use-
ful during surgical decision-making for lesions con-
fined to the epithelium, in which preservation of 
the underlying layered microstructure was impor-
tant. On the other hand, infusion was not done when 
there was no need to preserve SLP (nonglottic car-
cinomas, granulomas) or when there was already an 
overabundance of SLP (polypoid corditis). Thus, 
epithelial proliferative disorders such as carcinoma, 
papilloma, and dysplasia account for the majority 
of diagnoses in this series for which infusion was 
done. Infusion of saline solution was also utilized 
frequently in identifying zones with loss of pliabil-
ity due to scar or sulcus by demonstrating that they 
did not elevate uniformly with adjacent areas of nor-
mal pliability. This finding was consistent with pri-
or experience.20 In some cases, persistent pressure 
from the force of infusion can elevate areas of loose-
ly adherent scar in a therapeutic fashion, albeit tem-
porarily. Differentiating these areas from a sulcus in 
which epithelium is densely adherent to the vocal 
ligament and no elevation occurs has important im-
plications for possible future injection of a biomate-
rial to restore the appropriate rheological properties 
in a more permanent fashion.

The five surgeries involving intracordal cysts are 
interesting, because infusion was purposefully di-
rected in a deeper plane within the SLP to facilitate 
separation of the cyst capsule from the surround-
ing SLP. These lesions are unique in that there is 

a layer of SLP between the lesion and the epithe-
lium that should ideally be preserved to reduce the 
risk of excavating the vocal fold.21 Volume expan-
sion diminishes the amount of dissection necessary 
within the SLP, thereby facilitating its preservation. 
Even though most of the saline solution leaks out of 
the cordotomy incision in these cases, postexcision 
infusion can confirm the presence of SLP to docu-
ment surgical results and correlate with postopera-
tive voice outcomes.

Although the subepithelial infusion technique pro-
vided direct surgical assistance in a variety of ways, 
perhaps the most helpful was in defining the inter-
face between lesions and normal SLP. Using volume 
expansion to separate superficial epithelial lesions 
from the underlying SLP facilitates microflap cre-
ation and encourages superficial dissection during 
removal of these lesions that typically have their epi-
center at the basement membrane of the epithelium. 
Adhering to these basic principles during microlar-
yngoscopy is consistent with the immunocytochemi-
cal findings of Gray et al,22,23 who eloquently char-
acterized the fibrovascular basement membrane zone 
changes seen in many benign and phonotraumatic le-
sions. In this way, the infusion directly protects the 
SLP by reducing the risk of unnecessary dissection 
and inadvertent removal. Because the saline solution 
immediately extrudes through the cordotomy inci-
sion or the needle hole, infusion can be repeated dur-
ing each case to ensure that the boundary between 
the lesion and the SLP is maintained.

As endoscopic angiolytic laryngeal laser surgery 
continues to gain broad acceptance for the treatment 
of various benign and malignant disorders,10,12,14 
more patients are subjected to the potential risk of 
thermal damage to the SLP.24 The subepithelial in-
fusion technique was used as a heat sink to dissi-
pate thermal damage during ablative cases of epithe-
lial disease, such as minimally invasive carcinoma, 
dysplasia, and papilloma. In theory, infusion of sa-
line solution would be most effective during cases 
in which a carbon dioxide laser is used, because its 
chromophore is water. Photoangiolytic lasers (with 
hemoglobin for their chromophore) were used ex-
clusively in this series, and infusion of saline solu-
tion within the SLP provided an effective barrier to 
thermal damage. Infusion also enhanced precision 
during lasering by placing the epithelium under ten-
sion to increase the exposed area of disease.

Although many of the cases presented in this se-
ries might have been managed equally well with-
out infusion, this technique provided valuable infor-
mation in clinical decision-making and in surgical 
assistance. Because there are no significant added 
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risks to the patient and no harmful permanent struc-
tural sequelae from infusing saline solution super-
ficially into vocal folds, we routinely use this tech-
nique as a standard step during most microlaryngos-
copy procedures. In the technique described herein, 
the purpose of infusion was temporary volume ex-
pansion and/or hydrodissection with the expectation 
that the fluid would immediately extrude through 
the needle hole, but future studies might make use 
of similar infusion techniques to deliver more-per-
manent biomaterials. Becoming adept at the subepi-
thelial infusion technique through its many nuances 
and applications for a variety of clinical scenarios 
provides the laryngeal surgeon with options in con-
sidering future injections of biomaterials to replace 
the SLP in cases in which this layer is missing (eg, 
cancer defects following cordectomy or partial lar-
yngectomy).

CONCLUSIONS

1. Subepithelial infusion of the saline solution 
into the SLP is a useful microsurgical adjunct dur-
ing diagnosis and treatment of phonatory mucosal 
lesions.

2. Subepithelial infusion of saline solution as-
sists with clinical decision-making during microlar-
yngoscopy by delineating the extent of a particular 
lesion’s depth and epithelial extension, and by help-
ing to identify previously unrecognized disease. 

3. The infusion technique provides surgical as-
sistance in multiple ways, including identifying re-
sidual SLP, defining the SLP-lesion interface, lifting 
scar, providing tension for cordotomy, expanding 
the SLP volume to protect against laser damage, and 
providing hydrostatic compression of vascular ecta-
sias or varices for photoangiolysis.
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 Voice Outcomes Following the Gray Minithyrotomy 

 Pavan S. Mallur, MD; Jacqueline Gartner-Schmidt, PhD; Clark A. Rosen, MD 

Objectives: Most practitioners have limited treatment options for vocal fold scar and sulcus vocalis. The Gray minithyro-
tomy (GMT) is a surgical procedure for the treatment of these conditions, although limited objective data exist regarding 
voice outcomes. This study compares the quantified subjective and visual perceptual outcomes following GMT for the 
treatment of vocal fold scar and sulcus vocalis. 

Methods: We performed a retrospective review of patients who underwent GMT in a single institution. Patient-reported 
satisfaction, Voice Handicap Index–10 scores, results of video perceptual analysis, and complications were recorded. 

Results: Sixteen patients underwent GMT for phonotraumatic or postoperative scar (11), radiation-induced scar (3), or 
sulcus vocalis (2). Seven underwent bilateral operations. Follow-up data were available for 12 patients. Eight patients 
had 2 or more failed surgical interventions before GMT. Seven of the 13 procedures resulted in a self-reported improve-
ment. Although the mean preoperative Voice Handicap Index–10 score (30.6) across all patients did not decrease after the 
operation, 6 of the 13 GMT procedures resulted in improvement (mean decrease, 7.5). Complications, encountered in 5 
patients, included ecchymosis, neck abscess, tongue numbness, wound dehiscence, and aspiration pneumonia. 

Conclusions: The GMT is a viable treatment for severe vocal fold scar and sulcus vocalis. Our results show improve-
ment in half of a cohort that was marked by previous failures at improving voice. These results point to the recalcitrant 
nature of voice difficulties in treating vocal fold scar and sulcus, and may properly guide clinicians and patients in their 
expectations following this infrequently used technique. 

Key Words: Gray minithyrotomy, sulcus vocalis, vocal fold scar. 
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Vocal fold scar and sulcus vocalis (SV) are two 
pathologic entities of the lamina propria that lead to 
the loss of normal vibratory characteristics and may 
result in significant dysphonia. Although somewhat 
divergent, the histopathologic processes of scar and 
SV can both be characterized by aberrations in lam-
ina propria wound healing; scar is often character-
ized by excess deposition of fibrous tissue with re-
sulting deficiency of normal extracellular matrix, 
whereas SV is characterized by a loss of lamina pro-
pria and extracellular matrix leading to epithelial in-
vagination and tethering.1 Clinically, both entities 
are thought to result most commonly from repeated 
phonotrauma, although vocal fold hemorrhage, vo-
cal fold surgery, and intubation-related injury have 
all been implicated. A harsh or breathy vocal quality, 
increased pitch, decreased volume, and diplophonia 
often correspond to the findings of a focally or glob-
ally diminished mucosal wave, asymmetries in the 
mucosal wave, and, often, associated glottic insuf-
ficiency.2,3 

Numerous surgical techniques have been devel-
oped for the anatomic abnormalities caused by scar 
and SV, although these are not without limitations. 
There have been reports of success with superficial 
injection of collagen or hyaluronic acid, although this 
is more likely to help in cases of scar- or SV-relat-
ed glottic insufficiency.4-6 Superficial injections are 
typically limited by the inability to separate severe-
ly tethered epithelium from the deeper lamina pro-
pria or vocal ligament. Autologous fat implantation 
through an extended superior cordotomy has shown 
improvements in the mucosal wave, stiffness, and 
glottic closure, and in objectively assessed GRBAS 
(grade, roughness, breathiness, asthenia, strain) pa-
rameters.7,8 A vocal fold slicing technique has been 
described, akin to serial z-plasty techniques in skin, 
to reduce tension and epithelium tethering.9 Both 
autologous fat implantation and slicing techniques 
require considerable expertise, are technically chal-
lenging, and present the theoretical risk of further 
scarring inherent to extensive subepithelial dissec-
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Gray minithyrotomy approach to 
subepithelial space. A) Anterior 
window placement perpendicu-
lar to longitudinal axis of vocal 
fold. B) Fat implantation. Note 
entirely submucosal path without 
epithelial disruption. C) Preoper-
ative image of left vocal fold with 
scar and lamina propria deficien-
cy (arrowhead). D) Postoperative 
image shows subepithelial aug-
mentation in area of previous de-
ficiency (arrowhead). 
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tion. Furthermore, fat implantation may be limited 
by the inability to fully dissect tethered epithelium 
and by implant migration: because this technique re-
quires dissection of the superior surface of the lam-
ina propria, fat migration from the free edge to the 
superior surface is common.10 Despite the reported 
benefits of various techniques, voice improvements 
are often modest and are surgeon-dependent. 

The Gray minithyrotomy (GMT), as pioneered 
by Steven Gray and colleagues, was introduced as a 
novel technique to address the subepithelial fibrosis 
and deficiency seen in scarring and SV, respective-
ly.11 This approach, through an external neck inci-
sion and an anteriorly based thyroid cartilage win-
dow (see Figure, A), provides direct access to the 
subepithelial space along the free edge of the vocal 
fold. It eliminates the need for superior-surface vo-
cal fold dissection. The goal is to facilitate place-
ment of fat or fascia as a lamina propria replacement 
(see Figure, B). The practical advantages offered by 
this approach include access to the lamina propria 
without epithelial disruption, the unique ability to 
dissect along the longitudinal plane of the vocal 
fold, and the ability to separate epithelium tethered 
by scar or SV. Additionally, it facilitates placement 

of an appropriate implant without the need for suture 
placement and with less risk of implant migration.12 
The initial clinical experience with this technique is 
promising; as reported by Paniello et al,13 improved 
videostroboscopic parameters and subjective voice 
improvements can be expected. Similarly, Tan et 
al14 reported success with the GMT approach to al-
lograft placement, with improvement in the Voice 
Handicap Index (VHI) scores, as well as improve-
ment in the mucosal wave. These studies together 
suggest that this procedure is a relatively safe and 
viable option for the treatment of scar and SV. 

Despite the apparent clinical utility, the GMT is 
performed with relative infrequency, which has lim-
ited the outcome data for this procedure in the lar-
yngology literature. The goal of the current report is 
to present the results of GMT at a single institution. 
Subjective voice outcomes are presented as qualita-
tive self-reported changes and quantified scores on 
the VHI-10. Objective outcomes are presented as 
videoperceptual analyses of stroboscopic findings. 
Finally, the safety of the procedure is reported with 
the complications encountered. This represents the 
largest report to date of quantified voice outcomes 
compared with videoperceptual analyses after this 
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unique surgical procedure. 

MATERIALS AND METHODS 

Patient Selection. The University of Pittsburgh 
Voice Center database was reviewed for all patients 
who underwent GMT at our institution. The senior 
author (C.A.R.) performed the GMT in all cases ex-
cept for 1. Institutional Review Board approval was 
obtained from the University of Pittsburgh School 
of Medicine. All patients who underwent GMT with 
follow-up were included in the study, and a subset 
of patients with postoperative VHI-10 scores were 
included for quantitative voice outcome analyses. 
Patient demographics, the indications for the proce-
dure, the number and type of previous procedures, 
and complications were recorded. The preoperative, 
postoperative, and final VHI-10 scores and strobo-
scopic parameters were recorded. The postopera-
tive visit was selected as the first office visit after 
the first 2 weeks after surgery, typically near the 
1-month mark. The final end-point was defined as 
the last follow-up office visit, or the last office visit 
before additional surgical procedures. 

Surgical Technique. The operative technique for 
the GMT was performed as previously described.12,13 
Briefly, the procedure was performed under general 
anesthesia. Suspension laryngoscopy with the Zei-
tels Universal Modular Glottiscope (Endocraft LLC, 
Boston, Massachusetts) was performed for the dura-
tion of the surgical procedure, with a 0º or 30º tele-
scope used to visualize the glottis. The thyroid car-
tilage was exposed in standard fashion, and fat was 
typically harvested from the neck, when available. 
A fat implant was used solely in all patients, with 
the exception of 1 patient, who had a combination 
fat and fascia implant. The cranial-caudal level of 
the vocal folds was identified by passing a 22-gauge 
needle through the midline of the thyroid cartilage, 
through the anterior commissure. An otologic drill 
with a cutting bur was used to make anterior-based 
windows 2 to 3 mm off midline at the previously 
determined level of the anterior commissure. Once 
an incision was made through the inner perichon-
drium, a subepithelial plane was raised with otolog-
ic instruments, such as a duckbill or House “Gim-
mick” elevator. In certain cases of tethered scar, Bel-
lucci scissors were used for sharp dissection. Fat im-
plants were placed into this pocket with a 19-gauge 
angiocatheter inserted into the subepithelial pock-
et. The minithyrotomy windows were closed with 
bone wax, and the soft tissues were closed in layers. 
Further details for the operative procedures can be 
found in previous reports.12,13 

Voice Outcomes. The primary voice outcome used 
in the study was the score on the VHI-10, an abbre-

viated and statistically validated patient question-
naire that assesses voice limitations.15 The preop-
erative VHI-10 score was compared to the score on 
the first postoperative visit, typically 1 to 2 months 
following surgery, and that on the final postopera-
tive visit, as defined above. Differences in preop-
erative and postoperative VHI-10 scores were mea-
sured as the ΔVHI-10 and the percentage decrease 
in VHI-10. The ΔVHI-10 is the absolute reduction 
or decrease in the VHI-10 metric. The percentage 
decrease is calculated as the ΔVHI-10 divided by 
the preoperative VHI-10 score, expressed as a per-
centage. Additionally, patients’ global self-reported 
voice outcomes, obtained at the time of the post-
operative office visit, were reported as improved, 
worsened, or showing no change compared to the 
preoperative voice. 

Videoperceptual Analysis. Preoperative and post-
operative stroboscopic examination findings were 
reviewed from the patient medical records. Assess-
ments made at the time of the initial recording with 
specific parameters were used instead of subsequent 
reviews. This assessment was chosen for direct anal-
ysis in the context of patient care, rather than using 
blinded analyses. Two parameters were selected as 
most relevant to the GMT procedure; these were the 
mucosal wave and glottic closure. The mucosal wave 
was categorized as normal, mildly diminished, mod-
erately diminished, severely diminished, or absent. 
Glottic closure was categorized as complete normal, 
complete short, transglottic, elliptical, or irregular. A 
nonparametric sign test was used to assess improve-
ment or worsening in the mucosal wave and glot-
tic closure patterns. For the purpose of this analysis, 
in addition to standard reporting, improvement was 
considered a change from transglottic to any other 
closure pattern, and elliptical and irregular patterns 
were considered equivalent. 

RESULTS 

The database identified 16 patients who under-
went GMT at the University of Pittsburgh Medical 
Center from May 2006 through September 2010. Of 
the 16 patients, 12 had postoperative follow-up data; 
2 patients were lost to follow-up, 1 patient pursued 
follow-up with a local laryngologist, and 1 patient 
died of causes unrelated to the surgery before fol-
low-up. Of the 12 patients with follow-up data, 4 
had simultaneous bilateral GMT procedures, 7 had 
a unilateral GMT, and 1 patient had a bilateral GMT 
with the second-side operation performed 1 year af-
ter the initial-side operation; this left a total of 13 
procedures for individual postoperative analysis. 
The postoperative follow-up ranged from 23 to 268 
days, with a mean of 64.7 days. The time of the final 



postoperative visit ranged from 23 to 513 days, with 
a mean of 202.2 days (Table 1). 

Of the 12 patients with available follow-up data, 
6 were male and 6 were female (age range, 29 to 72 
years; mean ± SD, 51.2 ± 14.8 years). Eight patients 
had scar secondary to previous vocal fold surgery or 
surgeries. (Three patients had microflap surgery for 
subepithelial or ligamentous lesions, and 1 patient 
each underwent phonomicrosurgery for Reinke’s 
edema, lipoinjection for atrophy with subsequent 
removal of fat, removal of rheumatologic lesions, 
microde brider removal of papilloma, and vocal fold 
stripping during childhood.) Two patients had scar 
secondary to repeated phonotrauma, 1 patient had 
SV, and 1 patient had radiation-induced fibrosis and 
scarring. Of the patients with no available follow-
up, 1 had SV, 1 had intubation-related scar, and 2 
had radiation fibrosis (Table 1). 

With regard to previous procedures to address the 
scar or SV, 7 of the 12 patients had 2 or more failed 
surgical interventions, 3 had 1 previous surgery, and 
1 had no prior surgery for scar. The most common 
procedure was attempted superficial collagen vocal 
fold injection; 6 of the 12 patients had this proce-
dure before the GMT. Five patients had superficial 
steroid injections before the GMT. The remaining 
procedures were directed toward improving glottic 
competence and included medialization laryngo-
plasty, vocal fold lipoinjection, and deep vocal fold 
injection of carboxy methylcellulose, calcium hy-
droxylapatite, or collagen. Only 4 patients had at-
tempted procedures after GMT: 2 patients had 2 pro-
cedures each, and 2 patients had 1 each (Table 1). 

VHI-10 data were available for 12 of the 16 pa-
tients who underwent GMT (total of 13 procedures). 
All patients had a preoperative VHI-10 score of at 
least 20. Seven of the 13 preoperative VHI-10 scores 

were above 30. The mean VHI-10 scores across all 
patients on the first preoperative visit and the first 
postoperative visit were not statistically or clini-
cally different; they remained the same, at 30.6 and 
30.2 (p = 0.89), for a ΔVHI-10 of 0.4 or a 1.3% de-
crease. The mean ΔVHI-10 across all patients, from 
the first preoperative visit to the final postoperative 
visit, similarly, was not statistically or clinically sig-
nificant; the mean score decreased minimally, from 
30.6 to 30.4 (p = 0.94), for a ΔVHI-10 of 0.2 or a 
0.65% decrease (Table 2). 

Six of the 13 procedures resulted in improvement 
in the VHI-10 score, 4 resulted in worsening, and 3 
resulted in no change. Of the 6 procedures that re-
sulted in improvement, the mean VHI-10 score de-
creased from 31.2 to 23.7 (p = 0.09), for a ΔVHI-10 
of 7.5 or a decrease of 24.1%. From the preoperative 
visit to the final postoperative visit, the mean VHI-
10 score decreased from 31.2 to 26.5 (p = 0.36), for 
a ΔVHI-10 of 4.7 or a decrease of 15.1%. The sub-
jective self-reported global assessment showed a 
postoperative improvement in 7 patients, worsening 
in 4, and no change in 2. Six of the 7 patients who 
showed improvement had a corresponding decrease 
in VHI-10 score (Table 2). 

For stroboscopic analysis, 17 individual sides 
were analyzed for mucosal wave and 13 procedures 
were analyzed for glottic closure patterns for the 
first postoperative visit (4 patients with simultane-
ous bilateral GMT, 7 with unilateral GMT, and 1 
with staged bilateral GMT). Before the operation, 
no vocal folds showed a normal mucosal wave, 1 
vocal fold (5.9%) showed a mildly decreased mu-
cosal wave, 9 vocal folds (52.9%) showed a moder-
ately decreased mucosal wave, 1 vocal fold (5.9%) 
showed a severely decreased mucosal wave, and 3 
vocal folds (17.6%) were adynamic. In 3 vocal folds 
(17.6%), the mucosal wave could not be assessed 
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TABLE 1. PATIENT DEMOGRAPHICS

  Age     Previous Follow-Up
 Case (y) Sex Side Indication Cause Surgeries (d)

  1 29 F Left Scar Phonotrauma 1 37
  2 66 F Left Scar Phonomicrosurgery 1 51
  3* 46 F Right Scar Phonomicrosurgery >2 51
  4 66 F Left Scar Phonomicrosurgery 2 28
  5* 46 F Left Scar Phonomicrosurgery >2 29
  6 59 M Right Scar Radiation 2 25
  7 42 F Right Scar Phonomicrosurgery 2 58
  8 71 F Bilateral Scar Phonotrauma 2 48
  9 72 M Right Scar Phonomicrosurgery >2 149
 10 48 M Bilateral Scar Phonomicrosurgery >2 30
 11 31 M Right Scar Phonomicrosurgery 1 44
 12 43 M Bilateral Scar Phonomicrosurgery 0 23
 13 53 M Bilateral Sulcus Phonotrauma 1 268

*Cases 3 and 5 are two staged sides for one patient.



secondary to supraglottic hyperfunction. After the 
operation, no sides showed a normal mucosal wave, 
4 sides (23.5%) showed a mildly decreased wave, 
5 sides (29.4%) a moderately decreased wave, 6 
sides (35.3%) a severely decreased wave, and none 
had adynamic waves. The mucosal wave for 2 vo-
cal folds (11.8%) could not be assessed secondary 
to supraglottic hyperfunction (Table 3). Before the 
operation, the glottic closure pattern was transglottic 
in 6 patients, elliptical in 1, irregular in 5, and com-
plete but short in 1. After the operation, the glottic 
closure pattern was transglottic in 2 patients, ellipti-
cal in 2, irregular in 3, complete but short in 4, and 
complete normal in 2. 

The mucosal wave improved for 7 of 17 sides 
(41.2%), worsened for 3 sides (17.6%), showed no 
change for 4 sides (23.5%), and could not be visual-
ized for 3 sides (17.6%). On the nonparametric sign 
test, out of 14 sides, 4 were unchanged, 7 improved, 
and 3 worsened, but there was no statistical signifi-
cance (p = 0.34). Closure improved in 7 of the 13 
cases (53.8%) and showed no change in 6 of the 13 
(46.2%). On the nonparametric sign test, 7 cases im-
proved and none worsened. There was a statistically 
significant change in closure pattern (p < 0.05). The 
sign test ignores the instances of no change from be-
fore to after treatment and simply looks at positive 
versus negative changes (Table 3). 
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TABLE 2. QUANTIFIED AND SELF-REPORTED VOICE OUTCOMES

     Percent Self-
  Preoperative Postoperative  Change on Reported
	 Case	 VHI-10	 VHI-10	 ∆VHI-10	 VHI-10	 Outcome
  1 24 11 13 54.2 Improved
  2 29 21 8 27.6 Improved
  3* 36 28 8 22.2 Improved
  4 34 27 7 20.6 Improved
  5* 26 21 5 19.2 Improved
  6 38 34 4 10.5 Improved
  7 20 31 –11 –55 Improved
  8 20 40 –20 –100 Worse
  9 32 38 –6 –18.8 Worse
 10 40 40 0 0 Worse
 11 33 33 0 0 Worse
 12 26 28 –2 –7.7 No change
 13 40 40 0 0 No change
 Mean 30.6 30.2 0.4 1.3

 VHI-10 — Voice Handicap Index–10 score.
*Cases 3 and 5 are two staged sides for one patient.

TABLE 3. VIDEOSTROBOSCOPIC FINDINGS

   Preoperative Postoperative Preoperative Postoperative
 Case Side Mucosal Wave Mucosal Wave Closure Closure

  1 L Moderately decreased Mildly decreased Complete short Complete short
  2 L Unable to visualize Unable to visualize Transglottic Transglottic
  3* R Adynamic Moderately decreased Transglottic Irregular
  4 L Severely decreased Moderately decreased Irregular Complete normal
  5* L Moderately decreased Severely decreased Irregular Complete short
  6 R Moderately decreased Moderately decreased Irregular Irregular
  7 R Moderately decreased Severely decreased Transglottic Transglottic
  8 L Moderately decreased Severely decreased Irregular Elliptical
  8 R Moderately decreased Mildly decreased  
  9 R Adynamic Severely decreased Elliptical Elliptical
 10 L Unable to visualize Unable to visualize Transglottic Irregular
 10 R Unable to visualize Severely decreased  
 11 R Adynamic Severely decreased Transglottic Complete normal
 12 L Moderately decreased Mildly decreased Irregular Complete short
 12 R Moderately decreased Moderately decreased  
 13 L Moderately decreased Moderately decreased Transglottic Complete short
 13 R Mildly decreased Mildly decreased  

*Cases 3 and 5 are two staged sides for one patient.



Complications were encountered in 5 of 16 pa-
tients overall. One patient had neck ecchymosis that 
resolved spontaneously. Another patient had imme-
diate subcutaneous emphysema after the operation, 
with subsequent seroma that required aspiration, 
and then abscess that required incision and drain-
age with antibiotics. One patient had self-resolving 
tongue numbness and taste changes. Another patient 
had a wound dehiscence that was allowed to heal 
by secondary intention. The final complication was 
postoperative aspiration pneumonia that required 
percutaneous endoscopic gastrostomy tube place-
ment in a patient with noted preoperative cricopha-
ryngeal dysfunction and esophageal dysmotility.

DISCUSSION 

The current study examines the postoperative 
outcomes of patients who underwent GMT in a sin-
gle institution. Across all procedures in 13 cases, the 
mean VHI-10 score did not change statistically or 
clinically. The mean preoperative VHI-10 score was 
30.6 (maximum score, 40); all preoperative scores 
were over 20, and 7 of the 13 were over 30. The ma-
jority of patients had 2 or more previous surgeries to 
address the vocal fold scar or SV. These data point to 
the severity of the voice limitations in patients con-
sidered for this procedure and the fact that scar and 
SV are refractory to surgical treatment. 

Nevertheless, improvements were seen in 6 of 
13 cases (46.2%). The mean VHI-10 score in this 
group decreased from 31.2 to 23.7 (ΔVHI-10 = 7.5; 
p = 0.09), corresponding to a 24.1% improvement in 
VHI-10 score. It has been proposed that a decrease 
of 5 in the VHI-10 score represents a clinically sig-
nificant difference; all but 1 of these patients who 
improved after GMT met this criterion. The differ-
ences between preoperative and postoperative VHI-
10 scores approached but did not achieve statistical 
significance, perhaps because of the low number of 
patients in this group. It is encouraging to note that 
all of these patients reported subjective improve-
ment in their voice, although only half showed an 
improvement in the videostroboscopic parameters 
of mucosal wave and closure. 

The outcomes seen in this study are somewhat 
different from the previous clinical experiences re-
ported with GMT. Paniello et al13 showed an im-
proved but reduced or near-normal wave in all but 
3 of 21 procedures, and a postoperative glottic gap 
in only 2 patients. The reasons for this difference 
are unclear; they may be due to preoperative differ-
ences in case severity, differences in patient selec-
tion, or differences in surgical technique. However, 
it should be noted that the current study used dif-
ferent reporting parameters in analyzing the video-

stroboscopic findings, which likely contribute to 
the differences in stroboscopy results seen between 
the two studies. The quantified voice outcomes of 
the two studies also cannot be compared, given that 
each study utilized different voice outcome metrics. 
Tan et al14 showed a decrease in overall VHI scores 
in 9 of 17 patients who underwent GMT, with 3 of 
the 17 patients being placed into a “failure category” 
because of complications or persistent dysphonia. 
Although this finding may point to the superiority 
of allograft material over fat implantation, the lack 
of direct comparison should limit definitive con-
clusions about this question. Because of the small 
number of patients in all studies, the different stro-
boscopic outcomes, and the different voice metrics, 
definitive conclusions comparing the results of the 
three studies should not be drawn. 

Of note, 4 of our 13 cases showed a worsening 
in the postoperative VHI-10 score. This had no cor-
relation to the self-reported voice outcome; 2 pa-
tients reported worse voice, 1 patient reported no 
change, and 1 patient reported an improvement. In 
addition, 3 of the 4 patients showed improvements 
in the VHI-10 score from the first postoperative visit 
to the final postoperative visit (data not shown). The 
initial worsening in VHI-10 scores did not correlate 
with worse outcomes on the videostroboscopic pa-
rameters. The worsening in these patients could be 
related to further scarring secondary to dissection or 
loss of viability of the implanted fat. Additionally, 
these results may be secondary to patient dissatis-
faction due to a lack of improvement or unrealistic 
expectations. Many of the patients with severe scar 
or SV likely had some degree of supraglottic hyper-
function, or secondary muscle tension dysphonia. It 
is possible that this long-standing maladaptive tech-
nique is difficult to break in these patients, and that 
minor augmentation may adversely affect the voice, 
given the poor laryngeal mechanics. Patient factors, 
such as continued postsurgical phonotrauma and in-
dividual wound healing factors, may also play a role 
in poor outcomes. 

Further studies comparing GMT to other surgi-
cal techniques could help decide which treatment is 
most efficacious in treating severe scar or SV. Our 
studies point to the failure of conservative techniques 
such as superficial collagen injection or deep vocal 
fold injection augmentation. Pragmatically, the ad-
vantages of GMT over traditional cordotomy and 
fat implantation are evident. Decreased subepithe-
lial dissection, limited to the medial edge of the vo-
cal fold, and the lack of superior surface dissection 
decrease implant migration. Furthermore, securing 
the fat implant is technically less challenging in the 
GMT, with less risk of mucosal tearing. Direct com-
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parisons in a single study may help delineate which 
surgical method is more appropriate. 

Use of autologous fat as an implant or injection, 
although effective, can be problematic. Typically, 
overinjection is needed to anticipate a 50% reduc-
tion in final fat volume. The long-term viability of 
the fat implant is unpredictable, so it is difficult to 
correctly estimate the volume of initial fat needed. 
Atrophy or reabsorption of the fat implant likely 
contributed to suboptimal voice results in some of 
the patients in our study. The GMT provides an ex-
cellent approach to the lamina propria, and as more 
reliable lamina propria replacements are developed, 
the results of GMT will likely improve. 

Of the complications encountered in this study, 
none were definitively unique to the GMT proce-
dure. Neck ecchymosis and wound dehiscence are 
possible in all open neck procedures. Because there 
was no mucosal perforation or direct communica-
tion with the airway, it seems likely that the sub-
cutaneous emphysema with resultant abscess was a 
result of wound closure, external seeding, and poor 
healing, rather than of the thyrotomy directly. Al-
tered sensation and taste of the tongue is possible 
in all cases of suspension laryngoscopy, although 
the duration of suspension, which may be increased 
in GMT compared to microlaryngoscopic proce-
dures, plays a role.16 Finally, postoperative aspira-
tion pneumonia and dependence on a percutane-
ous endoscopic gastrostomy developed in 1 patient 

with preoperative cricopharyngeal dysfunction and 
esophageal motility. This predilection for aspiration 
may have been exacerbated through dissection of 
the strap muscles, although this idea is speculative. 
The complications encountered are not specific to 
GMT, and may occur in any case of open neck sur-
gery or microlaryngoscopy. 

The current study is only the third investigation 
to describe surgical outcomes following GMT, and 
is the largest to directly compare quantified voice 
outcomes with videostroboscopic findings after 
GMT. Our results point to a patient population with 
severe symptoms in whom multiple previous treat-
ments have failed. The study reveals that nearly half 
the procedures resulted in improved postoperative 
voice outcomes. The complications included those 
related to other open neck and microlaryngoscopic 
procedures. As newer and more reliable lamina pro-
pria replacements are developed, the GMT approach 
may be used increasingly, with improved outcomes 
for scar and SV. 

CONCLUSIONS 

The GMT is a relatively safe and viable treatment 
option for patients with severe voice impairments 
from scar or SV. In a patient population marked by 
previous surgical failures, improvements can be ex-
pected in a subset of patients, with acceptable voice 
outcomes. Surgeon and patient expectations should 
remain reasonable, however, given the refractory 
nature of vocal fold scar and SV. 
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Surgery or Botulinum Toxin for Adductor Spasmodic Dysphonia: 
A Comparative Study

Abie H. Mendelsohn, MD; Gerald S. Berke, MD

Objectives: Currently, botulinum toxin (Botox) injection is the standard of treatment for adductor spasmodic dysphonia 
(ADSD). We sought to compare the outcome of selective laryngeal adductor denervation-reinnervation (SLAD-R) sur-
gery for ADSD to that of Botox injections.

Methods: Patient-oriented measures (VHI-10) and objective single-blinded gradings of digital voice recordings were 
utilized as outcome measures. The surgical cohort, recruited by retrospective patient selection, consisted of 77 patients 
with a mean follow-up time of 7.54 ± 2.55 years (range, 2.2 to 14.2 years). The injection cohort, recruited prospectively, 
included 28 patients with a mean follow-up time of 46.37 ± 5.51 days (range, 36 to 54 days). 

Results: As measured by the VHI-10, the surgical patients had significantly improved voice handicap outcome scores 
(mean, 14.4 ± 13.6) as compared to the patients who had Botox injection (mean, 26.5 ± 12.1; p = 0.001). Aside from VHI-
10 item 2, the surgical group demonstrated significantly improved voice-related function on each VHI-10 component (p 
= 0.01). Within the injection subgroup, 88% agreed that Botox successfully treats their ADSD, yet only 63% agreed that 
Botox improves their speech consistently. Within the surgical subgroup, 82% would recommend this surgery to others, 
and 78% agreed that their voice was actually better after surgery than after Botox. Objective voice ratings demonstrated 
similar levels of breathiness and overall voice quality in the treatment subgroups.

Conclusions: When indicated, the SLAD-R surgery for ADSD demonstrates outcomes equal to or superior to those of 
the current standard of Botox injections. 

Key Words: adductor spasmodic dysphonia, botulinum toxin, hyperkinetic dysphonia, laryngeal dystonia, larynx, neu-
rologic voice disorder, surgery, voice. 
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INTRODUCTION

Adductor spasmodic dysphonia (ADSD) is the 
most common form of laryngeal dystonia. It causes 
unwanted voice breaks and significantly dimin-
ishes patients’ quality of life.1 Although the exact 
pathophysiologic mechanism is still under investiga-
tion, like other dystonias, ADSD is central in origin.2 
However, unlike other forms of dystonia, ADSD is 
not responsive to muscle training or laryngeal exer-
cises. Voice therapy as a single treatment modality3 
or in combination with pharmaceutical therapy4 has 
shown little to no success. Additionally, no treatment 
to date has successfully targeted the central level of 
the disorder. Instead, current treatment strategies 
block the aberrant signaling. The current standard 
of therapy for ADSD is botulinum toxin (Botox) in-
jections to the intrinsic laryngeal adductor muscula-
ture. Botox works by specifically and permanently 
inhibiting the presynaptic release of acetylcholine, 
thus effectively blocking neuromuscular activation. 

Botox therapy has successfully improved ADSD 
symptoms and quality of life in numerous studies, 
including a double-blind trial5 and a massive institu-
tional case series.6 Although Botox inhibits muscle 
spasms, it does not affect the underlying disorder. 
Thus, when new presynaptic vesicles sprout, by-
passing the Botox blockade, the centrally mediated 
dystonic signaling returns until Botox can be read-
ministered. This cyclic nature of ADSD treatment is 
an unfortunate reality for the majority of patients. In 
fact, patients with ADSD spend from 57%7 to 66%8 
of their voice cycles with a suboptimal voice. The 
suboptimal voice is a result of either awaiting the 
full therapeutic effect or experiencing a therapeu-
tic decline. Although Botox has been described as 
the best available therapy,8 investigators continue to 
seek improvements in the treatment of ADSD.

Although several surgical interventions are cur-
rently proposed for ADSD, such as myoplasty9 or 
thyroplasty,10 only one targets the disordered neu-
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romuscular signaling. First described in 1999, the 
selective laryngeal adductor denervation-reinnerva-
tion (SLAD-R) procedure demonstrated encourag-
ing voice outcomes in a pilot study.11 The SLAD-
R creates its “selective denervation” by opening a 
window in the thyroid cartilage so that the adductor 
branch of the recurrent laryngeal nerve (RLN) can 
be selectively severed, leaving the posterior branch 
intact. The unaltered abductor muscle can therefore 
continue normal function; however, the dystonic 
adductor signaling is disrupted. In order to prevent 
RLN regrowth, as had been seen previously with 
RLN section,12 the adductor branch is reinnervated 
via a direct anastomosis with a branch of the ansa 
cervicalis. Reinnervation occurs after an estimated 
3 to 6 months, and serves to maintain muscle tone 
and bulk while preventing RLN regrowth. A long-
term follow-up study demonstrated consistency of 
SLAD-R voice outcomes.13 Although this study 
demonstrated the durability of the voice improve-
ment, the efficacy of SLAD-R in comparison to the 
current standard of Botox therapy is unknown. In 
this study, we sought to determine whether SLAD-R 
surgery produces lasting outcomes compar able to, or 
superior to, those of Botox injections. On the basis 
of our earlier studies, we hypothesized that SLAD-R 
patients would demonstrate subjective and objective 
outcomes superior to those of injection patients.

METHODS

This study was approved by the Institutional Re-
view Board of the University of California–Los An-
geles (UCLA Medical-IRB protocol 09-07-0290-
01).

SLAD-R Surgical Technique. The surgical proto-
col for SLAD-R has been previously described in 
detail.11,13 Over the past 16 years, the extent of the 
lateral cricoarytenoid (LCA) myotomy has lessened. 
The limited LCA myotomy, especially in men, has 
been noted to reduce the severity of postoperative 
dysphagia and breathy dysphonia. As the female 
voice can better tolerate a posterior glottal gap,14 a 
more substantial LCA myotomy may be performed 
in women. This glottal gap is not frequently found in 
men. A large LCA myotomy has therefore left men 
with substantial postoperative breathy dysphonia. 
On the other hand, an overly cautious myotomy may 
lead to ADSD recurrence. After SLAD-R, patients 
typically spend 1 or 2 nights in the hospital until the 
Penrose drain is removed and adequate oral intake 
is achieved. 

Surgical Subgroup Recruitment. Patients who un-
derwent the SLAD-R procedure between January 1, 
1995, and December 31, 2007, were included in the 

initial recruitment. All SLAD-R procedures were 
performed at UCLA, and all were performed by the 
senior author (G.S.B.). The patient list was gener-
ated from billing codes. Within the inclusion time 
period, 157 patients from 34 states were identified. 
A recruitment package was sent to each patient’s last 
known billing address, along with a written survey 
and a voice recording script. Ultimately, 42 patients 
were lost to follow-up and 4 patients died. When 
necessary, medical charts were also searched for pa-
tient emergency contacts to identify updated contact 
information. Of the 111 patients with verified con-
tact information, 77 surgical patients (69.4%) par-
ticipated in the study.

Injection Subgroup Recruitment. Patients with 
ADSD who presented for botulinum toxin type A 
(Botox, Allergan Inc, Irvine, California) injections 
were approached for voluntary participation. The 
senior author administered every injection included 
in the present study. Only patients with at least 2 pri-
or successful injections, as determined by the senior 
author as having achieved improved postinjection 
voice symptoms, were asked to participate. The pa-
tients were given written research information, and 
only after the injection was participation agreement 
or refusal obtained. The injections were performed 
via the point-touch technique, which has been de-
scribed previously.15 The injection date was docu-
mented, and injection patient participation was con-
fined to no earlier than 5 weeks after injection and 
no later than 8 weeks after injection. The strict time 
constraint was placed to ensure the capture of the op-
timal Botox therapeutic plateau.7,8 With 77 patients 
included in the surgical arm, an a priori power cal-
culation was used to determine the ideal number of 
injection patients to recruit. A test of difference be-
tween 2 independent means was utilized to estimate 
the Voice Handicap Index–10 (VHI-10) outcome. In 
order to identify a medium-size effect with an alpha 
level of 0.05, a power of 0.80, and an allocation ra-
tio N2/N1 of 0.5, 38 injection patients were estimat-
ed for recruitment. Through 3 months, 30 injection 
patients were recruited, but 2 withdrew during the 
study. An interval data analysis was performed with 
the remaining 28 injection patients, which identified 
significant (p < 0.05) mean treatment outcome dif-
ferences with a large effect size (d = 0.95). Post hoc 
analysis of the VHI-10 results demonstrated a power 
level of more than 0.99, so with 28 patients, recruit-
ment was closed. 

Written Surveys. The VHI-10 was utilized as the 
main patient-oriented outcome measure. The VHI-
10 is a validated patient-based measure of functional 
deficits that arise from voice disorders, and has been 
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suggested as a more useful measure of voice-relat-
ed treatment than biological or physiological mea-
sures.16 Additionally, the VHI-10 has been specif-
ically identified as a reliable measure with ADSD 
patients.17

Supplementary questions were included along 
with the VHI-10. These included demographic data, 
questions regarding additional medical conditions, 
and subjective questions regarding the status of the 
voice and related symptoms following treatment. 
The list of subjective questions is detailed below. 

Voice Recordings and Rating. The surgical and 
injection subgroups underwent identical voice re-
cording protocols. All patients were called from the 
same landline telephone within a dedicated room. 
A DS-40 digital voice recorder (Olympus, Center 
Valley, Pennsylvania) was connected directly to the 
telephone handset by microphone adapter. The DS-
40 uses a sampling frequency of 44.1 kHz and has 
an overall frequency response of 50 to 16,000 Hz, 
although the telephone lines remove frequencies 
below approximately 300 Hz and above 3,400 Hz. 
The patients were called and asked to read from a 
previously mailed telephone script. They first sus-
tained the vowel /a/ for a minimum of 5 seconds. 
The patients were next prompted for a sample of 
spontaneous speech in response to the request “Tell 
me about your voice before you began treatment.” 
After at least 10 seconds of spontaneous speech, the 
patients were asked to read 5 sentences designed to 
elicit voice breaks. The single most commonly dys-
phonic sentence was “We mow our lawn all year,” 
which was therefore chosen for inclusion in percep-
tual tests. The voice recordings were then edited by 
a single author (A.H.M.) on Sound Forge v10 (Mid-
dleton, Wisconsin). The recordings were reduced to 
10 seconds: 2 seconds of sustained vowel, 5 seconds 
of spontaneous speech (with references to either Bo-
tox or surgery deleted), and 3 seconds of the stan-
dardized sentence.

The open source ALVIN2 software was chosen 
as the rating platform.18 ALVIN2 presented edited 
voice samples in a random and blinded fashion. The 
monitor displays 5 individual visual analog scales for 
5 rating components: overall voice quality, breathi-
ness, roughness, vocal strain, and voice breaks. Rat-
ers are allowed to replay the samples without limit, 
but are not allowed to return to a previously grad-
ed response. ALVIN2 presents raters with a visual 
analog scale and automatically records the distance 
from left (normal voice) to right (severely deviant) 
on each scale as a score between 0 (normal voice) 
and 1,000 (severely deviant).

Three expert voice raters (2 clinical voice scien-

tists and 1 otolaryngologist) completed the ratings 
for all 96 voice samples. None of the experts had 
treated any of the study patients, nor had any of the 
raters heard any of the voices before grading. The 
raters listened to voice samples in a quiet environ-
ment with over-the-ear headphones.

Statistical Analysis. Statistical significance was 
defined as a p value of less than 0.05. Subgroup de-
mographic differences were compared by use of χ2 
tests, Fisher’s exact test, and difference of means 
testing as appropriate. The VHI-10 scores, as an 
ordinal variable, were analyzed with nonparamet-
ric tests (Mann-Whitney, Kruskal-Wallis), includ-
ing comparisons of individual VHI-10 components 
and overall scores. Descriptive statistics alone were 
used in reviewing the subjective questioning results. 
Pearson’s correlation coefficients measured inter-
rater reliability; r values below 0.50 were treated as 
nonsignificant, regardless of the associated p value. 
Spearman’s rho was utilized to identify relation-
ships between patient-based and clinical grading 
outcomes. The p values were corrected for multiple 
comparisons. Statistical analyses were conducted 
with SPSS v17.0 (Chicago, Illinois).

RESULTS

The demographic breakdown of the 77 surgical 
patients and the 28 injection patients are displayed in 
Table 1. The treatment subgroups demonstrated sta-
tistical similarity based on gender, age at treatment, 
ADSD time course, and additional medical history. 
However, the surgical group demonstrated a substan-
tially higher percentage of patients who underwent 
voice therapy before they chose surgical interven-
tion (p < 0.001). The mean (±SD) follow-up times 
were 7.54 ± 2.55 years (range, 2.2 to 14.2 years) for 
the surgical subgroup and 46.37 ± 5.51 days (range, 
36 to 54 days) for the injection subgroup. 

Survey Results. The mean (±SD) posttreatment 
total VHI-10 scores were 26.46 ± 12.09 for the 
injection group  and 14.22 ± 13.60 for the surgi-
cal group, indicating significantly (p < 0.001) im-
proved patient-oriented voice outcomes for surgery 
versus injection. Additionally, the surgical sub-
group demonstrated significantly improved scores 
on each VHI-10 component except for VHI-10 item 
2 (“People have difficulty understanding me in a 
noisy room”). Table 2 displays the mean scores for 
each of the VHI-10 components stratified by treat-
ment subgroup. Additionally, the VHI-10 outcomes 
in each treatment group were substratified by gen-
der; however, no significant difference was found 
(p = 0.52).

Additional surgical outcome questions utilizing 
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TABLE 2. VOICE HANDICAP INDEX–10 RESULTS

  Injection Group Surgery Group
  (n = 24) (n = 74) p

VHI 1 My voice makes it difficult for people to hear me 2.54 ± 1.56 1.53 ± 1.48 0.008
VHI 2 People have difficulty understanding me in a noisy room 2.67 ± 1.40 2.00 ± 1.62 0.100
VHI 3 My voice difficulties restrict personal and social life 2.79 ± 1.44 1.35 ± 1.55 <0.001
VHI 4 I feel left out of conversations because of my voice 2.30 ± 1.40 1.25 ± 1.45 0.004
VHI 5 My voice problem causes me to lose income 2.17 ± 1.67 0.95 ± 1.35 0.002
VHI 6 I feel as though I have to strain to produce voice 2.74 ± 1.45 1.40 ± 1.54 0.001
VHI 7 The clarity of my voice is unpredictable 2.92 ± 1.25 1.64 ± 1.58 0.001
VHI 8 My voice problem upsets me 3.04 ± 1.37 1.50 ± 1.56 <0.001
VHI 9 My voice makes me feel handicapped 2.83 ± 1.40 1.27 ± 1.53 <0.001
VHI 10 People ask, “What’s wrong with your voice?” 2.75 ± 1.42 1.46 ± 1.62 0.001
VHI-10 Total  26.46 ± 12.09 14.22 ± 13.60 <0.001

Table displays mean (±SD) VHI-10 score for each component (0 = strongly disagree; 1 = disagree; 2 = undecided; 3 = agree; 4 = strongly agree). 
Associated p values were calculated via Mann-Whitney nonparametric analysis. As demonstrated, surgical subgroup had significantly better total 
VHI-10 score, as well as better scores on each component, except for item 2.

VHI-10 scoring options (0 = strongly disagree; 1 
= disagree; 2 = undecided; 3 = agree; 4 = strong-
ly agree) were submitted to the surgical subgroup 
(Table 3). With a mean score of 3.44, the surgical 
group would recommend the SLAD-R procedure to 
others with ADSD, with 5 patients (6.5%) dissent-
ing. The surgical patients noted improved fluency 
(mean score, 3.41) and a better voice quality than 
they had experienced after Botox injection (mean 
score, 3.38). However, 23 surgical patients (31.1%) 
did respond that they still experienced some level of 
postoperative dysphagia. The average time to opti-
mal swallow function was 17.36 ± 30.71 weeks after 
operation. The surgical patients also noted contin-
ued voice improvement until an average of 37.61 ± 
57.12 weeks after operation.

Matching subjective questions were submitted to 
the injection patients. Opinions varied as to wheth-

er injections consistently achieved similar levels 
of voice improvement after each treatment (mean 
score, 2.63). However, the injection group did feel 
that the Botox treated their ADSD symptoms suc-
cessfully (mean score, 3.33), and most did not ex-
perience any spasms with the Botox in place (mean 
score, 1.57). Although many patients experienced 
temporary dysphagia lasting an average of 1.44 ± 
1.21 weeks, the injection group as a whole was not 
experiencing substantial swallowing difficulties at 
the time of the survey (mean score, 1.00). The in-
jection patients required an average of 4.14 ± 5.76 
weeks for maximal voice improvement after injec-
tion.

Voice Rating Results. The posttreatment voice re-
cordings were presented to the raters in a random-
ized blinded fashion. The inter-rater reliability was 
computed for each of the 5 grading criteria. Only 

TABLE 1. DEMOGRAPHIC DATA

 Injection Group Surgery Group
 (n = 28) (n = 77) p

Female 21 (75.0%) 53 (68.9%) 0.54* 
Male   7 (25.0%) 24 (31.1%)
Average (±SD) age at treatment (y) 53.86 ± 14.1 52.9 ± 13.0 0.74†
Average (±SD) age at onset of adductor spasmodic dysphonia symptoms (y)  37.2 ± 18.3 41.0 ± 14.1 0.32†
Average (±SD) age at diagnosis of adductor spasmodic dysphonia (y)   43.9 ± 16.4 46.0 ± 12.6 0.50† 
History of voice therapy   0 (0%) 50 (67.6%) <0.001‡
Coexisting medical conditions
 Neurologic disorder   6 (21.4%) 12 (15.6%) 0.48* 
 Laryngeal disorder   1 (3.5%)  5 (6.5%) 0.98‡ 
 Diabetes   0 (0%)  4 (5.2%) 0.57‡ 
 Autoimmune disorder   4 (14.3%)  8 (10.4%) 0.80* 
 Psychological disorder   4 (14.3%)  5 (6.5%) 0.38* 
 Gastroesophageal reflux disease   8 (28.6%)  32 (41.6%) 0.23* 

*χ2 test.
†t-test.
‡Fisher’s exact test.



overall voice quality and breathiness were rated reli-
ably (overall voice quality: Pearson’s r = 0.58, 0.63, 
0.62, p < 0.001; roughness: r = 0.51, 0.34, 0.35, p < 
0.001; breathiness: r = 0.78, 0.64, 0.76, p < 0.001; 
vocal strain: r = 0.33, 0.26, 0.18, p = 0.01; voice 
breaks: r = 0.25, 0.37, 0.35, p = 0.01). The mean 
scores for both categories were similar between the 
two treatment groups for both overall voice qual-
ity (injection group, 379 ± 199; surgical group, 342 
± 213; p = 0.44) and breathiness (injection group, 
185 ± 184; surgical group, 169 ± 232; p = 0.73; Fig 
1). Additionally, the scores for voice quality and 
breathiness were significantly correlated (Pearson’s 
r = 0.55; p < 0.001), suggesting a connection be-
tween these two grading criteria. Neither voice qual-
ity (p = 0.99) nor breathiness (p = 0.42) grading was 
affected by patient gender.

Finally, we investigated the correlation between 
the VHI-10 scores and the ratings of voice quality. 
The total VHI-10 scores and the breathiness scores 
were poorly correlated (Spearman’s rho = 0.14; p 
= 0.21). However, the total VHI-10 scores demon-
strated a modest correlation with the overall voice 
quality scores (Spearman’s rho = 0.48; p < 0.001; 
Fig 2).

DISCUSSION

Adductor spasmodic dysphonia is an incurable 
condition for which effective symptomatic treat-

ments are available. The most widely available treat-
ment is Botox injections administered to the laryn-
geal adductor musculature. Botulinum toxin consis-
tently improves voice and quality of life in patients 
with ADSD.19 However, there are numerous issues 
that can hamper the utilization of Botox. First, the 
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TABLE 3. SUBJECTIVE VOICE QUESTIONNAIRE RESULTS

 Injection Group Surgery Group
 (n=24) (n=74) p

My speech is more fluent after the (surgery/injection) 3.13 ± 1.01 3.41 ± 1.11 0.05
I am not embarrassed speaking in public 2.59 ± 1.30 3.00 ± 1.36 0.13
My speech is understandable 3.29 ± 0.96 3.45 ± 0.92 0.29
Botox (treated/treats) my spasmodic dysphonia successfully 3.33 ± 0.70 1.66 ± 1.32 <0.01
I have NOT had any spasmodic dysphonia symptoms since the (surgery/injection) 2.08 ± 1.44 2.77 ± 1.41 0.03
I have NOT experienced breathing difficulties since the (surgery/injection) 3.30 ± 1.19 3.22 ± 1.28 0.97
I have NOT experienced any new swallowing problems since the (surgery/injection) 2.88 ± 1.30 2.65 ± 1.49 0.59
The breathiness of my voice following (surgery/injection) has improved over time 2.95 ± 1.05 3.32 ± 1.16 0.02
I still have vocal spasms when I speak 1.57 ± 1.36 1.17 ± 1.48 0.12
I still have swallowing difficulties since the (surgery/injection) 1.00 ± 1.29 1.38 ± 1.57 0.05
I would recommend this operation to others with spasmodic dysphonia   3.45 ± 1.11
I would be interested in alternatives to Botox injections 3.08 ± 1.02
I need Botox treatments after the surgery for spasmodic dysphonia   0.53 ± 1.14
I need Botox treatments more frequently now 1.39 ± 0.89
My speech is better following the surgery than following Botox   3.39 ± 1.12
My speech improves to the same level after each injection 2.63 ± 1.17
Time until maximal speech improvement (wk) 4.14 ± 5.76 37.61 ± 57.12
Time until maximal swallow function (wk) 1.44 ± 1.21 17.36 ± 30.71

Table displays mean (±SD) subjective score for each subjective questionnaire item (0 = strongly disagree; 1 = disagree; 2 = undecided; 3 = agree; 
4 = strongly agree). Questions were tailored to patient treatment groups. Certain questions could not be asked of both groups, and responses are 
subdivided by treatment group. Associated p values were calculated by nonparametric rank sum analysis. Statistical analysis was not applied to 
select measures, given differences of administered subjective questionnaires. 

Fig 1. Averaged voice rating scores (y-axis) are displayed 
stratified by treatment subgroup. Neither ratings for over-
all voice quality nor ratings for breathiness were signif-
icantly different between patients with surgery and pa-
tients with botulinum toxin injection. Median values and 
quartile ranges are seen to be quantitatively equivalent.



optimal dosage is highly variable, and individualized 
requirements must be discovered by trial and error.7 
Botox-induced neuroblockade takes an average of 2 
or 3 days to complete,20 after which a significantly 
breathy voice can be expected for up to 10 days.7 
The duration of the improvement in symptoms varies 
by individual,7 but on average lasts 3 to 6 months.6 
After the plateau of optimal voice quality, a subse-
quent period of decline in voice quality can last for 
up to 33% of the treatment cycle until repeat injec-
tion can be performed.8 The strain of this undulating 
cycle is consistent with the finding that the patients 
treated with Botox gave the most negative ratings on 
the VHI-10 components addressing voice unpredict-
ability and associated emotional strain.

Repeated Botox injections can also become fi-
nancially burdensome because of the costs of the 
injectate, office visits, time off from work, and, in 
some cases, significant travel expenses. It is also 
our opinion that over many years, precise injections 
become increasingly more challenging because of 
scarring of the injection sites. Therefore, some pa-
tients become more interested in alternative meth-
ods of ADSD treatment. Before surgical interven-
tion, most patients within the present study had tried 
at least one alternative therapy — most commonly, 
voice therapy (68% of patients). This trend was es-
pecially striking in light of the finding that none of 
the injection patients had tried voice therapy. 

To the end of finding a permanent solution to 

these problems, the SLAD-R surgery was devel-
oped in the 1990s.11 Although a long-term follow-
up study demonstrated more than 4 years of im-
proved voice and quality of life, it was still unknown 
how well SLAD-R outcomes compared to the out-
comes of Botox therapy. Additionally, the durability 
of effect of the SLAD-R procedure has been ques-
tioned.20 With a mean follow-up of 7.5 years, the 
present results confirm the long-term efficacy of this 
procedure. In total, the results reported herein dem-
onstrate, at a minimum, a therapeutic equivalence, 
as measured by an objective rating, and superiority, 
as measured by patient-based instruments. 

The patient-based outcomes were measured via 
posttreatment use of the VHI-10. The VHI-10 scores 
were significantly and substantially lower in the sur-
gical group (mean, 14.22) than in the injection group 
(mean, 26.46), suggesting improved patient-based 
voice outcomes following surgery as compared with 
Botox treatment. Although every effort was made 
to test the injection patients during their optimal 
therapeutic window, this subgroup’s posttreatment 
scores were still abnormal. The mean injection VHI-
10 score in the present study is elevated over what 
has been previously reported for VHI-10 scores of 
patients with ADSD treated with Botox.7,17 How-
ever, the mean surgical VHI-10 score of the present 
study equals or exceeds previously reported injec-
tion VHI-10 scores. It is conceivable that the injec-
tion group’s elevated VHI-10 score represents their 
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Fig 2. Voice Handicap Index–10 (VHI-10) and overall voice quality rating scores are plotted with estimated linear regression 
lines (dotted) and 95% confidence interval curves. Scatterplots are stratified by treatment subgroup (injection subgroup, R2 = 
0.094; surgical subgroup, R2 = 0.376).



decreased quality of life throughout their entire cy-
cle, as opposed to the limited time of capture. In fact, 
additive factors such as emotional and psychological 
stress play a large role in overall ADSD quality-of-
life measurements8 and should be considered in ana-
lyzing strict voice-related outcomes. Because some 
patients who have undergone SLAD-R may no lon-
ger associate themselves with ADSD, the continued 
stress of the disorder no longer manifests. The poor 
correlation between the VHI-10 scores and voice 
quality ratings in the Botox group suggests a person-
al bias. In other words, some patients with satisfacto-
ry objective voice quality ratings scored themselves 
poorly on the VHI-10. 

The ratings of breathiness and overall voice qual-
ity did not differ significantly between the two treat-
ment groups, demonstrating that SLAD-R produced 
voice quality results similar to those of Botox injec-
tion, but on a long-term basis. The durable nature of 
the surgical effects also implies a need for caution. 
As seen specifically in the breathiness ratings, there 
were outliers within the surgical treatment group, 
consistent with occasional poor outcomes that led 
to worsened dysphonia. Postoperative voice breaks 
can be successfully managed with postoperative in-
jections. In the current cohort, 7 of 72 surgical pa-
tients (9.7%) had received postoperative Botox in-
jections for spasm recurrence. However, of these pa-
tients, 3 reported substantial improvement of their 
fluency after SLAD-R, and all 3 would recommend 
the surgery to others with ADSD. The remaining 4 
of 72 patients (5.6%) have persistent and residual 
untreated ADSD.

Voice ratings placed 8 of 72 postsurgical voices 
(11%) as outliers on a breathiness scale. The breathi-
ness ratings for these outliers were positively corre-
lated with the VHI-10 scores (mean, 28.5; r = 0.49; 
p = 0.03). However, of these severely breathy pa-
tients, 50% would still recommend the surgery to 
others with ADSD, and 75% feel that their voices 
are more understandable since the surgery. These 
observations suggest that patients with relatively 
poor postsurgical voice outcomes may still consider 
themselves successfully treated.

Dysphagia is typically a transient postoperative 
symptom, yet in some cases, dysphagia has been 

protracted. From the subjective data, 13 of 72 pa-
tients (18%) experienced a noticeable decrease in 
their swallowing function, and 11 of 72 (15%) not-
ed a more significant dysphagia. Yet, as a measure 
of satisfaction, 11 of 13 patients (85%) with sub-
jectively mild dysphagia and 7 of 11 patients (64%) 
with subjectively severe dysphagia would still rec-
ommend SLAD-R to other ADSD patients. In com-
parison, 8% of the injection subgroup had noticeable 
dysphagia, and an additional 8% experienced sub-
jectively significant dysphagia, consistent with pre-
vious reports that laryngeal injection of Botox is not 
devoid of treatment complications.6,21 Future study 
with objective swallowing function measures may 
help elucidate the risk of dysphagia with SLAD-R. 
Patients with ADSD must weigh the risks and ben-
efits of injections and surgery.

Several limitations of the present study must be 
mentioned. Most prominently, the pretreatment con-
dition is not included in the present analysis. The 
magnitude of voice improvement is dependent on 
the severity of the untreated ADSD,19 and absolute 
conclusions cannot be drawn without understanding 
the pretreatment severity of either subgroup. How-
ever, given the length of follow-up and the diffuse 
geographic composition of the study population, 
this factor was unavoidable. The use of telephone 
recordings also limits the conclusions from percep-
tual analyses. It is possible that the bandpass-filter-
ing of the telephone transmission caused reductions 
in inter-rater agreement levels, although telephone 
recordings have been successfully used in previous 
research.8,22

CONCLUSIONS

Patients who underwent SLAD-R surgery for 
ADSD demonstrated significantly improved pa-
tient-based measures of vocal function in compari-
son to patients who received Botox injections. Addi-
tionally, expert listeners’ ratings of voice quality did 
not differ significantly between the groups with sur-
gery and Botox injection. Positive voice outcomes 
were seen at an average of 7.5 years after surgery, 
and thus can be considered durable. In conclusion, 
the SLAD-R surgery should be considered a reason-
able therapeutic alternative to Botox injections for 
patients with ADSD.
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Local Repair of Persistent Tracheocutaneous Fistulas 

Sobia F. Khaja, MD; Aaron M. Fletcher, MD; Henry T. Hoffman, MD 

Tracheocutaneous fistulas may persist after tracheostomy. Suture closure of the fistula may result in complications, in-
cluding infection, wound dehiscence, and pneumomediastinum. We present a simplified and relatively safe technique to 
close persistent fistulas that may be performed under local anesthesia. A retrospective chart review was performed on 13 
patients who were successfully treated, including 1 with incomplete closure that was successfully addressed by additional 
procedures. Our review included analysis of reported risk factors for persistence of tracheocutaneous fistulas: previous 
irradiation of the neck, an extended duration of cannulation, previous tracheostomies, obesity, and use of a Bjork flap or 
4-flap epithelial-lined tracheostomy. All 13 patients in the study were found to have at least 1 of these risk factors. 

Key Words: fistula, tracheocutaneous fistula, tracheostomy. 
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INTRODUCTION 

As many as 70% of patients in whom a trache-
ostomy is maintained for more than 16 weeks will 
have a persistent fistula after decannulation.1 Fail-
ure of a stoma to spontaneously close has been re-
lated to previous irradiation.1-4 Complications at-
tributed to persistence of fistulas include aspiration 
pneumonia, skin irritation from secretions, vocaliza-
tion problems, and cosmetic defects.4-8  

Techniques for closure of tracheocutaneous fis-
tulas include primary closure, fistulectomy with 
primary closure in layers, and fistulectomy with 
closure by secondary intention.4,8,9 Previously de-
scribed primary closure techniques involved an el-
liptical incision surrounding the fistula, with closure 
in a purse-string mechanism and inversion into the 
fistula tract, followed by layered closure.8 Our pre-
ferred approach differs by making use of vertical 
mattress sutures that are loosely tied to provide ap-
proximation but not complete closure of the abraded 
surfaces, usually without placement of a drain. Oth-
er described techniques have used a similar ellipti-
cal incision with closure of the trachea followed by 
closure of the muscular layer, with placement of a 
drain.4 More complicated procedures may include 
interposition of muscle flaps between the airway and 
skin.3 These more complex procedures are thought 
to carry a higher risk of complications such as pneu-
momediastinum, infection, and pneumothorax.7,8  

We present the results of a series of tracheocuta-
neous fistula closures in adult patients by a simpli-

fied technique that can be performed under local an-
esthesia. The complication rate associated with clo-
sure was examined and analysis of this patient popu-
lation was performed to correlate tracheocutaneous 
fistulas with various risk factors.

METHODS 

Sample Population. A retrospective review of all 
patients who presented to the senior author (H.T.H.) 
for closure of a tracheocutaneous fistula between 
2004 and 2009 was performed with CPT codes for 
“closure of windpipe lesion” and “repair of wind-
pipe defect.” A total of 13 patients were identified. 
The medical records of the identified patients were 
examined for specific criteria believed to potential-
ly play a role in the formation of the tracheocutane-
ous fistulas: previous irradiation of the neck, dura-
tion of tracheos tomy, multiple tracheostomies, use of 
a Bjork flap or 4-flap epithelial-lined tracheostomy, 
and obesity. Corticosteroid use was initially included 
as a variable, but was excluded because of incom-
plete data. The success of fistula closure was deter-
mined by the persistence of an opening. Complica-
tions of the procedure were sought from the chart and 
focused on infection, subcutaneous air, and the need 
for revision surgery. The surgical technique (Fig 1) 
used to close these fistulas is described below.  

Surgical Technique. Local anesthetic with vaso-
constrictor (1% lidocaine with 1:100,000 epineph-
rine) is sprayed into the trachea through the stoma 
and injected into the soft tissue of the stoma site. 
The patient is prepared and draped in sterile fash-
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Fig 1. Patient with persistent tracheocutaneous fistula undergoing closure under local anesthesia with technique described. 

ion and placed in a semirecumbent position. With 
a No. 15 scalpel blade, a vertical elliptical incision 
is made, separating respiratory mucosa from skin, 
with a small triangle of skin removed at the infe-
rior edge and sometimes the superior edge. The un-
derlying peripheral tissue is then undermined with a 
curved Beaver blade. Hemostasis is achieved with 
bipolar cautery. Two or three 4-0 nylon vertical mat-
tress sutures are passed deeply just short of entering 
the airway to encompass deep tissue and eliminate 
dead space. These sutures are loosely tied with air 
knots to approximate the tissue but allow air leak-
age, thus preventing subcutaneous emphysema. One 
patient in our study population had placement of a 
rubber-band drain. Patients are discharged home ap-
proximately 1 hour after confirmation that they have 
no subcutaneous emphysema. A 1-week course of 
antibiotics is recommended.

RESULTS  

Tracheostomy was required for airway obstruc-
tion in 11 patients and for prolonged ventilation 
(failure to wean) in 2 patients (Table 1). The air-
way obstructions included laryngotracheal abnor-
malities, as well as the need to provide an airway 
for an adjacent surgical procedure. The duration of 
cannulation for these patients ranged from 6 to 658 
days (average, 186 days). The identified persistent 
tracheocutaneous fistulas were preceded by mul-

tiple trache ostomies in 3 of the 13 patients (23%). 
The time from decannulation to correction of the 
tracheo cutaneous fistula varied from 7 days to al-
most 6 years (average, approximately 1 year).  

The underlying factors that potentially contribut-
ed to tracheocutaneous fistula formation are summa-
rized in Table 2. Five of the 13 patients (39%) had 
radiation exposure to the neck before decannulation. 
Ten of 13 patients (77%) had a “flap” tracheostomy; 
8 patients (62%) had a Bjork flap, and 3 (23%) had 
a 4-flap epithelial-lined tracheostomy. Five of the 13 
patients (39%) were obese (defined as a body mass 
index of more than 30).  

Twelve of the tracheocutaneous fistula closures 
(92%) were performed under local anesthesia. Nine 
patients (69%) were discharged from the clinic with-
out requiring any inpatient hospitalization. One pa-
tient had a concurrent procedure and received gen-
eral anesthesia. The 3 patients admitted after closure 
performed under local anesthesia were discharged 
without complications on postoperative day 1. The 
patients generally returned to the clinic between 1 
and 10 days later for follow-up and suture removal; 
1 patient had no record of follow-up, but was re-
ported to have undergone suture removal at a dif-
ferent physician’s office. All patients were treated 
with peri operative antibiotics. The follow-up after 
closure ranged from 8 days to 5.3 years (average, 



TABLE 1. DEMOGRAPHICS FOR 13 PATIENTS MEETING INCLUSION CRITERIA FOR THIS STUDY WHO
UNDERWENT TRACHEOCUTANEOUS FISTULA CLOSURE BETWEEN 2004 AND 2009

    Age at Time   Time From
    of Most Recent  Length of Decannulation
 Pt  Indication for Tracheostomy Multiple Cannulation to Closure
 No. Gender Tracheostomy (y) Tracheostomies (d) (d)

Airway obstruction

  1 M Squamous cell carcinoma of larynx 67 No 50 43
  2 M Squamous cell carcinoma of mandible 78 No 9 7
  3 F Squamous cell carcinoma of tongue 34 Unknown 18 206
  4* M Squamous cell carcinoma of tongue 61 No 106 281
  5 M Squamous cell carcinoma of tongue 46 Yes (2) 146 and 227 1,021 and 47
  6 F Squamous cell carcinoma of tonsil 61 No 6 151
  7* M Squamous cell carcinoma of unknown primary 52 Yes (2) 658 and 174 2,103 and 381
  8 F Airway complications after thyroidectomy 65 No 20 35
  9 M Vocal fold paralysis 66 No 76 323
 10 M Laryngeal edema 72 No 129 286
 11 F Subglottic stenosis 46 2 site revisions 715 96

Prolonged ventilation

 12 M Chronic inflammatory demyelinating ~60 Yes (2) Unknown Unknown
   polyneuropathy
 13 F Meningioma; prolonged ventilation 65 No 267 41 

*Patients 4 and 7 had incomplete closure with follow-up. Patient 4 had spontaneous closure after 1-month follow-up. Patient 7 required 3 attempts
at fistula closure and then underwent more involved procedure for successful closure. 

TABLE 2. DEMOGRAPHICS FOR VARIOUS RISK
FACTORS IN 13 PATIENTS INCLUDED IN THIS STUDY

   Use of Bjork
  Prior Flap or 4-Flap
 Pt Irradiation Epithelial-Lined Obesity (Body
 No. of Neck Tracheostomy Mass Index)

 1 Yes Bjork flap No (26)
 2 No Bjork flap No (25.2)
 3 Yes Bjork flap Yes (33)
 4 Yes Bjork flap No (25.7)
 5 Yes Neither* No (28.1)
 6 No Bjork flap No (26.2)
 7 Yes Neither No (24.3)
 8 No Bjork flap Yes (31.7)
 9 No Bjork flap No (28.4)
 10 No 4-flap Yes (32.4)
 11 No 4-flap Yes (59.2)
 12 No Unknown No (29.4)
 13 No Both Yes (32)

Risk factors included prior irradiation of neck, use of Bjork flap or 
4-flap epithelial-lined tracheostomy, and obesity (defined by body 
mass index of more than 30). 

*For patient 5, information on Bjork flap and 4-flap epithelial-lined
tracheostomy is based on second tracheostomy. There is no avail-
able information on first tracheostomy. 
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1 year).  
A single patient in the series underwent 3 attempts 

at simple closure before successful closure with a 
more extensive procedure, 14 months after the first 
closure attempt. This patient had a tracheocutaneous 
fistula after his first tracheostomy, which was closed 

outside the study period. Persistence of a tracheocu-
taneous fistula after a second tracheostomy through 
the same site was considered to warrant closure. 
The 3 unsuccessful efforts at closure utilized our de-
scribed technique. A final successful procedure un-
der local anesthesia employed more extensive dis-
section. In this final salvage procedure, a vertical el-
liptical incision was made to encompass the fistula, 
the strap muscles were dissected and mobilized to 
perform a multilayer closure, and skin closure was 
performed with both vertical mattress and simple 
sutures (Fig 2). The procedure was performed un-
der local anesthesia, and the patient was discharged 
home after the procedure. 

DISCUSSION 

Multiple techniques have been described for the 
closure of persistent tracheocutaneous fistulas. We 
present a simplified technique for the closure of 
these fistulas in the adult population, with no evi-
dence of complications such as pneumomediasti-
num and pneumothorax, which may occur with 
some techniques.7  

Fewer than half of the patients with tracheocuta-
neous fistulas in this study had prior irradiation of 
the neck. Irradiation would be expected to impair 
healing and potentially contribute to persistence of 
tracheocutaneous fistulas. From review of the num-
ber of patients with “flap” (Bjork or 4-flap epitheli-
al-lined) tracheostomies (77% of patients), we con-



clude that the technique for tracheostomy may also 
predispose patients to persistence of tracheocutane-
ous fistulas. It has been our common practice to use 
the Bjork flap in nearly all tracheostomy procedures 
over the past 10 years. As a result, a comparison be-
tween this technique and tracheostomy without a 
Bjork flap is not possible with our data set. The fact 
that all but 1 patient in this study population had ei-
ther prior radiotherapy or a flap tracheostomy pro-
cedure indicates that the presence of either feature 
may raise concerns for the risk of persistence of a 
tracheocutaneous fistula requiring surgical closure.  

The duration of cannulation and a history of mul-
tiple tracheostomies have been recognized to affect 
the persistence of tracheocutaneous fistulas. Length-
ening the duration of cannulation allows time for epi-
thelial tissue to grow within the stoma and to form 
epithelialized scar tissue and dense connective tis-
sue, resulting in persistence of the stoma.3,4 Reports 
have quoted a 50% rate of persistent tracheocuta-
neous fistulas in patients who were cannulated for 
more than a year after tracheostomy.9 The average 
duration of cannulation in our study was 186 days. 
It is notable that tracheocutaneous fistulas persisted 
in patients in our study who had been cannulated for 

as little as 6 days, indicating that factors other than 
the duration of cannulation may play a role in fistula 
formation. The patients with a short duration of can-
nulation did have other risk factors, such as trache-
ostomy with a Bjork flap.  

Our described technique utilizes a vertical ellipse 
rather than a horizontal ellipse — an approach cho-
sen for several reasons. In most cases, more tissue is 
available to recruit into the defect from lateral dis-
section than from a rostral-caudal dissection. Ad-
ditionally, our standard practice is to perform tra-
cheostomy with a vertical incision. Repair of a fis-
tula logically follows the same dissection pattern in 
order to appropriately align tissue.  

In this study, the only complication encountered 
was incomplete closure. At 1-month follow-up, 12 
of the 13 patients (92%) treated with this technique 
showed complete resolution of their fistula, and only 
1 patient required reoperation for fistula closure. As 
expected, it was common to identify a small air leak 
immediately after operation, which resolved by the 
time of follow-up. One patient reported having an 
air leak for 1 month that resolved on its own and did 
not require a second closure. Only the 1 patient re-
quired repeated attempts at closure before undergo-
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Fig 2. Patient undergoing salvage procedure after 3 failed attempts at simple closure of tracheocutaneous fistula. Note dissection 
and mobilization of strap muscles for multilayer closure.



ing a more involved salvage procedure 14 months 
after the original attempt at closure. The salvage 
procedure followed the same basic principles as the 
approach described in this paper, but required in-
creased tissue dissection, and is not advocated as the 
initial procedure to attempt closure of a tracheocu-
taneous fistula. All other patients had continued clo-
sure of their fistula at the time of last follow-up. Two 
patients required a repeat tracheostomy because of 
cancer recurrence.  

The 2 patients in this study who had incomplete 
closure of their fistula both had at least 2 of the risk 
factors believed to be associated with persistent tra-
cheocutaneous fistula formation. The patient with 
the persistent tracheocutaneous fistula that required 

multiple closures had 2 tracheostomies, with initial 
cannulation for almost 2 years, followed by repeat 
cannulation for approximately 25 weeks, as well as 
prior irradiation of the neck. These features, as well 
as the previous tracheocutaneous fistula closure 
with the first tracheostomy, may have contributed 
not only to the persistent fistula but also to the dif-
ficulty with successful closure.

CONCLUSIONS 

Persistent tracheocutaneous fistulas were effec-
tively closed in 12 of 13 cases by use of the simpli-
fied technique described. It had a low rate of com-
plications and provided both functional and aesthet-
ic benefits to the patients. 

 Khaja et al, Local Repair of Persistent Tracheocutaneous Fistulas 183

REFERENCES

1. Jacobs JR. Bipedicle delayed flap closure of persistent ra-
diated tracheocutaneous fistulas. J Surg Oncol 1995;59:196-8.  

2. Berenholz LP, Vail S, Berlet A. Management of tracheo-
cutaneous fistula. Arch Otolaryngol Head Neck Surg 1992;118: 
869-71.

3. Drezner DA, Cantrell H. Surgical management of tracheo-
cutaneous fistula. Ear Nose Throat J 1998;77:534-7.

4. Geyer M, Kubba H, Hartley B. Experiences of tracheocu-
taneous fistula closure in children: how we do it. Clin Otolaryn-
gol 2008;33:367-9.

5. Priestley JD, Berkowitz RG. Closure of tracheocutaneous 

fistula in children. Int J Pediatr Otorhinolaryngol 2006;70:1357-
9.

6. Kulber H, Passy V. Tracheostomy closure and scar revi-
sions. Arch Otolaryngol 1972;96:22-6.

7. Keenan JP, Snyder GG III, Lehmann WB, Ruiz JW. Man-
agement of tracheocutaneous fistula. Arch Otolaryngol 1978; 
104:530-1.

8. White AK, Smitheringale AJ. Treatment of tracheocutane-
ous fistulae in children. J Otolaryngol 1989;18:49-52.

9. Eaton DA, Brown OE, Parry D. Simple technique for tra-
cheocutaneous fistula closure in the pediatric population. Ann 
Otol Rhinol Laryngol 2003;112:17-9. 



Vocal Fold Stellate Cells in the Human Macula Flava and the
Diffuse Stellate Cell System

Kiminori Sato, MD, PhD; Hirohito Umeno, MD; Tadashi Nakashima, MD

Objectives: Hepatic stellate cells (HSCs) are desmin-positive cells with perinuclear vitamin A droplets that play impor-
tant roles in liver fibrogenesis. Morphologically similar cells have been found at many extrahepatic sites. Consequently, 
the concept of a diffuse stellate cell system has been proposed. Vocal fold stellate cells (VFSCs) in the human maculae 
flavae (MFs) are starlike in shape and possess lipid droplets and store vitamin A. In this study, the relationship between 
the VFSCs in the human MFs and the diffuse stellate cell system was investigated.

Methods: Light and electron microscopic investigations and immunohistochemical studies were performed in 5 samples 
of human adult vocal fold mucosa. 

Results: The VFSCs showed the morphological features of the HSCs (ie, they were desmin-positive cells with perinucle-
ar vitamin A droplets). Glial fibrillary acidic protein and vimentin were identified in the VFSCs in the MFs.

Conclusions: The VFSCs in the human adult MFs express the neural and muscle-associated proteins seen in HSCs. Our 
present and previous investigations suggest that the VFSCs in the human MFs are a member of the diffuse stellate cell 
system. The VFSCs are considered a new category of cells in the human vocal fold. The MFs are proposed to be special 
microenvironments, known as niches, that nurture a pool of VFSCs.

Key Words: diffuse stellate cell system, extrahepatic stellate cell, larynx, macula flava, vocal fold, vocal fold stellate 
cell.
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Interstitial cells with a starlike appearance in the 
human maculae flavae (MFs) were discovered in 
our previous studies in 2001.1 These cells possessed 
lipid droplets and stored vitamin A.1-6 They had 
many morphological differences from conventional 
fibroblasts in the human vocal fold (VF), and con-
stantly synthesized extracellular matrices (ECMs) 
that were essential for the viscoelasticity of the hu-
man VF mucosa.1-6 These cells had no nomenclature 
and were thus designated vocal fold stellate cells  
(VFSCs) in our series of previous studies. Our past 
studies inferred that the VFSCs in the human MFs 
were involved in the metabolism of ECMs, which 
are essential for the viscoelasticity of the human VF 
mucosa,1-6 and VFSCs were considered to be im-
portant interstitial cells in the growth, development, 
and aging of the human VF mucosa.5,6

Hepatic stellate cells (HSCs) play an important 
role in liver fibrogenesis.7 Morphologically similar 
cells have been found at many extrahepatic sites, 
such as the pancreas, kidney, and intestine.8-10 All 
stellate cells are desmin-positive cells with perinu-
clear vitamin A droplets.7 Consequently, the con-

cept of a diffuse stellate cell system has been pro-
posed.8-10 The purpose of this study was to inves-
tigate the relationship between the VFSCs and the 
diffuse stellate cell system.

MATERIALS AND METHODS

Five normal human adult larynges from autopsy 
cases and surgical specimens were used. Any laryn-
ges that had disease that could possibly affect the 
tissue of the VF were excluded from the study. For 
light microscopy, specimens were fixed in 10% for-
malin, dehydrated in graded concentrations of etha-
nol, and embedded in paraffin. Hematoxylin-eosin 
stain was used for each section, and immunohis-
tochemical staining was carried out.

Glial fibrillary acidic protein (GFAP), vimentin, 
and desmin were detected histologically in forma-
lin-fixed and paraffin-embedded tissue by immuno-
histochemical analysis, for which a universal immu-
noenzyme 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. Deparaf-
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Fig 1. Light microscopy of macula flava of human vocal 
fold (gold chloride method, no counterstaining; original 
magnification, ×200). VFSC — vocal fold stellate cell; 
CP — cytoplasmic process; LD — lipid droplet (vacuole).

finized and hydrated sections were rinsed with 0.01 
mol/L phosphate-buffered saline solution (PBS) at 
pH 7.4. The specimens were covered with 3% hy-
drogen peroxide for 10 minutes and rinsed with 
0.01 mol/L PBS, followed by treatment with nor-
mal mouse serum. The specimens were then incu-
bated with the primary antibody overnight at 4°C. A 
1:100-diluted monoclonal antibody against GFAP, a 
1:100-diluted monoclonal antibody against vimen-
tin, and a 1:20-diluted monoclonal antibody against 
desmin (Abcam, Cambridge, England) were 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 5 to 15 minutes at room temperature. Im-
munoreactivity was examined via light microscopy.

Light microscopy with the gold chloride method 
was used for the detection of vitamin A. Fresh hu-
man adult VFs were obtained from surgical speci-
mens. The MF and Reinke’s space of the VF were 
immersed in 0.05% chromic acid (chromium triox-
ide; CrO3; Wako Co Ltd, Osaka, Japan) solution for 
3 hours at room temperature. The specimens were 
frozen and sectioned at a thickness of 20 μm in a 
cryostat. These sections were rinsed in 0.02% gold 
chloride (chloroauric acid; HAuCl4 • 4H2O; Wako 
Co Ltd) solution for 12 hours in total darkness at 
20℃. The sections were washed with distilled wa-
ter and dehydrated in graded concentrations of etha-
nol. The specimens were mounted on glass slides 
and observed under a light microscope. 

For transmission electron microscopy (TEM), the 
specimens were fixed in 2.5% glutaraldehyde at 4°C 
for 2 hours, rinsed with cacodylate buffer solution, 
and postfixed in 2% osmium tetroxide with caco-
dylate buffer solution at 4°C for 2 hours. After rins-
ing with cacodylate buffer solution, the specimens 
were dehydrated in graded concentrations of etha-

nol and embedded in epoxy resin. Semithin sections 
were prepared with an ultramicrotome, stained with 
1% toluidine blue, and examined with a light micro-
scope. Thin sections were made with an ultramicro-
tome and stained with uranyl acetate and lead cit-
rate, as well as with tannic acid so as to make the 
elastin apparent. Observation was conducted with 
an H-7650 transmission electron microscope (Hi-
tachi High-Technologies Corp, Tokyo).

RESULTS

Light Microscopic Findings. Many VFSCs were 
distributed in the MFs. The VFSCs were irregular 
and stellate in shape and possessed slender cy to - 
plas mic processes (Fig 1). Numerous scattered star- 
shaped VFSCs appeared black against the pale 
red background in the MFs with the gold chloride 
method (Fig 1). The cytoplasm of the VFSCs con-
tained numerous fine grains of reduced gold, and the 
nuclei were stained reddish brown. The VFSCs con-
tained vacuoles in the cytoplasm (Fig 1), which were 
in fact vitamin A–containing lipid droplets. Conven-
tional fibroblasts in Reinke’s space had no black-
stained elements in the cytoplasm. The gold reaction 
was therefore highly specific for the VFSCs.

Vimentin immunoreactivity was detected in the 
VFSCs in the human MFs (Fig 2A). Vimentin im-
munoreactivity was also expressed in cells with 
morphological features of fibroblasts in Reinke’s 
space. Cytoplasmic GFAP and desmin immunoreac-
tivities were present in the VFSCs (Fig 2B,C). Cyto-
plasmic GFAP and desmin immunoreactivities were 
not detected in cells with morphological features of 
fibroblasts in Reinke’s space.

TEM Findings. Figures 3 and 4 show the TEM 
findings. The VFSCs were irregular and stellate in 
shape and had extended slender cytoplasmic pro-
cesses (Fig 3A). The VFSCs possessed several vi-
tamin A–containing lipid droplets, which were 1 to 
2 μm in diameter (Fig 3B). They were distributed 
not only in the cell body, but also in the cytoplas-
mic processes, and were of both membrane-bound-
ed (Fig 3B) and non–membrane-bounded types. The 
former were each surrounded by a unit membrane. 
No basal lamina was found around the cell surfac-
es (Fig 3A,B). The nuclei in the VFSCs were oval. 
The nucleus-cytoplasm ratio was small, and a well-
developed rough endoplasmic reticulum (rER) and 
a Golgi apparatus were found (Figs 3C and 4A), in-
dicating that these cells were not quiescent and that 
protein synthesis was occurring within them. The ve-
sicular and tubular elements of the rER frequently 
expanded to form flat saccular structures called cis-
ternae (Figs 3C and 4A), indicating that the rER was 
moderately distended with proteinaceous secretory 
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product. The Golgi apparatus, consisting of lamellae 
associated with vesicles, could be seen. There were 
a few mitochondria. Microfilaments were distributed 
in the cytoplasm, and 10-nm-thick filaments (inter-
mediate filaments; Fig 3B) were also present. The 
intermediate filaments were revealed to be vimentin, 
GFAP, and desmin by immunohistochemical anal-
ysis. Microtubules (Fig 4B) and basal bodies com-
posed of microtubules (Fig 4A) were present. There 
were many vesicles at the periphery of the cytoplasm, 
and newly released amorphous materials were seen 
on the cell surfaces of the VFSCs (Fig 4C).

DISCUSSION

The concept of a diffuse stellate cell system has 
been proposed as a result of the discovery of cells 
that are morphologically similar to HSCs at many 
extrahepatic sites, such as the pancreas, lungs, kid-
ney, spleen, and intestine.8-10 However, the true 
phenotypic relationship between these cells has not 
been fully established. VFSCs, which are morpho-
logically similar to HSCs, have been discovered in 

the MFs of the human VF.1 The VFSCs are consid-
ered a new category of cells in the human VF.1-6 The 
relationship between VFSCs and the diffuse stellate 
cell system was investigated in this study.

VFSCs in Human MFs. There were a number of 
morphological differences between VFSCs and con-
ventional fibroblasts in the human VF mucosa.1-6 
The VFSCs were irregular and starlike in shape and 
possessed slender cytoplasmic processes. The nu-
cleus-cytoplasm ratio was small, and well-devel-
oped intracellular organelles such as rER and Golgi 
apparatus were present. Additionally, the rER was 
frequently dilated in cisternal form, indicating that 
the rER was moderately distended with proteina-
ceous secretory product.11 These findings indicate 
that these cells are not quiescent and that protein 
synthesis occurs within them.11 Along the surface of 
the VFSCs, a number of vesicles were present. The 
VFSCs constantly synthesized amorphous materi-
als that may have been precursors of ECMs, such 
as collagenous, reticular, and elastic fibers and gly-

186 Sato et al, Vocal Fold Stellate Cells & Diffuse Stellate Cell System 

Fig 2. Immunohistochemical staining of cytoplasm of VFSCs in 
human macula flava (original, ×400). A) Vimentin (arrows). B) 
Glial fibrillary acidic protein (arrows). C) Desmin (arrows).
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cosaminoglycans (hyaluronic acid), which are es-
sential for the viscoelastic properties of the human 
VF mucosa.1-6 The VFSCs possessed lipid droplets 
in the cytoplasm that contained vitamin A.4

Our studies1-6 indicate that the VFSCs in the hu-
man adult MFs are not quiescent and constantly 
synthesize ECMs essential for the viscoelasticity of 
the human VF mucosa. They also indicate that the  
VFSCs in the adult MFs participate in fibrogenesis 
and fibrolysis.

VFSCs and Diffuse Stellate Cell System. HSCs 
play an important role in liver fibrogenesis.7 After 
liver injury, quiescent HSCs become activated, lose 
their vitamin A stores, and develop into contractile 
myofibroblast-like cells that secrete ECM proteins.7 
It is widely accepted that HSC-derived myofibro-
blast-like cells contribute to liver fibrosis.7 Mor-
phologically similar cells have been found at many 
extrahepatic sites.8-10 All stellate cells are desmin-
positive cells with perinuclear vitamin A droplets.7 
Consequently, the concept of a diffuse stellate cell 
system has been proposed.10 However, the true rela-
tionship between these populations at different sites 

remains uncertain.

The concept of a diffuse stellate cell system was 
previously proposed as a classification for these 
cells under the name “vitamin A–storing cell sys-
tem.”8 According to Yamada and Hirosawa,8 the vi-
tamin A–storing cells showed the following mor-
phological features. The cells were irregular in 
shape and had extended, slender, often branched 
cell processes. The cells possessed several vitamin 
A–containing lipid granules. The number of gran-
ules increased in hypervitaminosis. No basal lamina 
was found around the cell surfaces. Well-developed 
rER and Golgi apparatus were found, and the former 
was frequently dilated in cisternal form. Filaments 
of about 50 Å (5 nm) diameter were usually seen 
along the plasma membrane. Microtubules were 
fre quently present, especially in the cell processes. 
Cells were located in the connective tissue spaces 
and had a close relationship to both the endothelium 
of the vascular vessel and various epithelial tissues.

According to Wake,9 vitamin A–storing cells also 
had the following morphological features. Along the 
surface of the cytoplasm, a number of micropinocy-
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Fig 3. Transmission electron microscopy of VFSC in human 
macula flava (uranyl acetate and lead citrate stain). A) N — 
nucleus; CP — cytoplasmic process. B) Lipid droplet (LD; B 
region in A). MF — microfilament; V — vesicle; N — nucleus. 
C) Intracellular organelles (C region in A). rER — rough endo-
plasmic reticulum; M — mitochondrion; G — Golgi apparatus; 
N — nucleus.
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totic vesicles or caveolae were observed. Microfila-
ments were distributed in the cytoplasm and micro-
tubules, and 10-nm filaments were also contained. 
Our present study revealed that intermediate fila-
ments containing vimentin, GFAP, and desmin were 
distributed in the cytoplasm of the VFSCs.

It has not been demonstrated whether the number 
of lipid granules of the VFSCs increases in hyper-
vitaminosis, nor whether the VFSCs become acti-
vated, lose their vitamin A stores, and develop into 
contractile myofibroblast-like cells. However, our 
microscopic studies revealed that the VFSCs in the 
MFs of the human VFs were similar to the cells of 
the vitamin A–storing cell system.

A growing list of neural markers has been iden-
tified in the HSCs, including RhoN, GFAP, nestin, 
and neurotrophin receptors.7 GFAP is a member of 
the intermediate filament protein family and is char-
acteristic of neural crest cells. It is heavily and spe-
cifically expressed in astrocytes and certain other 
astroglia in the central nervous system. In addition, 
neural stem cells frequently strongly express GFAP. 
Desmin belongs to the intermediate filament protein 

family. Members of this family are characteristic of 
myogenic crest cells and are found in muscle cells. 
Vimentin is the major subunit protein of the inter-
mediate filaments of mesenchymal cells.

The HSCs contain a variety of neural and mus-
cle-associated proteins such as GFAP and desmin.10 
Consequently, controversies exist about the embry-
onic origin of HSCs, because they express proteins 
of all three germ layers.12 The mesenchymal cells 
at extrahepatic sites express many of the neural and 
muscle-associated proteins seen in HSCs.10 There 
are similarities between HSCs and mesenchymal 
cells in other tissues.10 

Our present and previous studies revealed that the 
VFSCs in the human MFs are desmin-positive cells 
with perinuclear vitamin A droplets and that they 
express the neural (GFAP) and muscle-associated 
(desmin) proteins seen in the HSCs. Therefore, the 
VFSCs also express proteins of all three germ layers. 
These results suggest that the VFSCs show the mor-
phological features of HSCs. These results are con-
sistent with the concept that the VFSCs are a mem-
ber of the proposed diffuse stellate cell system. As 
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Fig 4. Transmission electron microscopy of 
VFSC in human macula flava. A) Tannic acid 
stain. BB — basal body; Mt — microtubule; rER 
— rough endoplasmic reticulum; G — Golgi ap-
paratus; N — nucleus; V — vesicle; CF — col-
lagenous fibers; EF — elastic fibers. B,C) Ura-
nyl acetate and lead citrate stain. Mt — microtu-
bule; V — vesicle; Am — amorphous material; 
N — nucleus.



a result of this heterogeneity, it is uncertain whether 
the VFSCs derive from the same embryonic source as 
conventional fibroblasts in the human VF mucosa.

Human MFs and Niches. Human VF mucosa has 
dense masses of cells and ECMs, which are called 
MFs.5,6,13-15 The MFs are located at the anterior and 
posterior ends of the membranous portion of the 
bilateral human VF mucosa. They are elliptical in 
shape, and their size is approximately 1.5 × 1.5 × 1 
mm. The border between the MFs and the surround-
ing soft tissue is relatively clearly delineated. 

The distribution of the interstitial cells differs ac-
cording to their site in the human VF mucosa. The 
cell density is greater in the MFs and sparse in Rein-
ke’s space (lamina propria of the VF mucosa). Many 
VFSCs are present in the human MFs, and their den-
sity is high; however, none are found in Reinke’s 
space. Fibroblasts can be seen throughout the hu-
man VF mucosa.

The ECMs of the MFs are composed of fibrillar 
protein, such as collagenous, reticular, and elastic fi-
bers, and glycosaminoglycan, especially hyaluronan 
(hyaluronic acid).13-15 These ECMs in the MFs ex-
tend to those in the lamina propria (Reinke’s space 
and the vocal ligament) of the VF mucosa.

Side population cells are regarded as a cell popu-
lation enriched with stem cells or progenitor cells, 
and are recognized as a candidate for somatic stem 

cells. Side population cells are identified in the epi-
thelium and subepithelial tissue, including the ante-
rior and posterior MFs.16 There is growing evidence 
that HSCs are stem cells or progenitor cells of the 
vertebrate liver.17 The results of the present study 
are consistent with the concept that the VFSCs are a 
member of the proposed diffuse stellate cell system. 
These findings raise the possibility that VFSCs may 
be somatic stem cells. Stem cells require a special 
environment, the so-called stem cell niche, to main-
tain their characteristics. The VFSCs reside within 
the MFs in the human VF mucosa. In the VF mucosa, 
MFs are proposed to be special microenvironments, 
known as niches, that nurture a pool of VFSCs.

CONCLUSIONS

The VFSCs in the human MFs are desmin-pos-
itive cells with perinuclear vitamin A droplets and 
show the morphological features of the cells includ-
ed in the proposed diffuse stellate cell system. The 
VFSCs in the human MFs express the neural and 
muscle-associated proteins seen in the HSCs, and 
they also express proteins of all three germ layers. 
Our present and previous investigations suggest that 
the VFSCs in the human MFs are a member of the 
proposed diffuse stellate cell system. The VFSCs 
are considered a new category of cells in the human 
VF. The MFs are believed to be special microenvi-
ronments, or niches, that nurture a pool of VFSCs.
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Regeneration of Tracheal Epithelium Using a Collagen
Vitrigel–Sponge Scaffold Containing Basic Fibroblast Growth Factor

Akiko Tani, MD; Yasuhiro Tada, MD, PhD; Toshiaki Takezawa, PhD;
Mitsuyoshi Imaizumi, MD, PhD; Yukio Nomoto, MD, PhD;

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

Objectives: Our group has had good results in tracheal mucosal regeneration using a collagen vitrigel–sponge scaffold 
in an animal model. In this study, the effectiveness of this scaffold with the application of basic fibroblast growth factor 
(b-FGF) was investigated.

Methods: A collagen vitrigel–sponge scaffold was fabricated with simultaneous addition of b-FGF. Three types of col-
lagen vitrigel–sponge scaffolds were made: no b-FGF, 10 ng of b-FGF, and 100 ng of b-FGF. At 3, 5, 7, and 14 days after 
implantation in rats, the tracheas were removed and histologically evaluated. The regeneration of mucosal epithelium and 
the subepithelial layer was evaluated.

Results: Mucosal epithelium, including pseudostratified epithelium and ciliated cells, regenerated earlier in the scaffolds 
when b-FGF was applied than when b-FGF was not applied. Regeneration of the subepithelial layer, infiltration of in-
flammatory cells and fibroblasts, and angiogenesis were promoted earlier in the scaffolds with b-FGF application.

Conclusions: Our technique for tracheal reconstruction using collagen vitrigel–sponge scaffolds with b-FGF applica-
tion affords a feasible approach for accelerating the regeneration of the intraluminal surface and subepithelial layer of 
tracheal tissue.

Key Words: basic fibroblast growth factor, collagen vitrigel–sponge scaffold, tracheal epithelium, tracheal reconstruc-
tion.
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INTRODUCTION

Surgical management of tracheal reconstruction 
is one of the most difficult issues associated with 
extensive tracheal resection in patients with malig-
nant disease, trauma, or idiopathic tracheal stenosis. 
Generally, a reconstructive procedure using autolo-
gous cartilage, muscle, bone, and skin is adopted.1-4 
However, restenosis can sometimes occur after such 
a reconstructive procedure.

Previously, Nakamura et al5 developed an artifi-
cial trachea made from collagen sponge that could 
be used as a scaffold with a polypropylene ring and 
Marlex polypropylene mesh as a frame. We have 
published successful results of clinical applications 
of an artificial trachea for airway reconstruction.6 
However, delayed mucosal regeneration remains a 
problem in such patients after surgery. Tracheal epi-
thelium provides a physical barrier to the external 

environment. Thus, the epithelial tracheal surface 
must be regenerated as quickly as possible for a bet-
ter clinical outcome. In 2004, a procedure for pro-
ducing collagen vitrigel membrane was described 
by Takezawa et al.7 Collagen vitrigel membrane was 
developed as a novel technology whereby a fragile 
disk of conventional type I collagen gel was convert-
ed into a strong and transparent membrane by utiliz-
ing the concept of the vitrification of heat-denatured 
proteins. Tada et al8 demonstrated the conjugation 
of collagen vitrigel membrane to an artificial trachea 
composed of a collagen sponge scaffold, and sub-
sequently showed that such a bipotential collagen 
scaffold promoted mucosal regeneration in compar-
ison to the artificial trachea alone when it was im-
planted into a rat tracheal defect.

We named the bipotential collagen scaffold “col-
lagen vitrigel–sponge scaffold.” The use of colla-
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gen vitrigel membrane drew our attention because 
it possesses not only excellent strength and surface 
smoothness, but also the potential to receive regula-
tory factors during its fabrication process. We inves-
tigated the effect of collagen vitrigel–sponge scaf-
fold containing basic fibroblast growth factor (b-
FGF), a novel artificial trachea with potential use as 
a drug delivery system, in regenerating a defective 
tracheal luminal surface.

MATERIALS AND METHODS

Preparation of Scaffold. A novel artificial trachea 
with a drug delivery system potential for releasing 
b-FGF was fabricated by the following procedures. 
First, a traditional type of artificial trachea com-
posed of Marlex mesh made of polypropylene and 
covered by collagen sponge was prepared as previ-
ously reported by Nakamura et al.5 Porcine dermal 
atelocollagen (Nippon Meatpackers Inc, Ibaraki, Ja-
pan) that consists of type I and type III collagens 
was dissolved briefly in hydrochloric acid solution 
adjusted to pH 3.0 to yield a concentration of 1.0% 
(wt/vol). The prepared artificial trachea was then co-
rona-discharged at 9 kV to activate the polymer sur-

face in order to immobilize the collagen molecules 
and heated at 140°C in a vacuum in order to induce 
cross-linking between the collagen molecules.

A collagen sponge with a thickness of about 6 mm 
was cut into a rectangular shape (10 × 25 mm), and the 
rectangular surface was subjected to the conjugation 
of collagen vitrigel membrane with b-FGF as fol-
lows. Two milliliters of a collagen solution prepared 
by uniformly mixing an equal volume of 0.5% acid- 
soluble type I collagen solution (Cellgen I-AC, Ko-
ken, Tokyo, Japan) and a culture medium (Dulbec-
co’s modified Eagle’s medium [Gibco, Invitrogen, 
Grand Island, New York] containing 10% heat-inac-
tivated fetal bovine serum [Sigma-Aldrich, St Lou-
is, Missouri], 20 mmol/L N-2-hydroxyethylpipera-
dine-N'-2-ethanesulfonic acid, 100 U/mL penicillin, 
and 100 μg/mL streptomycin) containing 0, 38.4, or 
384 ng/mL of recombinant rat b-FGF (catalog No. 
3339-FB-025, R&D Systems, Minneapolis, Minne-
sota) was poured into a culture dish with an area of 
9.6 cm2 (catalog No. 353001, BD Falcon, Franklin 
Lakes, New Jersey). Collagen sponges with rect-
angular surfaces of 2.5 cm2 were immediately im-

Fig 1. Procedure of investigation. Tracheal defect was covered with collagen vitrigel–sponge scaffold. Three types of scaffolds 
were prepared. Luminal surface of trachea was then examined at 3, 5, 7, and 14 days after implantation. b-FGF — basic fibro-
blast growth factor.



mersed into each collagen solution in the culture 
dish to adsorb 0.521 mL of the solution containing 
no b-FGF, 10 ng of b-FGF, or 100 ng of b-FGF. The 
total amount of b-FGF remained in the sponge.

The dish was then covered with a lid and trans-
ferred into an incubator at 37°C in a humidified at-
mosphere of 5% carbon dioxide in air for 2 hours to 
induce gelation of the collagen solution. The lid was 
then removed, and the culture dish was dried under 
clean air for 48 hours at 10°C and 40% humidity to 
completely remove free water from the collagen gel 
and to induce brief vitrification. The dish was then 
rehydrated with 2 mL of phosphate-buffered saline 
solution (PBS) to obtain collagen sponge–conjugat-
ed collagen vitrigel and washed 3 times with PBS for 
10 minutes to remove free molecules from the colla-
gen sponge–conjugated vitrigel. The excess vitrigel 

around the sponge was removed with a scalpel. The 
collagen sponge–conjugated vitrigel was placed in 
another clean dish and dried under clean air for 48 
hours at 10°C and 40% humidity to completely re-
move free water from the collagen gel and to induce 
brief vitrification. The dish was then covered with a 
lid and kept for 2 weeks at 4°C to induce appropri-
ate vitrification. The collagen vitrigel–sponge scaf-
fold initially containing 0, 10, or 100 ng of b-FGF 
was prepared by pouring PBS into the culture dish 
immediately before use. All of the procedures were 
performed aseptically. The scaffolds with no b-FGF 
application, which was the control model, were clas-
sified as group A. The scaffolds with 10 and 100 ng 
of b-FGF application were classified as groups B 
and C, respectively.

Animals. This study was carried out under the 
control of the Animal Care and Use Committee in 
accordance with the Guidelines for Animal Experi-
ments of Fukushima Medical University, the Japa-
nese Government Law Concerning the Protection 
and Control of Animals, and the Japanese Govern-
ment Notification on Feeding and Safekeeping of 
Animals. Forty-six Sprague-Dawley rats (wild-type, 
9-week-old males; body weight, 300 g) were used as 
recipients. 
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NUMBERS OF RATS IN EACH GROUP

 Time of Examination

 Day Day Day Day
Group 3 5 7 14 Total

Group A: no b-FGF 3 2 5 5 15
Group B: 10 ng of b-FGF 3 4 5 9 21
Group C: 100 ng of b-FGF 2 3 3 2 10

b-FGF — basic fibroblast growth factor.
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Fig 2. Histologic findings on luminal surface of scaffolds at 3 
days after implantation (H & E; original ×400). Bars — 100 
μm. A) Group A (no b-FGF). B) Group B (10 ng of b-FGF). C) 
Group C (100 ng of b-FGF). Mucosal epithelium was not seen 
in any scaffolds. Inflammatory cells such as neutrophils had in-
filtrated into scaffold in groups A, B, and C.



Implantation Into Tracheal Defects in Rats. Tra-
cheotomy and implantation of the three types of col-
lagen vitrigel–sponge scaffolds were performed un-
der general anesthesia (Fig 1). The anesthesia was 
performed by intra-abdominal injection of mixed 
agents (medetomidine hydrochloride, midazolam 
maleate, and butorphanol tartrate). The doses of the 
agents were 14 μg, 190 μg, and 238 μg per 100 g of 
rat body weight, respectively.

The cervical trachea was exposed through a ver-
tical skin incision, and the strap muscles were split 
along the median line. The tracheal cartilage was cut 
in front of the second or third ring. Tracheal defects, 
2.0 mm wide and 4.0 mm long, were prepared. The 
collagen vitrigel–sponge scaffold was laid onto the 
tracheal defect with the vitrigel layer facing the lu-
men. The scaffold was then fixed in a position cov-
ering the strap muscles.

Histologic Examination. At 3, 5, 7, and 14 days 
after the implantation, the rats were painlessly sac-
rificed by intravenous injection of 8 mg pentobar-
bital sodium per 100 g of rat body weight. The tra-
cheas were removed en bloc with the scaffold, the 
strap muscle, and the esophagus. The samples were 
fixed in 10% formalin solution (Wako, Osaka, Ja-
pan) with 10% formic acid and embedded in paraf-

fin. The paraffin blocks were horizontally sliced (5 
μm) and stained with hematoxylin and eosin. The 
specimen was chosen from the center of the trache-
al defect and evaluated by two of the investigators. 
The animal group and survival time were known by 
the two investigators doing the evaluations. A mag-
nified specimen was observed.

The regeneration of the mucosal epithelium and 
the subepithelial layer was evaluated. The regenera-
tion of the mucosal epithelium was observed accord-
ing to its different stages: simple epithelium, strati-
fied columnar epithelium, and ciliated cells. In par-
ticular, the ciliated epithelial cells were evaluated. 
The quantitative analysis of regeneration was carried 
out on a 400-μm-long segment at a magnification of 
1,000×. The numbers of ciliated cells and epi thelial 
cells were counted for all of the models, and then the 
average percentage of the epithelial cells that were 
ciliated was calculated for each model.

The subepithelial layer was considered to be pres-
ent on the basis of the presence of inflammatory 
cells and angiogenesis. Angiogenesis was evaluated 
by counting the number of blood vessels in a 400 
× 300-μm area, and the average number of blood 
vessels was determined for the specimens of each 
model.
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Fig 3. Histologic findings on luminal surface of scaffolds at 5 
days after implantation (H & E; original ×400). Bars — 100 μm. 
Regeneration of mucosal epithelium was not seen in scaffolds 
with no b-FGF application (A), whereas epithelium was seen in 
scaffolds with b-FGF application (B and C). In addition, strati-
fied epithelium was observed in scaffolds with 100 ng of b-FGF 
application (C).



RESULTS

In this study, the collagen vitrigel–sponge scaf-
folds were implanted in 46 rats. Scaffolds with no 
b-FGF (group A), 10 ng of b-FGF (group B), and 
100 ng of b-FGF (group C) were implanted in 15, 
21, and 10 rats, respectively (see Table).

On day 3 after the implantation, mucosal epithe-
lium was not observed in any of the scaffolds. In-
flammatory cells such as neutrophils were found to 
infiltrate the scaffolds in all cases (Fig 2).

On day 5 after the implantation, the regeneration 
of mucosal epithelium was not seen in the scaffolds 
with no b-FGF (group A), whereas it was seen in the 
scaffolds with b-FGF (groups B and C). In addition, 
stratified epithelium was observed in the scaffolds 
with 100 ng of b-FGF (group C). Inflammatory cells 
such as neutrophils were found to infiltrate the scaf-
folds in all cases (Fig 3).

On day 7 after the implantation, simple epithelium 
was seen in the scaffolds with no b-FGF (group A) 
and in those with 10 ng of b-FGF (group B). Inflam-
matory cells infiltrated the scaffolds with no b-FGF 
(group A) and those with 10 ng of b-FGF (group B). 
In the scaffolds with 100 ng b-FGF (group C), the 
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subepithelial layer was infiltrated with fibroblasts. A 
few ciliated cells were also observed in the scaffolds 
with b-FGF application (groups B and C; Fig 4).

On day 14 after the implantation, pseudostrati-
fied epithelium and ciliated cells were seen in all of 
the scaffolds. In the scaffolds with no b-FGF (group 
A), the subepithelial layer was infiltrated with fibro-
blasts. In the scaffolds with b-FGF (groups B and 
C), fibroblasts had infiltrated the subepithelial layer 
and angiogenesis was observed (Fig 5).

More progress was made in the regeneration of 
mucosal epithelium in the scaffolds with b-FGF 
(groups B and C) than in those with no b-FGF 
(group A) at 5 and 7 days after the implantation. 
Ciliated cells were observed at 7 days in the scaf-
folds with b-FGF (groups B and C). Figure 6 shows 
the percentage of ciliated cells among the epithelial 
cells. The numbers of the ciliated cells and epithe-
lial cells were counted in the evaluated area of each 
specimen in each of the groups. At 7 days, the per-
centages were 0%, 16%, and 32% for groups A, B, 
and C, respectively. At 14 days, the corresponding 
values were 10%, 27%, and 26%.

Angiogenesis was also observed in the scaffolds 
with b-FGF (groups B and C) at 14 days. Figure 6 
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Fig 4. Histologic findings on luminal surface of scaffolds at 7 
days after implantation (H & E; original ×400). Bars — 100 μm. 
Simple epithelium was seen in scaffolds with no b-FGF (A) and 
with 10 ng of b-FGF (B). In scaffold with 100 ng of b-FGF (C), 
subepithelial layer was infiltrated with fibroblasts.
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shows the average numbers of blood vessels in the 
evaluated area. At 7 days, the average numbers of 
blood vessels were 0, 0, and 1 for groups A, B, and 
C, respectively. At 14 days, the corresponding val-
ues were 3, 6, and 11.

DISCUSSION

Surgical management of tracheal reconstruction 
is one of the most difficult problems associated with 
extensive tracheal resection in patients with malig-
nant disease, trauma, or idiopathic tracheal stenosis. 
The trachea performs functions such as breathing 
and phonation; therefore, tracheal defects can im-
pair these functions. We have published success-
ful results of the clinical application of an artificial 
trachea.6 To date, we have treated 10 patients who 
needed partial resection of the trachea with an artifi-
cial trachea that was constructed as a scaffold. These 
patients showed good progress and no restenosis af-
ter the operation. However, delayed mucosal regen-
eration remains a problem with this implantation. 
Three factors — scaffold, cells, and regulatory fac-
tors — are important in tissue engineering regenera-
tive technology. In our department, Nomoto et al9 
and Suzuki et al10 reported improvement in recon-

struction related to cells with the artificial trachea. 
Tada et al8 developed a bipotential collagen scaffold 
by conjugating a collagen vitrigel membrane to the 
collagen sponge of artificial trachea in order to pro-
mote both epithelial cell growth and mesenchymal 
cell infiltration. It has been confirmed that epithe-
lial regeneration is accelerated in the bipotential col-
lagen scaffold compared with that in the collagen 
sponge. We named this bipotential collagen scaffold 
the collagen vitrigel–sponge scaffold. The vitrigel 
membrane has characteristics of strength and surface 
smoothness, and regulatory factors can be applied 
during its fabrication. In this study, the effectiveness 
of a collagen vitrigel–sponge scaffold containing b-
FGF was investigated. We selected b-FGF because 
it is already commercially available (Trafermin, 
Kaken Pharmaceutical Co, Tokyo) as a treatment for 
bedsores or severe skin burns.11,12 Moreover, b-FGF 
is reported to increase the expression of inflammato-
ry cells, osteoblasts, vascular endothelial cells, and 
fibroblasts, thereby promoting wound healing and 
eventually angiogenesis.13 Previous studies showed 
the effectiveness of b-FGF in laryngeal and tracheal 
reconstruction. Parker et al14 reported good tracheal 
reconstruction using hyaluronic acid sponge soaked 
with 10 ng/mL of b-FGF. In the present study, the 
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Fig 5. Histologic findings on luminal surface of scaffolds at 14 
days after implantation (H & E; original ×400). Bars — 100 μm. 
Pseudostratified epithelium and ciliated cells were seen in all 
scaffolds. Unlike in scaffolds with no b-FGF (A), in scaffolds 
with b-FGF (B and C), fibroblasts had infiltrated subepithelial 
layer, and angiogenesis was observed (arrowheads).
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Fig 6. A) Percentage of ciliated cells among epi-
thelial cells in evaluated area. B) Angiogenesis, ie, 
number of blood vessels in evaluated area.

amounts of b-FGF were determined as 10 ng and 
100 ng on the basis of these reports.

Our results at 7 days showed infiltration of in-
flammatory cells in the scaffold with 10 ng of b-
FGF (group B), and fibroblasts in the scaffold with 
100 ng of b-FGF (group C). These results suggest 
that b-FGF application promoted formation of a 
thick subepithelial layer 7 days after the implanta-
tion. The thick and tightly packed subepithelial lay-
er offers resistance to external environmental insults 
such as coughing.15 Therefore, the early regenera-
tion of the subepithelial layer may be advantageous 
for tracheal reconstruction.

Kobayashi et al16 demonstrated that the effects 
of fibroblasts on epithelial cell migration, prolifera-
tion, and differentiation can collectively reduce the 
time required for covering the defective luminal sur-
face with epithelial cells. Therefore, infiltration of 
fibroblasts may be indirectly useful for epithelial re-
generation. Our results showed that in the scaffolds 
with b-FGF, regeneration of epithelium was evident 
at 5 days after the implantation. Fibroblasts were 
not seen in the subepithelial layer at this point in 
time. Exogenous b-FGF has been reported to hasten 
wound healing by stimulating endogenous regula-
tory factors.13 At 5 days, b-FGF might have an ef-
fect on promoting epithelium through endogenous 
regulation factors, because few infiltrating fibro-
blasts were seen at this time. After 7 days, infiltrat-
ing fibroblasts should promote epithelial regenera-
tion. The early regeneration of epithelium is effec-
tive against external environmental insults such as 
chemical inhalation and sputum.

Regulatory factors such as b-FGF have problems 
associated with their half-life, ie, 2.5 days. In at-
tempts to lengthen the effectiveness of b-FGF, use 
of several materials has been reported.17,18 A vitri-
gel membrane was reported to mediate sustained 
release of regulatory factors.19 In our study, differ-
ences in epithelial regeneration were found between 

groups with no b-FGF (group A) and with b-FGF 
application (groups B and C) at 5 days, 7 days, and 
14 days. Epithelial cells had regenerated at 5 days, 
and the subepithelial layer had regenerated at 7 days 
after implantation of the scaffold with 100 ng of b-
FGF. Ciliated cells were observed at 7 days in the 
scaffolds with b-FGF application (groups B and C). 
At 14 days, the percentage of ciliated cells was in-
creased. However, the percentage was limited to the 
uppermost 30%, whereas in normal tracheal epithe-
lium, ciliated cells account for 50% to 80%. A mod-
el for longer observation is required for further eval-
uation of an increase of ciliated cells. At 14 days, 
angiogenesis was observed in the scaffolds with b-
FGF application (groups B and C). These data sug-
gest that the effects of b-FGF continued at least for 
14 days. This study highlights the usefulness of the 
collagen vitrigel–sponge scaffold containing b-FGF. 
It has been reported that a single application of b-
FGF caused a marked acceleration of wound healing 
in a dose-dependent manner.20 The optimal concen-
tration of b-FGF for tracheal epithelial regeneration 
should be examined in further research.

Tracheal stenosis that requires reconstruction is 
usually a circumferential lesion. This study was car-
ried out in animals without disease by reconstruct-
ing a cleanly created partial anterior wall. This limi-
tation should be recognized and resolved in further 
studies.

CONCLUSIONS

The collagen vitrigel–sponge scaffold containing 
b-FGF was useful for the regeneration of both the 
mucosal epithelium and the subepithelial layer. The 
effects of b-FGF application appeared to continue 
for at least 14 days after the implantation. Our tech-
nique for tracheal reconstruction using the collagen 
vitrigel–sponge scaffold containing b-FGF affords a 
feasible approach for accelerating epithelial regen-
eration on the intraluminal surface and the subepi-
thelial layer of regenerated tracheal tissue.
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Cricopharyngeal Quiescence and Upper Esophageal
Sphincter Relaxation During Swallow:

An Electromyographic-Manometric Study

Timothy M. McCulloch, MD; Michael J. Hammer, PhD; Corinne A. Jones, MD;
Jason D. Mielens; Matthew R. Hoffman, BS

Background: Adequate upper esophageal sphincter (UES) relaxation is important for effective passage of a food bolus 
from the pharynx into the esophagus. However, the temporal relationship between neuromuscular quiescence of the cri-
copharyngeus (CP) muscle and relaxation of the UES is not fully understood. Therefore, the purpose of this study was to 
examine swallow-related UES function using simultaneous high-resolution manometry and intramuscular electromyog-
raphy (EMG). 

Methods: We used simultaneous high-resolution (36-channel) manometry and fine-wire intramuscular EMG to examine 
a group (N = 5) of healthy participants. We tested participants ingesting 1cc, 5cc, 10cc, and 20cc water boluses.

Results: We found that CP activity and UES pressure were significantly decreased during the swallow compared with 
the intervals prior to and following the swallow (p < 0.05). In addition, the duration of CP quiescence remained relatively 
stable across bolus volumes (r = 0.18; p = 0.51), whereas the duration of UES pressure relaxation generally increased in 
a volume-dependent manner (r = 0.64; p < 0.05). 

Conclusion: Our preliminary data suggest that CP activity is less linked to bolus volume than to UES pressure. UES pres-
sure changes may be related to intrinsic neuromuscular activity of the CP muscle and to other extrinsic dynamics, including 
activity of the supralaryngeal musculature, to actively elevate the laryngohyoid complex and increase the cross-sectional 
area of the UES. UES pressure may also respond to changes in cross-sectional area of the upper aerodigestive tract in the 
presence of different bolus volumes. Our results provide evidence that UES pressure may be a centrally patterned event, 
influenced by intrinsic and extrinsic dynamics of the aerodigestive tract.

Video-Assisted Swallowing Therapy (VAST) for
Patients With Parkinson’s Disease

Jacob T. Cohen, MD; Y. Manor, PhD

Background: Swallowing disturbances (SD) in Parkinson’s disease (PD) are usually treated by traditional swallowing 
therapy (TST). A video-assisted swallowing therapy (VAST) might improve swallowing therapy effectiveness.

Objective: To assess the effect of VAST compared to TST on swallowing functions of PD patients with dysphagia. 

Method: 42 PD patients were divided randomly into TST and VAST groups. All patients filled out an SD questionnaire 
(SDQ) and underwent swallowing assessments: bedside evaluation (BSE) and fiberoptic endoscopic evaluation of swal-
lowing (FEES). During the first FEES, two episodes were recorded: the patient’s pathological swallowing process and the 
appropriate compensatory strategy. The visual information from the video was used during all VAST sessions. SDQ and 
BSE were performed at pre, post, and 4 weeks follow-up, and FEES was performed pre and post therapy. Evaluators were 
blinded to the patient’s therapy approach, as well as the patients, who were not aware of the two therapy approaches.

Results: The mean age was 67.68 years, and the disease duration was 7.43 years. A significant improvement was observed 
in swallowing functions in both groups from pre to post therapy in three variables: FEES, BSE, and SDQ. FEES demon-
strated a significantly greater reduction in pharynx food residues in the VAST group than in the TST group. A significant 
difference was observed in SDQ in the VAST group between the pre-treatment and follow-up measurements and between 
the post-treatment and follow-up measurements. 

Conclusion: VAST was found to be a more effective therapy program than TST for treating PDP with SD.
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Methicillin-Resistant Staphylococcus aureus Laryngitis:
A Report of Two Cases With Different Clinical Presentations

Marcelo B. Antunes, MD; Evan R. Ransom, MD; Kevin Leahy, MD, PhD

Methicillin-resistant Staphylococcus aureus (MRSA) was initially described in the 1980s. Since then, it has been in-
creasingly recovered from various infected sites, as well as nasal mucosa of asymptomatic individuals. In the head and 
neck, MRSA has been described in epiglottitis, tonsillitis, and deep-space neck infection. Recently, otolaryngologists 
have recognized MRSA infection in the glottis. We describe two cases of severe laryngitis caused by MRSA: one pre-
senting with acute airway obstruction and another with recalcitrant hoarseness. In the first case, a 54-year-old woman 
presented to the ENT office with a history of hoarseness with rapid progression to respiratory distress and stridor. On 
exam she had exuberant granulation tissue on the glottis with a narrowed airway. In the second case, a 44-year-old 
HIV-positive woman presented with near-aphonia despite maximal medical therapy. Examination showed diffuse 
erythema and edema of the endolarynx with yellowish plaques lining the glottis and supraglottis, and no respiratory 
distress or stridor. She had failed multiple courses of antibiotics, proton pump inhibitors, and steroids. The diagnosis 
in both patients was made though biopsies taken during direct laryngoscopy. The first patient received a combination 
of sulfamethoxazole-trimethoprim and rifampin for 8 weeks, and with close monitoring, avoided a surgical airway. 
The second patient received sulfamethoxazole-trimethoprim alone for 6 weeks. Follow-up fiberoptic examination and 
stroboscopy in both cases showed complete resolution of disease. MRSA treatment is a growing part of otolaryngologic 
practice and a significant addition to the differential diagnosis of hoarseness and stridor. 

Sensitivity and Specificity of Scintigraphy Compared to
Flexible Endoscopic Evaluation of Swallowing

Jordan L. Wallin, MD; Catherine J. Rees, MD; Paige Clark, MD;
Akiva Mintz, MD; Haiying Chen, PhD; Susan G. Butler, PhD, MS

Purpose of Study: Many professionals have suggested that scintigraphy may be the most accurate means to quantify 
prandial aspiration; however, this premise has never undergone systematic investigation. Flexible endoscopic evaluation 
of swallowing (FEES) has been repeatedly subjected to investigation and consistently shown to be superior to fluoroscopy 
in identifying aspiration. Accordingly, the goal of this study was to compare the sensitivity and specificity of scintigraphy 
to FEES during concurrent testing in adults who prandially aspirate. 

Design and Method of Study and Analysis: Prospective pilot study of ten previously identified aspirators who underwent 
simultaneous scintigraphy and FEES. Technetium-99–labeled thin liquid milk and water boluses were administered. As-
sessment of presence or absence of aspiration was determined via FEES and scintigraphy (level of oropharynx, larynx, 
and upper trachea) immediately following the swallow. Additionally, 30-minute delayed chest images were acquired to 
scintigraphically evaluate presence of aspiration in the lungs.

Summary of Results: Considering FEES the gold standard, the sensitivity and specificity for scintigraphy in detecting the 
presence or absence of aspiration were 0.41 and 0.65, respectively. None of the delayed scintigraphic chest films revealed 
aspiration into the lungs despite numerous episodes of aspiration visualized in the trachea as determined via FEES. 

Conclusion: Scintigraphy has low sensitivity and specificity in identifying prandial aspiration compared to FEES. This first 
study evaluating sensitivity and specificity of scintigraphy versus FEES should be repeated in a larger cohort, but the pre-
liminary data call into question the utility of scintigraphy as a means to detect, much less quantify, prandial aspiration.
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Novel Treatment of Idiopathic Subglottic Stenosis With Use of
Immunosuppressive Medication (Mycophenolate Mofetil)

Scott Rickert, MD; Lesley Childs, MD; Oscar Calderon Wengerman, MD;
Marshall Strome, MD

Purpose: Idiopathic subglottic stenosis (ISS) is a rare disease characterized by inflammatory stenosis involving the sub-
glottic larynx and upper trachea. It predominantly affects women with no identifiable cause for airway stenosis. ISS is a 
diagnosis of exclusion and extremely difficult to treat, requiring multiple surgical interventions. Here an intractable case 
of ISS is presented with a successful and novel treatment of initial surgical intervention followed by immunosuppressive 
therapy (mycophenolate mofetil) for maintenance. Mycophenolate mofetil (CellCept) is a frequently used immunosup-
pressive medication in transplant surgery and has also been used to treat immune-mediated inflammatory vasculitis 
conditions. 

Study Design: Single case study.

Results: One patient with well-documented ISS presented after more 50 surgical interventions failed to relieve the steno-
sis long-term. Stenosis was noted to extend from the vocal folds to the third tracheal ring. An initial surgical intervention 
was performed to relieve the stenosis. Afterward, the patient was placed on steroids and immunosuppressive medication 
(mycophenolate mofetil). Blood work was performed weekly, and the patient was examined monthly after the interven-
tion. Follow-up of 4 months has shown an excellent airway with no progression of disease and no inflammation of the 
healed surface of the airway. There have been no complications noted during the follow-up period. 

Conclusions: We present a case of ISS treated in a novel way with initial surgical intervention followed by immunosup-
pressive maintenance. Close follow-up is paramount. Mycophenolate mofetil’s anti-inflammatory and immunosuppres-
sive properties may provide a new treatment option for this difficult disease.

Management of an Aspirated Posterior Graft
After Laryngotracheoplasty

David R. White, MD

A 20-month-old child underwent a single-stage laryngotracheoplasty with anterior and posterior costochondral cartilage 
grafts for grade 3 subglottic stenosis. After an uncomplicated procedure, the patient was nasotracheally intubated with a 
4.0 uncuffed endotracheal tube and transported to the pediatric intensive care unit. Several hours later, the patient self-
extubated and was emergently reintubated by the pediatric intensivist. After reintubation, decreased ventilatory compli-
ance and volumes were noted. Flexible bronchoscopy revealed an extruded posterior cartilage graft positioned in the right 
mainstem bronchus. The patient was returned to the operating room, where the extruded graft was removed with optical 
foreign body forceps and placed into saline solution. The decision was made to replace the posterior graft endoscopically. 
Because a paralytic had been administered during the earlier emergent reintubation, the endoscopic placement needed 
to be performed while maintaining mechanized ventilatory support. A 3.0 cuffed endotracheal tube was placed with the 
cuff in the distal trachea. A laryngoscope was suspended posterior to the endotracheal tube. Vocal cord spreaders were 
used to expose the posterior commissure and posterior subglottis. Alligator forceps were used to place the graft upon the 
previously performed posterior cricoid split. Using a rigid suction and a 0° Hopkins rod, the graft was manipulated into 
proper position in the posterior cricoid split. The patient was then nasotracheally intubated with a 4.0 uncuffed endotra-
cheal tube, taking care not to displace the graft. Postoperative bronchoscopies revealed a widely patent subglottis with a 
healthy-appearing anterior and posterior graft.
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Diagnostic Sleep Endoscopy Improves Outcomes in
Children With Obstructive Sleep Apnea

Victoria G. Woo, BA; Mai Thy Truong, MD; Peter J. Koltai, MD

Purpose: Adenotonsillectomy (T&A) is the standard treatment for obstructive sleep apnea (OSA) in children. However, 
10% to 15% of children have persistent OSA after T&A. Sleep endoscopy, a flexible fiberoptic examination of the phar-
ynx, can be used to direct further treatment. We hypothesize that sleep endoscopy is the best tool for identifying the site 
of persistent obstruction.

Methods: In this retrospective cohort study, we reviewed records of children who had symptoms consistent with OSA 
and a positive polysomnogram (PSG) who underwent sleep endoscopy followed by sleep endoscopy–directed surgery. 
The analysis included age, BMI, and comorbidities. The apnea hypopnea index (AHI) was compared pre and post surgery 
for each child using a paired t-test.

Results: Of the 82 children who underwent sleep endoscopy followed by directed surgery, 34% were female and 66% 
were male, the mean age was 6 years (SD, 45 months), the average BMI was 19 (SD, 5.1), and 27% had comorbidities. 
For the 51% patients who had failed T&A, the mean AHI after sleep endoscopy–directed surgery was significantly lower 
than before surgery (8.1 versus 15.5; p < 0.01). The mean AHI after sleep endoscopy–directed surgery for the 49% patients 
who were surgically naive was significantly lower than that before surgery (8.0 versus 13.8; p < 0.01).

Conclusions: Sleep endoscopy is a consistently reliable tool for identifying the remaining site of obstruction in children 
with persistent OSA after T&A and in surgically naive children with OSA but small tonsils and adenoids. This technique 
demonstrably guides successful therapy and offers a good solution for treatment of complex OSA.

Combining a New CO2 Laser Wave Guide With Transoral
Robotic Surgery: A Feasibility Study on Four Patients

With Malignant Tumors

Marc Remacle, MD, PhD; Nayla Matar, MD; Georges Lawson, MD;
Vincent Bachy, MD; Monique Delos, MD; Marie-Cecile Nolleveaux, MD

Purpose of the Study: We present the first series of patients treated by transoral robotic surgery (TORS) using a new 
CO2 laser wave guide (CO2 LWG) (Lumenis, Santa Clara, California).

Method of Study and Analysis: Patients older than 18 years with malignant pharyngolaryngeal tumors were enrolled 
in this prospective study after signing an informed consent. Patients with tumors not accessible to TORS were excluded. 
The ethical committee’s approval was obtained to perform this study.

Summary of Results: Between August 2010 and September 2010, 4 patients were enrolled in the study. The mean age 
was 56 years (range, 51 to 62 years). One patient had a T1 base of tongue tumor, 2 patients had supraglottic tumors (T1, 
T2), and 1 patient had a T1 palatine tonsil tumor. All the procedures could be performed using a Maryland forceps, a 0 
ÌŠ endoscope, and a CO2 laser fiber introduced via the robotic arm introducer. The laser parameters were: super pulse or 
continuous mode, 7-15 W, continuous delivery. The average set-up time was 30 minutes (range, 10 to 60 minutes). The 
average surgical time was 94 minutes (range, 60 to 125 minutes). All the patients had frozen-section analysis of the surgi-
cal margins to ensure complete tumor removal. No complications were noted due to the intraoperative use of the robot 
or the CO2 LWG. One laser fiber was used for each of the surgeries. The mean coagulation depth was 200 μm (range, 
100 to 300).

Conclusion: The CO2 LWG is a reliable tool for TORS. It allowed more than 1 hour of work without any trouble.
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Tracheal Regeneration Using Bioengineered
Trachea With Autologous Chondrocytes

Mika Nomoto, MD; Yukio Nomoto, MD; Koichi Omori, MD

Purpose of the Study: Our group applied a tracheal prosthesis in human adult cases with successful results. However, 
infantile cases are an off-label indication of this treatment, because the polypropylene frame is un-absorbable without 
expansion, when infants are growing up. In this study, bioengineered trachea with autologous chondrocytes was developed, 
and its effects on tracheal regeneration were evaluated by implantation into the tracheal defects of rabbits. 

Design and Method of Study and Analysis: A tracheal prosthesis used in this study was composed of polypropylene as 
the frame, and collagen sponge as the scaffold, of a suitable size for rabbit trachea. Chondrocytes were harvested from the 
costal cartilages of rabbits under general anesthesia. Chondrocytes isolated from the cartilage were seeded onto a tracheal 
prosthesis. Bioengineered tracheas were implanted into tracheal defects of rabbits. As a control, a tracheal prosthesis 
without chondrocytes was implanted into tracheal defects of rabbits.

Summary of Results: In the control group, proliferation of chondrocytes at the end of the tracheal cartilage was observed 
at 8 weeks after the implantation. However, effective regeneration of cartilage was not observed in the tracheal prosthesis. 
In the bioengineered group, the presence of cartilage-like tissue was revealed in the implanted bioengineered trachea by 
hematoxylin-and-eosin staining and Alcian blue staining at 2 weeks after implantation. 

Conclusions: This study demonstrated the feasibility of tracheal regeneration using bioengineered trachea with autologous 
chondrocytes. With further study, the bioengineered trachea without an un-absorbable polypropylene structure may be 
useful for cases of infants with tracheal stenosis.

Inflammatory Cytokine and Protein Expression in a Murine
Model of Airway Granulation and Subglottic Stenosis

Nora Malaisrie, MD; Ankona Ghosh, BS; Noam Cohen, MD, PhD;
Kevin Leahy, MD, PhD; Natasha Mirza, MD

Purpose: Using a functional model of airway granulation tissue and subglottic stenosis, mouse laryngotracheal complexes 
underwent airway injury and transplantation into syngeneic recipient mice, and the expression of inflammatory cytokines and 
proteins was measured using real time polymerase chain reaction (RT-PCR) at specific time points post-transplantation. 

Study Design: IACUC (Institutional Animal Care and Use Committee) approved animal study.

Methods: The laryngotracheal complexes (LTCs) of donor mice underwent direct airway injury through mucosal scraping 
using a wire brush or through application of hydrochloric acid solution to the mucosa. A control group did not undergo any 
airway injury. LTCs were harvested and transplanted heterotopically into the subcutaneous tissue of syngeneic recipient 
mice and harvested at 1, 2, and 3 weeks post-transplantation. The mRNA expression levels of TGF-beta 1, IL-1 beta, Smad 
2 Smad 3, matrix metalloproteinase-2 (MMP-2), matrix metalloproteinase-9 (MMP-9), and smooth muscle actin (SMA) 
were quantified using RT-PCR at each time point in both experimental groups and compared to control.

Results: At 1, 2, and 3 weeks post-transplantation, there were measurable differences in mRNA expression of TGF-beta 
1, IL-1 beta, Smad 2 Smad 3, MMP-2, MMP-9, and SMA in both the mechanically and chemically injured groups com-
pared to control. 

Conclusions: The changing expression of inflammatory cytokines and proteins at different time points implicates their 
role in the process of airway injury in this murine model of airway granulation and subglottic stenosis and provides insight 
into possible targets for the prevention and treatment of this disease process.
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Laryngotracheal Stenosis in Burn Patients 
Requiring Ventilatory Support

Yekaterina Koshkareva, MD; William Hughes, MD; Ahmed Soliman, MD

Objective: To identify the incidence of laryngotracheal stenosis (LTS) in burn patients requiring ventilatory support at 
an urban burn center. 

Methods: A retrospective review of burn patients requiring endotracheal intubation or tracheostomy between 2003 and 
2009 was performed. A group of 72 trauma patients requiring mechanical ventilation during the same time was used as 
the control. Demographics, past medical/surgical history, mechanism/extent of injury, method/duration of airway man-
agement, and clinical outcomes were recorded.

Results: Of 114 burn patients requiring mechanical ventilation, 47 expired and were excluded. The mean age of the 70 
surviving burn patients was 49 years, compared to 38 years for trauma patients. 20% of burn victims suffered inhalation 
injury only. The average BSA was 15%; 43% of burns involved the face. The mean duration of intubation was 9 days 
(range, 1 to 19) for the burn group and 6 days (range, 1 to 23) for the trauma group. 70% of burn patients required tra-
cheostomy, of whom 57% were decannulated, with an average decannulation period of 31 days (range, 10 to 64). 30% 
of trauma patients required tracheostomy, of whom 77% were decannulated, with an average decannulation period of 31 
days (range, 16 to 56). None of the trauma patients and 2 of the burn patients developed LTS. Both presented with stridor 
within 3 to 6 weeks of injury. Both had stenosis of the distal trachea. One patient underwent successful CO2 laser inci-
sion/dilation and continues to do well. The other failed the same procedure and required a Montgomery T-tube. She later 
underwent 2 additional procedures, but remains T-tube–dependent. 

Conclusions: The incidence of LTS in burn patients requiring ventilatory support is 2% to 3%. Patients become symp-
tomatic within weeks. Treatment is challenging, and multiple procedures are often required.

Overexpression of Epidermal Growth Factor Receptor Associated 
With Clinically Aggressive Recurrent Respiratory Papillomatosis

Paul M. Weinberger, MD; Tarik Farrag, MD; Phillip K. Robb, Jr, BA;
Jeffrey R. Lee, MD; Teresa Coleman, MD; Gregory N. Postma, MD

Purpose: Some patients with recurrent respiratory papillomatosis (RRP) require frequent surgical intervention, while oth-
ers experience a benign disease course. There is currently no method to predict disease aggressiveness. Previous studies 
have demonstrated epidermal growth factor receptor (EGFR) in RRP tissue, but have not compared clinical outcome to 
EGFR expression. We hypothesized that EGFR overexpression is associated with aggressive clinical disease. 

Methods: Clinically aggressive RRP was defined as: undergoing more than 4 procedures in 12 months, distal spread 
of disease, or transformation to squamous cell carcinoma. Standard immunohistochemistry was performed for EGFR 
expression from paraffin-embedded surgical specimens. EGFR expression was determined as intensity and percentage 
for basal, mid-portion, and full-thickness epithelium. Comparisons were made by the Mantel-Hanszel chi square test and 
the Wilcoxon rank sums test.

Results: Thirty patients with RRP were included (26 adult-onset and 4 pediatric-onset). Ages ranged from 1 to 4 years for 
pediatric patients and 20 to 76 years for adults. Ten patients had aggressive, and 20 had non-aggressive disease. Increased 
expression of EGFR in the mid/basal portion of the epithelium was associated with an aggressive clinical course (p = 
0.02). There was a positive correlation between EGFR mid/basal expression and the maximum number of procedures 
performed (Spearman rho = 0.41; p = 0.03). In a logistic regression model, EGFR mid/basal expression was able to predict 
RRP disease aggressiveness with an overall accuracy of 82% (p = 0.02). 

Conclusion: Mid/basal EGFR overexpression was associated with clinically aggressive RRP. These data support that 
the EGFR axis is disturbed in RRP. Future research into targeted disruption of EGFR in patients with aggressive RRP 
disease is warranted.
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Laryngeal Manifestations of Relapsing Polychondritis 
and a Novel Treatment Option

Lesley Childs, MD; Scott Rickert, MD; Oscar Calderon Wengerman, MD;
Robert Lebovics, MD; Andrew Blitzer, MD, DDS

Purpose: Relapsing polychondritis (RP) is a rare inflammatory disease characterized by recurrent inflammation and de-
struction of cartilage and other connective tissues. Typically, head and neck manifestations of RP include chondritis of the 
ears and nasal septum. Although laryngeal involvement is rare, hoarseness or difficulty breathing may be the first sign of 
this debilitating disease. Indeed, the most common cause of death in patients with RP is airway involvement. We present 
3 patients who primarily presented with laryngeal manifestations of RP and discuss a novel treatment option. 

Study Design: Retrospective chart review.

Results: Two patients first presented to an otolaryngologist because of hoarseness and chronic cough that eventually 
progressed to dyspnea upon exertion. Laryngeal examination revealed subglottic stenoses with unique features. Upon 
rheumatologic workup, both were diagnosed with RP. After treatment with steroids and immunosuppressive drugs, one of 
the patient’s laryngeal symptoms improved, while the other required dilation procedures. Neither patient had auricular or 
nasal symptoms upon initial presentation. The third patient was being treated for spasmodic dysphonia and was noted to 
have bamboo nodules with accompanying dysphonia. Rheumatologic workup revealed RP, and systemic treatment ensued. 
Unfortunately, her symptoms of hoarseness persisted despite systemic treatment. A pulsed-KTP laser was applied to the 
bilateral bamboo nodules, which eventually caused resolution of her dysphonia. 

Conclusions: We present 3 patients with RP, all of whom sought health care from an otolaryngologist primarily. Aware-
ness of this disease entity and the possibility of early laryngeal involvement is crucial for proper care of those with this 
life-threatening disease.

False Vocal Fold and Interarytenoid Muscle Botulinum
Toxin A Injection for Laryngeal Dystonias

Jason Stubbs, DO; Libby Smith, DO; Clark Rosen, MD

Purpose of the Study: Evaluate the efficacy of false vocal fold (FVF) and interarytenoid (IA) muscle botulinum toxin A 
(BtxA) injection for recalcitrant laryngeal dystonia. 

Design and Method of Study and Analysis: Retrospective analysis of FVF and IA BtxA muscle injection from a tertiary 
care center. The vocal tremor severity scale was utilized to characterize the laryngeal movement disorders. The param-
eters evaluated were for repeated FVF and IA injection, unfavorable results, amount of BtxA injected, and time between 
injections.

Summary of Results: Fourteen of 157 patients being treated for laryngeal movement disorders were not satisfied with 
traditional BtxA injections of the thyroarytenoid or posterior cricoarytenoid muscle (8.9%). Eleven patients were treated 
with FVF injection, and 3 patients were treated with IA injection. Nine of the 11 FVF patients (82%) felt that these injec-
tions were superior to the traditional injections, and all 3 of the IA patients perceived increased benefit. Two of the 11 
patients (18%) requested a return to previous sites of BtxA injections. One patient had temporary breathiness. The amount 
of BtxA injected in the FVF and IA ranged from 1.25mu to 10mu. The time between injections of the FVF and IA was 
equal to that for the TA and PCA muscles. 

Conclusion: Botulinum toxin A injection of the FVF and/or IA muscles is a treatment option for appropriately chosen 
patients.
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1998 Gregory A. Grillone, Dept of Oto, Boston Med Ctr,  
D616, 88 E New ton St, Boston, MA 02118-2308

1993 Benjamin Gruber, 111 N Wabash, Ste 1603, Chicago, IL 
60602-2002

2008 Stacey Halum, Indiana Univ, Dept of Oto-HNS, 702 
Barnhill Dr, Ste 860, Indianapolis, IN 46202

2000 David J. Halvorson, 1010 First St N, Ste 301, Alabaster, 
AL 35007-8725

1983 Steven D. Handler, Children’s Hosp of Philadelphia, 
Richard D. Wood Ctr, 1st Fl, 34th St & Civic Center Blvd, 
Philadelphia, PA 19104-4343

1999 Gady Har-El, 193-38 Keno Ave, Hollis, NY 11423

1997 Earl Harley, Dept of Oto, Georgetown Univ Med Ctr, 
3800 Reservoir Rd NW, Wash ington, DC 20007-2196

2004 Christopher J. Hartnick, Dept of Oto, Mass Eye & Ear 
Infirmary, 243 Charles St, Boston, MA 02114

2003 Bruce H. Haughey, Washington Univ Sch of Med, Dept  
of Oto, 517 S Euclid Ave, Box 8115, St Louis, MO 63110

2002 Diane G. Heatley, Div of Oto-HNS, Univ of Wisconsin 
Hosp, 600 Highland Ave, K4-710, Madison, WI 53792-
7375

2004 Yolanda Heman-Ackah, Philadelphia Voice Ctr, 25 Bala 
Ave, Ste 200, Bala Cynwyd, PA 19004

1991 Robert A. Hendrix, 105 Shannon Ct, Rocky Mount, NC 
27804

1997 Garrett D. Herzon, Cedars-Sinai Med Ctr, Ste 440E, 8631 
W Third St, Los Angeles, CA 90048

1997 Raymond L. Hilsinger, Jr, HNS Dept, 280 W MacArthur 
Blvd, Oakland, CA 94611-5642

2003 Michael L. Hinni, Mayo Clinic Scottsdale, 5777 E Mayo 
Blvd, Phoenix, AZ 85054

2002 Shigeru Hirano, 51-2 Hirano-Toriimae-Cho #405, Kita-
ku, Kyoto 603-8321, Japan

1999 Henry T. Hoffman, Dept of Oto, Univ of Iowa Hosp, 200 
Hawkins Dr, Iowa City, IA 52242-1009
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1978 Lauren D. Holinger, Dept of Oto, Children’s Memorial  
Hosp, 2300 Chil  dren’s Plaza, Box 25, Chicago, IL 60614

1993 Andrew J. Hotaling, 18 S Clay St, Hinsdale, IL 60521-
3235

1991 Andrew F. Inglis, Children’s Hosp & Regional Med Ctr, 
PO Box 5371 1 6E-1, Seattle, WA 98105-0371

1997 Ian Jacobs, Dept of Ped Oto, Children’s Hosp of Philadel-
phia, 34th St & Civic Center Blvd, 1st Fl Wood, Philadel-
phia, PA 19104

1976 Bruce W. Jafek, Univ of Colorado, Dept of Oto B-205, 
4200 E Ninth Ave, Denver, CO 80262

2009 Scharukh Jalisi, Boston Univ Med Ctr, ORL-HNS, 820 
Harrison Ave, Ste FGH4, Boston, MA 02118

2005 Michael M. Johns, 550 Peachtree St, Ste 400, Atlanta, 
GA 30308

1985 Jonas T. Johnson, Eye & Ear Inst, Dept of Oto, 200  
Loth rop St, Ste 500, UPMC, Pittsburgh, PA 15213-2546

2000 Paul J. Jones, Rush Univ Med Ctr, Dept of Ped Oto, 1611 
W Harrison, Ste 550, Chicago, IL 60612-3833

1991 Raleigh O. Jones, Jr, Univ of Kentucky Med Ctr, Div of 
Oto, 800 Rose St, Rm C-236, Lexington, KY 40536-0084

2004 David E. Karas, 14 Willard Ave, Madison, CT 06443

1999 Jan L. Kasperbauer, Mayo Clinic, Dept of Oto, 200 First 
St SW, Rochester, MN 55905-0002

1973 Burns W. Kay, One W Hellman Ave, No. 8, Alhambra, 
CA 91803

1997 William M. Keane, 925 Chestnut St, 6th Fl, Philadelphia, 
PA 19107

1992 Donald B. Kearns, 3030 Children’s Way, Ste 402, San 
Diego, CA 92123-4228

1993 James H. Kelly, 6701 N Charles St, GBMC Rm 4202, 
Baltimore, MD 21204

1998 David W. Kennedy, Univ of Pennsylvania Med Ctr, Dept 
of Oto, 3400 Spruce St, Ravdin 5, Philadelphia, PA  
19104-4264

1998 Kemp H. Kernstine, City of Hope Natl Med Ctr, 1500 E 
Duarte Rd, Warshaw MOB, Duarte, CA 91010

1998 Joseph E. Kerschner, Dept of Ped Oto, Children’s Hosp 
of Wisconsin, 9200 W Wisconsin Ave, Milwaukee, WI 
53226-4810

1984 Charles P. Kimmelman, 985 Fifth Ave, 7A, New York, 
NY 10021

2008 Adam M. Klein, Emory Voice Ctr, 550 Peachtree St, 
MOT, Ste 9-4400, Atlanta, GA 30308

1992 Peter J. Koltai, Stanford Univ Sch of Med, Div of  
Ped Oto, 801 Welch Rd, Stanford, CA 94305-5739

1988 Arnold Komisar, 1421 Third Ave, 4th Fl, New York, NY 
10028

1990 Charles F. Koopmann, 2514 Hawthorne Rd, Ann Arbor, 
MI 48104

1989 Jamie Koufman, 121 Bank St, Apt K, New York, NY 
10014

1996 Dennis H. Kraus, Memorial Sloan-Kettering Cancer Ctr, 
1275 York Ave, Box 285, New York, NY 10021-0032

1989 Yosef P. Krespi, NYHNI, 110 E 59th St, Ste 8C, New 
York, NY 10022

2010 Priya D. Krishna, UPMC Mercy Hosp, Dept of Oto, Ste 
11500, Bldg B, 1400 Locust St, Pittsburgh, PA 15219

1993 Frederick A. Kuhn, Med College of Georgia, Div of 
ENT, 4750 Waters Ave, BP 4117, Ste 112, Savannah, GA  
31404-6267

2008 Denis C. LaFreniere, Univ of Connecticut Health Ctr,  
Div of Oto-HNS, MC-6228, 263 Farmington Ave,  
Far ming ton, CT 06032-6228

1988 William Lawson, Dept of Oto, Mt Sinai Med Ctr, Five E 
98th St, 8th Fl, Box 1191, New York, NY 10029

1989 Howard L. Levine, Cleveland Nasal Sinus & Sleep Ctr, 
5555 Transportation Blvd, Cleveland, OH 44125-5325

1990 Paul A. Levine, UVA, Oto-HNS, Box 800713, Char-
lottesville, VA 22908-0713

1989 Rodney P. Lusk, 555 N 30th St, Omaha, NE 68131

2008 David L. Mandell, Ctr for Ped ENT, Ste B-900, Bethesda 
Health City, 10301 Hagen Ranch Rd, Boynton Beach, FL 
33437

1995 Lynette J. Mark, Johns Hopkins UMC, Div of Anesthesia 
for Oto-HNS, 600 N Wolfe St, Tower 711, Baltimore,  
MD 21287-8711

2003 Nicole C. Maronian, Univ of Cleveland, 11100 Euclid 
Ave, LKS 5045, Cleveland, OH 44106-5045

2011 I-Fan Mau, Univ of Texas Southwestern, Dept of Oto-
HNS, 5323 Harry Hines Blvd, Dallas, TX 75390

2005 Steffen Maune, Univ of Kiel, Dept of Oto, Arnold-Hel-
ler-Str 14, 24105 Kiel, Germany

1984 Thomas V. McCaffrey, Univ of Southern Florida, 12902 
Magnolia Dr, Ste 3057, Tampa, FL 33612-9416

2008 Timothy M. McCulloch, Univ of Wisconsin Hosp &  
Clinics, K4/719 Clinical Sci Ctr, 600 Highland Ave, 
Madison, WI 53792-7375

1982 John C. McDougall, Mayo Clinic, 200 SW First St,  
Ro  chester, MN 55905

1984 Trevor J. I. McGill, Children’s Hosp, Dept of Oto, Fegan 
9, 300 Longwood Ave, Boston, MA 02115-5724

1998 William Frederick McGuirt, Jr, 4308 Allstair Rd, Win -
ston-Salem, NC 27104

2000 J. Scott McMurray, Div of Oto-HNS, Univ of Wisconsin 
Hosp, 600 Highland Ave, K4-710, Madison, WI 53792-
7375

2003 Albert L. Merati, Univ of Washington Sch of Med, 1959 
NE Pacific Dr, Seattle, WA 98195-6161

2008 Tanya K. Meyer, 10 E Lee St, #1101, Baltimore, MD 
21202

2000 Henry A. Milczuk, Dept of Oto-HNS, Oregon Health Sci 
Univ, PV-01, 3181 SW Sam Jackson Park Rd, Portland, 
OR 97201-3011

1990 Robert P. Miller, 8780 Golf Rd, Ste 200, Niles, IL 60714-
5611

2005 Natasha Mirza, MD, Univ of Pennsylvania Med Ctr, 
Voice & Swallowing Ctr, 5 Ravdin, 3400 Spruce St, 
Philadelphia, PA 19104

1984 Rose M. Mohr, Dept of Oto, Campus Med Arts Bldg #2, 
Ste 230, 29101 Health Campus Dr, Westlake, OH 44145

1997 Anthony J. Mortelliti, Dept of Oto, SUNY Upstate Med 
Univ, 750 E Adams St, Syracuse, NY 13210
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2009 Melissa Mortensen, Univ of Virginia Health System,  
ORL-HNS, PO Box 800713, Charlottesville, VA 22908-
0713

1991 Harlan R. Muntz, Primary Children’s Med Ctr, 100 N 
Mario Capecchi Dr, #4500, Salt Lake City, UT 84113

1994 Charles M. Myer III, Children’s Hosp Med Ctr, Dept of 
Ped Oto, 3333 Burnet Ave, ML 2018, Cincinnati, OH 
45229-3026

1993 James L. Netterville, VUMC, Dept of Oto, 7209 Med Ctr 
E, South Tower, 1215 21st Ave S, Nashville, TN 37232-
5555

2009 J. Pieter Noordzij, Boston Med Ctr, ORL-HNS, 715 
Albany St, Boston, MA 02118

1995 Laurie A. Ohlms, Children’s Hosp, Dept of Oto, 300 
Long wood Ave, Boston, MA 02115

2006 Bert O’Malley, Univ of Pennsylvania, 3400 Spruce St, 5 
Ravdin, Philadelphia, PA 19104

2007 Laura Orvidas, Mayo Clinic, Dept of Oto, 200 First St 
SW, Rochester, MN 55905

1984 Robert H. Ossoff, VUMC, S-2100 Med Ctr N, Nashville, 
TN 37232-2559

2001 Randal C. Paniello, Washington Univ Med Ctr, Dept of 
Oto, 660 Euclid Ave, Box 8115, St Louis, MO 63110-
1007

2000 Albert H. Park, Primary Children’s Med Ctr, Div of Oto, 
100 N Mario Capecchi Dr, #4500, Salt Lake City, UT 
84113

1990 Steven M. Parnes, 389 Hanley Rd, Nassau, NY 12123

1998 Thomas R. Pasic, Univ of Wisconsin Hosp, 600 Highland 
Ave, K4-712, Madison, WI 53792-7375

1987 Mark S. Persky, Beth Israel Med Ctr, 10 Union Sq E, Ste 
4J, New York, NY 10003

1994 Glenn Edison Peters, Univ of Alabama at Birmingham, 
BDR 563, 1530 3rd Ave, Birmingham, AL 35294-0012

1984 Harold C. Pillsbury III, 103 Turtleback Crossing Dr, 
Chapel Hill, NC 27516

1991 Robert L. Pincus, 36A E 36th St, Ste 200, New York, NY 
10016-3463

2009 Michael Pitman, New York Eye & Ear Infirmary, 310 E 
14 St, New York, NY 10003

1999 William M. Portnoy, 160 W 18th St, New York, NY 
10011-5403

1998 Gregory Postma, Med College of Georgia, Dept of Oto, 
1120 15th St, BP-4109, Augusta, GA 30912

1992 Seth M. Pransky, 3030 Children’s Way, Ste 402, San 
Diego, CA 92123-4228

2002 Reza Rahbar, Dept of Oto, Children’s Hosp, 300 Long-
wood Ave, Boston, MA 02115

2001 Elie E. Rebeiz, New England Med Ctr, 302 Marlborough 
St, Boston, MA 02116-1607

2009 Catherine J. Rees, Wake Forest Univ Health Sci, Med 
Ctr Blvd, Winston, NC 27157

2003 Mark Reichelderfer, Univ of Wisconsin Hosp, 600 High-
land Ave, H6/516 CSC, Madison, WI 53792-5124

1980 Timothy J. Reichert, 621 S New Ballas Rd, Ste 383A, St 
Louis, MO 63141-8232

1986 James S. Reilly, Alfred I. duPont Hosp for Children,  

1600 Rockland Rd, Wilmington, DE 19899

1996 Anthony J. Reino, 175 Memorial Hwy, Ste 1-2, New 
Ro chelle, NY 10801

1997 Marc Remacle, Service ORL, UCL Mont-Godinne, Av 
Therasse 1, Yvoir 5530, Belgium

1980 Dale H. Rice, USC Health Consultation Ctr, 1510 San 
Pablo St, Ste 201, Los Angeles, CA 90033-4586

2009 Gresham T. Richter, Univ of Arkansas for Med Sci, Ped 
Oto, Arkansas Children’s Hosp, 4301 W Markham, Slot 
543, Little Rock, AR 72205

1994 William J. Richtsmeier, Bassett Healthcare, One Atwell 
Rd, Cooperstown, NY 13326-1301

1994 Marion B. Ridley, 3203 Bayshore Blvd #1802, Tampa, 
FL 33629

1998 Frank L. Rimell, 420 Delaware St SE, MMC 396, Minne-
apolis, MN 55455-0374

1981 Michael Rontal, 28300 Orchard Lake Rd, No. 100, Farm-
ington Hills, MI 48334-3704

2003 Kristina W. Rosbe, Univ of California–San Francisco, 
Dept of Oto, Ste A730, San Francisco, CA 94143-0342

1998 Clark A. Rosen, Eye & Ear Inst, 200 Lothrop St, Ste 500, 
Pittsburgh, PA 15213

1999 Richard M. Rosenfeld, Dept of Oto, 339 Hicks St, Brook-
lyn, NY 11201

2004 Douglas A. Ross, St Vincent, Dept of Surg, 2800 Main 
St, Bridgeport, CT 06606-4201

1998 Michael Rothschild, MD, Park Ave ENT, 1175 Park Ave, 
Ste 1A, New York, NY 10128

2005 John S. Rubin, 15 Smith Close, London SE 165 PB, 
England

2004 Michael J. Rutter, Cincinnati Children’s Hosp, Dept of 
Ped Oto, 3333 Burnet Ave, ML 2018, Cincinnati, OH 
45229

2003 Alain Sabri, American Univ of Beirut Med Ctr, Dept of 
Oto-HNS, PO Box 113-6044, Beirut, Lebanon

1997 Robert Sataloff, 1721 Pine St, Philadelphia, PA 19103-
6701

2000 Kiminori Sato, 8-18-2-chome Kanaike-Machi, Oita-Shi 
870-0026, Japan

1996 Richard L. Scher, Div of Oto, Duke Univ Med Ctr, Box 
3805, Durham, NC 27710

1998 Scott R. Schoem, 245 Westmont St, West Hartford, CT 
06117

2005 John M. Schweinfurth, Univ of Mississippi, Dept of Oto, 
2500 N State St, Jackson, MS 39216-4505

1983 Roy B. Sessions, Beth Israel Med Ctr, 10 Union Sq E, Ste 
45, New York, NY 10003-3314

1988 Michael Setzen, 600 Northern Blvd, Ste 310, Great Neck, 
NY 11021-5200

1998 Udayan K. Shah, Alfred I duPont Hosp for Children, Div 
of Oto, 1600 Rockland Rd, Wilmington, DE 19803

1998 Jo Shapiro, Div of Oto, Brigham & Women’s Hosp, 45 
Francis St, Boston, MA 02115-5711

1998 Nina Shapiro, Div of HNS, UCLA Med Ctr, 10833 Le 
Conte Ave, Rm 62-158 CHS, Los Angeles, CA 90095-
3075
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1984 Stanley M. Shapshay, University ENT, 35 Haskett Blvd, 
Albany, NY 12208

2006 Anat Shatz, Shaare Zedek Med Ctr, Dept of Oto, 78 
Hagalil St, Ganey Tikva 55900, Israel

2000 Gary Y. Shaw, 11911 W 139 Terr, Overland Park, KS 
66221

2006 Akihiro Shiotani, 5-3-1 Nogata Nakano, Tokyo 1650027, 
Japan

1993 William W. Shockley, Div of Oto, Univ of North Caro -
lina, CB 7070, 610 Burnett-Womack Bldg, Chapel Hill, 
NC 27599-7070

2000 Sally R. Shott, Children’s Hosp Med Ctr, 3333 Bur  net 
Ave, MCL 2018, Cincinnati, OH 45229-3039

2010 Jeffrey P. Simons, Langone Med Ctr, Ped Oto-NYU, 550 
First Ave, New York, NY 10016

2000 C. Blake Simpson, Univ of Texas Health Sci Ctr, 7703 
Floyd Curl Dr, MSC 777, San Antonio, TX 78229-3900

1984 George T. Simpson II, 3495 Bailey Ave 503-C, Buffalo, 
NY 14215

2010 John T. Sinacori, 600 Gresham Dr, Ste 1100 RP, Norfolk, 
VA 23507

2003 Marshall E. Smith, Univ of Utah Med Ctr, Div of Oto, 50 
N Mario Capecchi Dr, Rm 3C120 SOM, Salt Lake City, 
UT 84132

1980 Raymond O. Smith, 4200 W Memorial Rd, No. 606, 
Oklahoma City, OK 73120-8305

1990 Richard J. H. Smith, Dept of Oto, Univ of Iowa Hosp, 200 
Hawkins Dr, Iowa City, IA 52242-1078

2011 Steven E. Sobol, Div of Ped Oto, 1 Wood Ctr, Philadel-
phia, PA 19104

2004 Ahmed Soliman, Temple Univ Sch of Med, Dept of 
Oto-HNS, 3400 N Broad St, Kresge 102, Philadelphia, 
PA 19140

2007 Robert Stachler, 527 N Cranbrook Dr, Bloomfield Hills, 
MI 48301-2402

1987 James A. Stankiewicz, Dept of Oto, Loyola Univ Med 
Ctr, 2160 S First Ave, Maywood, IL 60153-3304

2011 Melissa M. Statham, Emory Voice Ctr, 550 Peachtree St, 
9th Fl, Ste 4400, Atlanta, GA 30308

1981 Marshall Strome, 450 E 83rd St, Apt 23C, New York,  
NY 10020-6293

1978 Fred J. Stucker, Louisiana State Univ Med Ctr, Dept of 
Oto-HNS, 1501 Kings Hwy, Shreveport, LA 71103

2004 Lucian Sulica, Weill Cornell Med College, Dept of Oto, 
1305 York Ave, 5th Floor, New York, NY 10021

2007 Dana Suskind, Univ of Chicago, Oto-HNS, 5841 S Mary-
land Ave, M/C 1035, Chicago, IL 50537

2008 Thomas G. Takoudes, 46 Prince St, Ste 601, New Haven, 
CT 06519

2008 Ichiro Tateya, Dept of Oto-HNS, Graduate Sch of Medi-
cine, Kyoto Univ, Sakyo-ku, Kyoto 606-8507, Japan

2000 David J. Terris, Georgia Health Sci Univ, Dept of Oto, 
1120 Fifteen St, BP-4109, Augusta, GA 30912-4060

2000 Dana M. Thompson, 1402 Autumn Sage Courts W, 
Rochester, MN 55902

1985 Jerome W. Thompson, UT Health Sci Ctr, Dept of Oto, 
956 Court Ave, Rm B226, Memphis, TN 38163

1976 Robert J. Toohill, Med College of Wisconsin, Clinic at  

Froed tert, 9200 W Wisconsin Ave, Milwaukee, WI 53226

1996 David Tunkel, Dept of Oto, Johns Hopkins Univ Sch  
of Med, 601 Caroline St, 6th Fl, Baltimore, MD 21287-
0910

2010 V. Jean Verheyden, Central Oregon ENT, LLC, 2450 NE 
Mary Rose Pl, Ste 120, Bend, OR 97701

2000 David L. Walner, 1680 Cloverdale Ave, Highland Park, 
IL 60035

1980 Ko-Pen Wang, Harbor Hosp Ctr, 3001 S Hanover St, 
Baltimore, MD 21225

1995 Robert F. Ward, Weill Cornell Med College, Dept of Oto, 
1305 York Ave, 5th Floor, New York, NY 10021

1998 Mark K. Wax, Dept of Oto, 3181 SW Sam Jackson Park 
Rd, PV-01, Port land, OR 97201-3098

2004 Julie L. Wei, Univ of Kansas Med Ctr, Dept of Oto, 
Mailstop 3010, 3901 Rainbow Blvd, Kansas City, KS 
66160

1996 Gregory S. Weinstein, Dept of Oto, Univ of Pennsylvania 
Med Ctr, 5 Ravdin, 3400 Spruce St, Philadelphia, PA 
19104-4219

1984 Robert A. Weisman, 5215 Cannito Vista Lujo, San Diego, 
CA 92130

1993 Mark C. Weissler, 100 Faison Rd, Chapel Hill, NC 
27517

1991 Barry L. Wenig, Evanston Northwestern Hosp, Div of 
Oto, 1000 Central, Ste 610, Evanston, IL 60201

1995 Jay A. Werkhaven, VUMC, Dept of Oto, 7209 Med Ctr 
E, Nashville, TN 37232-2559

1999 Ralph Wetmore, Children’s Hosp of Philadelphia, Dept  
of Ped Oto, 34th St & Civic Center Blvd, Phila delphia, 
PA 19104

1997 Brian Wiatrak, Ped ENT Associates, 1940 Elmer J Bis sell 
Rd, Birmingham, AL 35243

2000 J. Paul Willging, Children’s Hosp Med Ctr, 3333 Burnet 
Ave, MCL 2018, Cincinnati, OH 45229

1997 Daniel Wohl, 4114 Sunbeam Rd, Ste 403, Jacksonville, 
FL 32257

1993 Peak Woo, 143 Hudson Ave, Tenafly, NJ 07670

2001 W. Edward Wood, 22 Lindsey Ave, Danville, PA 17821

2000 B. Tucker Woodson, Med College of Wisconsin, Clinic  
at Froedtert, 9200 W Wisconsin Ave, Milwaukee, WI 
53226

2002 Gayle W. Woodson, 1317 Wiggins Ave, Springfield, IL 
62704

1999 Audie L. Woolley, Ped ENT Associates, 1940 El  mer J 
Bissell Rd, Birmingham, AL 35243

1997 Ken Yanagisawa, Univ Towers, 98 York St, New Haven, 
CT 06511-5602

2010 Nwanmegha Young, Yale Univ, Dept of Oto, 333 Cedar 
St, PO Box 208041, New Haven, CT 06520-8041

2009 Craig H. Zalvan, Institute for Voice & Swallowing Dis-
orders, 777 N Broadway, Ste 303, Sleepy Hollow, NY 
10591

1997 George Zalzal, Children’s Natl Med Ctr, Dept of Oto, 
111 Michigan Ave NW, Washington, DC 20010

1991 Steven M. Zeitels, 100 Bellevue St, Boston, MA 02458-
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1921

2006 Karen Zur, Children’s Hosp of Philadelphia, Richard D. 
Wood Ctr, 1st Floor, 34th St & Civic Ctr Blvd, Philadel-
phia, PA 19104-4399

1992 David A. Zwillenberg, 266 Linden Lane, Merion, PA 
19066

Associate Members

2008 Lynn Acton, Yale Univ, Communication Disord Ctr, 333 
Cedar St, New Haven, CT 06520

1984 Jerome C. Goldstein, 4119 Manchester Lake Dr, Lake 
Worth, FL 33467-8175

1998 Andrew Herlich, Temple Univ, Dept of Anesthesiol, 3rd 
Fl, Broad & Ontario Sts, Philadelphia, PA 19104

2009 Nikki Johnston, Med College of Wisconsin, Otol &  
Com mun Sci, Div of Research, Froedtert West, 9200 W 
Wisconsin Ave, Milwaukee, WI 53226

2011 Susan Langmore, Boston Univ Med Ctr, Dept of Oto,  
820 Harrison Ave, FGH Bldg, 4th Fl, Boston, MA 
02118

2008 Steven B. Leder, Yale Univ Sch of Med, Dept of Surg-
Oto, PO Box 208041, New Haven, CT 06520-8041

2008 Heather Lisitano, Yale Univ, Oto, 800 Howard Ave,  
YPB 4th Floor, New Haven, CT 06520-8041

2005 Thomas Murry, Columbia Univ, Dept of Oto, Harkness 
8-812, New York, NY 10032

2009 Diana Marie Orbelo, Mayo Clinic, 200 First St SW, 
Rochester, MN 55905

2001 JoAnne Robbins, William S. Middleton VA Hosp,  
GRECC (11G), 2500 Overlook Terrace, Madison, WI 
53705

2008 Libby J. Smith, Eye & Ear Institute, 203 Lothrop St, Ste 
519, Philadelphia, PA 15123

Corresponding Members

1974 Bruce N. Benjamin, 19 Prince Rd, Killara, NSW 2071, 
Australia

1993 Daniel F. Brasnu, HEGP, Dept of Oto, 20 rue Leblanc, 
Paris 75015, France

1991 G. Patrick Bridger, 21 Kitchener Pl, Ste 1, Bankstown, 
NSW 2200, Australia

2001 Harvey L. Coates, 208 Hampden Rd, Nedlands, Perth, 
WA 6009, Australia

2006 Jacob Cohen, 119 Shderot Rothschild St, 64271 Tel- 
Aviv, Israel

1946 Emiro E. Delima, Rua Alvaro Alvin 31 130, Rio de Ja-
neiro, Brazil

2004 Ari DeRowe, Tel-Aviv Med Ctr, Dana Children’s Hosp, 
6 Weitzman St, Tel-Aviv, Israel

1965 J. M. DuBois de Montreynaud, Centre Hosp Univ, 45 
Rue Cognacq-Jay, Reims Cedex 51090, France

2002 Hans E. Eckel, HNO Abteilung, Dept ORL, Landeskran-
k en haus Klagenfurt, St Veiter Str 47, A-9020 Klagenfurt, 
Austria

1988 Alfio Ferlito, Dept of Oto-HNS, Univ of Udine, Poli- 
clinico Universitario, Piazzale Solavia Maria della  
Misericordia, 33100 Udine, Italy

1980 Rolando Fonseca, La Rioja 3920, La Lucila, Buenos  
Aires 1636, Argentina

2003 Gerhard Friedrich, Auenbruggerplatz 26-28, A-8036 
Graz, Austria

2001 E. Noel Garabedian, Service ORL, Hosp Armand Trou s - 
  seau, 26 Ave du Dr Arnold Netter, Paris Cedex 75012, 
France

2008 Dana M. Hartl, Institut Gustave Roussy, Oto-HNS, 39, 
rue Camille Desmoulins, 94805 Villejuif, France

1982 Minoru Hirano, 242-5 Nishimachi, Kurume-shi 830, Ja-
pan

1995 Yasuo Hisa, Dept of Oto, Kyoto Prefectural Univ of Med, 
Kawara machi-Hirokoji, Kyoto 602-8566, Japan

2000 Katsuhide Inagi, Kitasato Inst Med Ctr, 6-100 Arai, Kita-
moto, Saitama, Japan

1973 S. N. Jain, A1 F2 Poonam Apts, Abid Shopping Ctr,  
Chiraz Ali Lane, Hyderabad 500001 India

1976 Otto Jepsen, Univ Dept of Oto, Arhus Kommunehospi - 
tal, 8000 Arhus, Copenhagen, Denmark

2005 Benjamin Y. Kim, Yonsei Univ College of Med, Dept  
of ENT, CPO Box 8044, Seoul, Korea

1994 Hisayoshi Kojima, Dept of Oto, Kyoto Univ Fac of Med, 
Syogoinn Kawahara-cho 54, Sakyo-ku, Kyoto 606-8507, 
Japan

1979 Carl-Eric Lindholm, Dept of Oto, Orebro Med Ctr Hosp, 
S-701 85 Orebro, Sweden

2004 Burkard M. Lippert, SLK-Kliniken Heilbronn GmbH, 
Dept of ORL, Am Gesundbrunnen 20-26, 74078 Heil-
bronn, Germany

1980 Salvador Magaro, R Pena 1279-10B, Buenos Aires 1021, 
Argentina

2002 Hans F. Mahieu, VU Med Ctr, Dept of Oto, POB 7057, 
1007 MB Amsterdam, Netherlands

1992 Wolf J. Mann, Dept of Oto, Langenbeckstr, Mainz 55101, 
Germany

1987 Juan Antonio Mazzei, Av Las Heras 2321, 2nd Floor, 
C1425ASA C.A. Buenos Aires, Argentina

1991 Randall P. Morton, Green Lane Hosp, ORL Dept, Green 
Lane West, Auckland 3, New Zealand

1991 Yasushi Murakami, 4-2 Goryoshita, Ryoanji, U-Kyo-Ku, 
Kyoto 616, Japan

2004 Tadashi Nakashima, Kurume Univ Sch of Med, Dept  
of Oto-HNS, 67 Asahi-machi, Kurume 830-0011, Ja-
pan

1997 Michael Nash, Dept of Oto, Soroka Univ Med Ctr, Box 
151, Beer Sheva 84101, Israel

1976 Arnold M. Noyek, Mt Sinai Hosp, 600 University, Rm 
401, Toronto, Ontario M5G 1X5, Canada

2002 Koichi Omori, Dept of Oto-HNS, Grad Sch of Med, 
Kyoto Univ, 54 Kawahara-cho, Shogoin, Kyoto 606- 
8507, Japan

1987 Tadesz M. Orlowski, Dept of Thoracic Surg, 105 Grabis-
zynska Str, 53-439, Wroclaw, Poland

1984 Alexei Ovchinnikov, Surgery Clinik N1, First Moscow 
Medical Institute, Dovator Str 15, Moscow, Russia

1966 Panagiotis E. Pantazepoulos, 54 Homiru St, Athens 135, 
Greece
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2004 Kishore Prasad, 1st Floor Nethravathi Bldg, Bal mat- 
  ta, Mangalore, Karnataka State, India, 575001

2000 Alessandra Rinaldo, Dept of Oto-HNS, Univ of Udine, 
Policlinico Città di Udine, Viale Venezia 410, Udine 
33100, Italy

1974 Marcel Savary, Rue Neuve 10, Yverdon 1400, Switzer-
land

2005 Christian Sittel, ORL-HNS, Klinikum Stuttgart–Kath-
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