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FELLOWS IN ATIENDANCE AT THE ONE HUNDRED THIRTEENTH ANNUAL MEETING

First Row: Farrior, Montgomery, Ludlow, Ward, Strong, Fredrickson, Myers, Bailey, Hudson, Neel, Cohen.

Second Row: Hirano, Pratt, Richtsmeier, Fee, R. Sessions, Weymuller, Fearon, Schild, Tucker, Yanagisawa.
Third Row: Lyons, Lejeune, Bradley, Nichols, Holinger, Blaugrund, Yarington, Maniglia.
Fourth Row: Applebaum, Schaefer, Thumfart, Lingeman, Vaughan, Schechter, Healy, Lewy, Ford, Maisel.

Fifth Row: Adkins, Goldstein, Crumley, Noyek, Blitzer, Spector, D. Sessions, Lowry, Rice, Vrabec, Hisa.

Sixth Row: Cummings, Pearson, McGuirt, Kashima, Levine, Strome, Osguthorpe, Hawkins.
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MINUTES OF THE EXECUTIVE SESSIONS

FIRST SESSION - APRIL 11, 1992

The First Executive Session of the 113th Annual

Meeting was convened at 1 :30 PM in Salon F ofMar
riott's Desert Springs Hotel, Palm Desert, California,
John M. Fredrickson, MD, presiding.

The following candidates, having been recom

mended forFellowship by the Council, were elected
to Active Fellowship: Robin T. Cotton, MD, Cincin
nati, Ohio; L. Dale Lowry, MD, Philadelphia, Penn

sylvania; WilliamJ. Richtsmeier, MD, Durham, North
Carolina; Steven D. Schaefer, MD, New York, New
York; Gary L. Schechter, MD, Norfolk, Virginia; to

Emeritus Fellowship: Roger Boles, MD, San Fran
cisco, California; Richard T. Farrior, MD, Tampa,

Florida; Blair Fearon, MD, Toronto, Canada; Brian
F. McCabe, MD, Iowa City, Iowa; Claude L.

Pennington, MD, Macon, Georgia; to Honorary Fel

lowship: Gunnar K. Aschan, MD, Linkoping, Swe
den; and to Corresponding Fellowship: Christy L.
Ludlow, PhD, Bethesda, Maryland.

Following their election, the Active Fellows were

introduced by their sponsors and welcomed by Presi
dent Fredrickson.

The following Fellows were elected to the Nomi

nating Committee: Blair Fearon, MD, Chairman;
Stanley M. Blaugrund, MD; Charles W. Cummings,
MD; Patrick J. Doyle, MD; and Gerald B. Healy, MD.

SECOND SESSION -APRIL 12,1992

The Second Executive Session was opened by
President Fredrickson at 7 :00 AM, and the report of
the Nominating Committee was received from Dr
Blair Fearon, Chairman of the Nominating Commit
tee. The following Fellows were nominated andunani -

mously elected to the Council: William R. Hudson,
MD; Byron J. Bailey, MD; H. Bryan Neel III, MD,
PhD; Robert W. Cantrell, MD; Paul H. Ward, MD;
EugeneN. Myers, MD; James B. Snow, Jr, MD; John
M. Fredrickson, MD; Charles J. Krause, MD; and

Roger L. Crumley, MD.

The reports of the Secretary, the Treasurer, and the
Historian-Editor were submitted and accepted. The

report of the Governor of the American College of

Surgeons was given by Dr Warren Y. Adkins.

At the President's direction, the newly elected
members of the Council, acting as Directors of the

Association, organized themselves for the year 1992-
1993 as follows: President, William R. Hudson, MD;
Vice-President (President-Elect), Byron J. Bailey,
MD; Secretary, H. Bryan Neel III, MD, PhD; Trea

surer, Robert W. Cantrell, MD; Historian-Editor,
Paul H. Ward, MD; First Councilor, Eugene N.

Myers, MD; Second Councilor, James B. Snow, Jr,
MD; Third Councilor, John M. Fredrickson, MD;
Councilors-at-Large, Charles J. Krause, MD, and

Roger L. Crumley, MD.

At the close of the Scientific Session, the Execu
tive Session was reconvened by PresidentFredrickson,
who introduced Dr William R. Hudson as the new

President of the Association. Dr Hudson thanked Dr
Fredrickson for his outstanding leadership and work
as President of the Association. The meeting was

adjourned.
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REPORTS

REPORT OF THE SECRETARY

The membership prior to this Annual Meeting consisted of 98
Active members, 54 Emeritus members, 28 Corresponding mem

bers, and 9 Honorary members, for a total of 186 members. At the

present time after this year's elections, the membership now

consists of99 Active members, 55 Emeritus members, 28 Corre

sponding members, and 10 Honorary members, for a total of 194
members. There were four deaths from the time ofthe last Annual

Meeting.

There were 15 requests for applications and 11 formal submis
sions for the American Laryngological Association Grant for
1991. This is the second year that an award has been made. The

Laryngeal Research Fund Committee evaluated the grants and
selected the best one for the $15,000 award. Already there have
been 35 requests for applications for the 1992 grant.

The program evaluations of the 1991 Annual Meeting have
been reviewed carefully by the Council. There were 123 evalu
ations returned. The Council also reviewed the written responses
to the evaluation questions. It was concluded that the 1991

program was very well received by the membership.
The solicitation for funds for the memorial fund in the name of

Dr Louis Clerf has been successful; .over $6,584 has been
received in the Treasurer's office. More than 450 solicitations
were mailed, and about 250 of these were sent to Jefferson
alumni. Lists were kindly provided by Dr L. Dale Lowry.

The next meeting ofthe American Laryngological Association
will be held at the Century Plaza in Los Angeles, California, April
17-19, 1993, in conjunction with the 1993 Combined Otolaryn
gological Spring Meetings.

The next meeting ofthe American Laryngological Association
Council- the First (Winter) Council Meeting - will be held in

conjunction with the Eastern Section of the Triological Society at

the Grand Hyatt Hotel in New York, New York, January 29-30,
1993.

Respectfully submitted,
H. Bryan Neel Ill, MD, PhD

Secretary

REPORT OF THE HISTORIAN-EDITOR

I have the sad duty to report the deaths of four of our Emeritus
Fellows. Dr Joseph L. Goldman was elected to membership in
1959 and was elevated to Emeritus status in 1985. He died on

August 21, 1991. Dr Daniel Miller was elected to membership in
1965 and was elevated to Emeritus status in 1984. He died on

September 15, 1991. Dr Carlos E. Munoz-MacCormick was

elected to membership in 1957 and was elevated to Emeritus
status in 1978. He died on May 31, 1991. Dr John R. Richardson
was elected to membership in 1956 and was elevated to Emeritus
status in 1972. He died on June 8,1991. Would you please stand
for a moment of silence.

Again, I call your attention to the fact that the Library of the
Historian-Editor of the Association does not have a copy of the
Transactions for the years 1879-85, 1888-89, 1891, 1893-97,
1899-1915, 1917, 1920-29, 1932-33, 1939, 1940, 1943, 1955,
1958, 1960, 1970, and 1976. The Association will gratefully

receive copies of missing issues as a tax deductible contribution.
A complete set from 1879 through 1991, belonging to the
Association, is being transferred from the Pittsburgh Eye and Ear

Hospital, Pittsburgh, Pennsylvania, to the library of the Ameri
can Academy of Otolaryngology in Alexandria, Virginia.

Issues are available for sale to Fellows of the Association for
$2.00 per copy for the years 1918, 1942, 1944-49, 1951, 1954,
1958-59, 1962, 1964-69, 1971-75, and 1977-91.

Manuscripts for the 1993 meeting should be in the hands of the
Editor of the Annals of Otology, Rhinology & Laryngology by
March 1, 1993. As a reminder, failure to follow instructions and
not present a complete manuscript to the Historian-Editor will
result in denial of presentation by Council action.

Respectfully submitted,
Paul H. Ward, MD

Historian-Editor

REPORT OF THE GOVERNOR OF THE AMERICAN COLLEGE OF SURGEONS

As the representative of the American Laryngological Asso
ciation to the Board of Governors of the American College of
Surgeons, I attended the interim meeting of the Advisory Council
to Otolaryngology in Chicago, Illinois, in May 1991, and the

Advisory Council meeting held in Chicago during the Clinical
Congress in October 1991. In addition, I attended the Annual
Meeting of the Board of Governors that was 'held on October 20
at the Chicago Hilton and Towers. Primary concerns of the
Governors presented at the Annual Meeting in order of impor
tance were physician reimbursement, professional liability and

malpractice, government and third-party intervention, acquired
immunodeficiency syndrome, relations with the American Medi
cal Association, education credentialing, new technology, and
relations with surgical and medical specialties. A response report
to the major concerns was given by Izadore Corn, Jr, Chairman
of the Board of Governors.

It was of interest that the Governors were asked to participate
in a straw vote on whether or not the American College of

Surgeons should rejoin the American MedicalAssociation House
of Delegates. This vote took place after presentations from the

podium both pro and con on this issue. The wording of the straw

vote and the presentations from the podium made it perfectly
obvious that the leadership of the American College is not

interested in rejoining the American Medical Association. Even
so, the vote was probably approximately between 55% and 60%
against and between 40% and 45% for rejoining.

In response to concerns of the membership of the College and
the Governors, the American College has become much more

active in the socioeconomic sphere. From the materials presented
it would appear that the college has been fairly effective in
representing the concerns of surgeons and general surgery in

particular to the Congress.

Respectfully submitted,
Warren Y. Adkins, MD

Governor, American College of Surgeons
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REPORT OF THE TREASURER

Reports 9

To the Board of Directors of the
American Laryngological Association

We have compiled the accompanying balance sheet of the
American Laryngological Association as ofDecember 31. 1991.
and the related statements of revenues. expenses. and changes in
fund balances and cash flows for the 9 months then ended. and the

accompanying supplementary information presented only for

supplementary analysis purposes. in accordance with standards
established by the American Institute of Certified Public Ac
countants.

STATEMENT OF ASSETS. LIABILITIES.
AND FUND BALANCES FOR THE YEARS ENDED

DECEMBER 31.1991
ASSETS

Current Assets:

Cash - checking $ 79.895
Certificates of deposit 10.000
Money Market Funds 100.504
Accounts receivable - dues 800
Accounts receivable - banquet 1.110
Accrued interest receivable 2.311

Total Current Assets $194.620
Long-term Investments:

Marketable securities - stocks $ 12.786
US Treasury obligations 248,813

Total Long-term Investments $261,599
Total Assets $456,219

LlABlllTIES AND FUND BALANCES

Fund Balances (Deficit):
General Fund ($ 14,952)
Trust Fund 471,171

Total Liabilities and Fund Balance $456,219

See Accountants' Compilation Report and Notes to Financial State
ments.

A compilation is limited to presenting, in the form of financial
statements and supplementary schedules. information that is the

representation of the management. We have not audited or

reviewed the accompanying financial statements and, accord

ingly, do not express an opinion or any other form of assurance

on them.

Respectfully submitted,
Deane and Fulton, Ltd

Charlottesville, Virginia
March 30, 1992

STATEMENT OF CASH FLOWS FOR THE 9 MONTHS
ENDED DECEMBER 31,1991

Cash Flows From Operating Activities:

Excess of revenues and investment
income over expenditures $ 26,572
Adjustment to reconcile with net cash provided:
Decrease in accounts receivable - dues .4,600
Decrease in accounts receivable - banquet 2,830
Increase in accrued interest receivable ( 1,748)

Net Cash Provided by Operating Activities $ 32,254
Cash Flows From Investing Activities:

Proceeds from sale of investments $ 75,000
Payments to acquire investments ( 79,532)

Net Cash Used by Investing Activities ($ 4,532)
Net Increase in Cash and Cash Equivalents 27,722
Cash and Cash Equivalents, beginning ofperiod $162,677
Cash and Cash Equivalents. end ofperiod $190,399

See Accountants' Compilation Report and Notes to Financial State
ments.
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SCHEDULE OF LONG-TERM INVESTMENTS
DECEMBER 31, 1991

Market
Stocks Shares Cost Value

Ameritech 60 $ 1,122 $ 3,810
American Telephone

& Telegraph 200 3,093 7,825
Bell Atlantic 80 1,138 3,860
Bell South 90 1,471 4,658
Falcon Bridge Gold 2 675 4

IBM 40 1,321 3,560
Nynex 40 1,068 3,230
Pacific Telesis 80 897 3,570
Southwestern Bell 60 1,030 3,878
US West 80 971 3,030

$ 12,786 $ 37,425
US Treasury Obligations:

$75,000 Treasury Bill
due February 1, 1992,
at par $ 74,581 $ 74,581

$75,000 Treasury Bill
due February 13, 1992,
at par $ 74,453 $ 74,453

$100,0006.75% Treasury
Note due February 28,
1993; interest paid
semiannually in
August and February $ 99,779 $100,000

$248,813 $249,034

See Accountants' Compilation Report and Notes to Financial State
ments.

Reports

STATEMENT OF REVENUES, EXPENSES, AND
CHANGES IN FUND BALANCES FOR THE 9 MONTHS

ENDED DECEMBER 31,1991
Revenues:

Dues $ 19,600
COSM registration ; : 6,282
Sale of publications 240

Donations 11,774
Annual meeting 19,200
Proetz Trust 5,244

Total revenues $ 62,340

Expenses:
Annual meeting and banquet $ 42,021
Council travel and expenses l,OI2
Printing, postage, and supplies : 3,852
Professional fees 4,761
Research awards/donations 2,918
Clerical 2,100
Administration 500
Rent storage space 1,380
Miscellaneous 741

Total expenditures $ 59,285
Excess (deficit) ofRevenues over Expenditures $ 3,055
Investment Income 23,517
Excess ofRevenues and

Investment Income over Expenses $ 26,572
Fund Balances, beginning ofyear .429,647
Fund Balances, end ofyear �$456,219

See Accountants' Compilation Report and Notes to Financial State
ments.

SCHEDULE OF INDIVIDUAL TRUST FUNDS FOR THE 9 MONTHS ENDED DECEMBER 31, 1991

Fund Fund
Balance Balance
03/31191 Revenues Income Disbursements Transfers 12/31191

Daniel C. Baker, Jr,
Memorial Fund $ 46,609 $ $ 2,498 $ ° $ ° $ 49,107

Casselberry Fund 28,952 1,552 ( 1,000) 29,504
Johnston Fund 28,835 1,545 30,380
De Roaldes Fund 16,489 884 235) 17,138
Newcomb Trust Fund 11,471 615 12,086
Newcomb Prize Fund 2,870 154 3,024
Research Fund 130,321 4,882 6,984 ( 1,500) 1,732 142,419
Seymour Cohen Fund 117,917 6,320 124,327
Memorial Fund 32,326 1,150 1,732 (1,732) 33,476
Gabriel F. Tucker Fund 22,209 1,190 183) 23,216
Dr Louis H. Clerf Fund 799 5,742 43 6,584

---

$438,798 $11,774 $23,517 ($ 2,918) $ ° $471,171
-- --- --

See Accountants' Compilation Report and Notes to Financial Statements.
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NOTES TO FINANCIAL STATEMENTS -DECEMBER 31,1991

1. Summary of significant accounting policies
This summary ofsignificant accounting policies of the American Laryngological Association (the Association) is presented to assist

in understanding the Association's financial statements. The financial statements and notes are representations of the Association's

managing council, which is responsible for their integrity and objectivity.
General. The Association is a nonprofit corporation organized for the advancement and promotion of the study of the science of

medicine and surgery, devoting special attention to the upper aerodigestive tract, and to engage in and to encourage research with respect
thereto. This includes the elevation ofstandards of the fundamental study and teaching ofrhinology and laryngology in the undergraduate
and postgraduate medical schools ofAmerica, the publishing annually of the proceedings of this Association, and the honoring of those

who, by their contributions in the field of rhinology and laryngology, have aided in its advancement.

Method ofAccounting. The financial statements have been prepared in accordance with generally accepted accounting principles
on the accrual basis.

Accounts Receivable. The Association follows the practice of writing off uncollectible accounts as they are incurred. There is no

allowance for uncollectible accounts reflected in the balance sheet. Management is of the opinion any allowance would be immaterial.

Investments. The Association's investment in marketable securities (common stocks) is carried at the lower of aggregate cost or

quoted market value.

2. Federal income tax

No provision for federal income tax is included in the financial statements as the Association is exempt from federal income tax

under the provisions of Section 501 (c)(3) of the Internal Revenue Code.

3. Allocation of investment income

Interest on US Treasury notes, Certificates of Deposit, Money Markets, as well as dividends on common stock, are credited as

income to the Trust Fund. Trust Fund income is further allocated to each individual fund in the ratio each fund bears to the total value
of the trust funds at the beginning of the year, except that by action of the Council on January 3, 1976, current income from the Memorial
Fund is to be transferred to the fund balance of the Research Fund.

4. Arthur W. Proetz Trust Fund

On November 9,1987, the American Laryngological Association was named the conditional beneficiary of a Trust under the will
ofArthur W. Proetz. The entire net income derived from the Trust is paid quarterly to the Association to be used for research, education,
or scientific activities related to the science of rhinology or laryngology. The following five persons comprise the committee that
administers the disbursement ofnet income from the fund: Robert W. Cantrell, MD; John M. Fredrickson, MD; William R. Hudson, MD;
H., Bryan Neel III, MD, PhD; and James B. Snow, Jr, MD.

5. Cash flows

For purposes of the statement of cash flows, the Association considers all deposit accounts and money market funds to be cash and
cash equivalents.

Respectfully submitted,
Robert W. Cantrell, MD
Treasurer
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1961 Frederick T. Hill 1991 William W. Montgomery
1966 Paul H. Holinger 1992 M. Stuart Strong
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1923 George Fetterolf 1934 Anderson C. Hilding 1949 Henry B. Orton
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and o. Larsell 1939 H. Marshall Taylor and Barry D. Wyke
1929 Richard A. Kern and Brien T. King 1968 Joseph H. Ogura

and Harry P. Schenck 1940 French K. Hansel 1985 H. Bryan Neel III

1929 Edward H. Campbell 1941 Noah D. Fabricant 1987 Joseph J. Fata

1931 Arthur W. Proetz 1946 Paul H. Holinger 1991 James L. Koufman

RECIPIENTS OF THE NEWCOMB AWARD

1941 Burt R. Shurly 1960 Joel J. Pressman 1976 Joseph L. Goldman
1942 Francis R. Packard 1961 Chevalier L. Jackson 1977 F. Johnson Putney
1943 George M. Coates 1962 Paul H. Holinger 1978 John F. Daly
1944 Charles J. Imperatori 1963 Francis E. Lejeune 1979 Charles F. Ferguson
1947 Harris P. Mosher 1964 Fred W. Dixon 1980 Charles M. Norris
1948 Gordon Berry 1965 Edwin N. Broyles

1981 Stanton A. Friedberg
1949 Gordon B. New 1982 William M. Trible
1950 H. Marshall Taylor

1966 Lyman G. Richards 1983 Harold G. Tabb
1951 John D. Kernan 1967 Joseph H. Ogura 1984 Daniel Miller

1952 William J. McNally 1968 Walter P. Work 1985 M. Stuart Strong
1953 Frederick T. Hill 1969 John A. Kirchner 1986 George A. Sisson
1954 Henry B. Orton 1970 Louis H. Clerf 1987 John S. Lewis
1955 Thomas C. Galloway 1971 Daniel C. Baker, Jr 1988 Douglas P. Bryce
1956 Dean M. Lierle 1972 Alden H. Miller 1989 Loring W. Pratt
1957 Gordon F. Harkness 1973 DeGraaf Woodman 1990 William W. Montgomery
1958 Albert C. Furstenberg 1974 John J. Conley 1991 Seymour R. Cohen
1959 Harry P. Schenck 1975 Francis W. Davison 1992 Paul H. Ward

RECIPIENTS OF THE GABRIEL F. TUCKER AWARD

1987 Seymour R. Cohen
1988 Charles F. Ferguson

1989 Blair Fearon
1990 Gerald B. Healy

1991 John A. Tucker
1992 Bruce Benjamin

RECIPIENTS OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION AWARD

1988 Frank Netter
1989 Shigeto Ikeda

1990 ,Hans Littmann
1991 Arnold E. Aronson

1992 Michael Ter-Pogossian

RECIPIENTS OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION RESIDENT
RESEARCH AWARD

1990 David C. Green
1991 Timothy M. McCulloch

1991 Ramon M. Esclamado
1992 David H. Henick

RECIPIENTS OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION YOUNG
FACULTY RESEARCH AWARD

1991 Paul W. Flint 1992 Yasuo Hisa
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THE MEMORIAL AND LARYNGOLOGICAL RESEARCH FUNDS

The Council earnestly requests that Fellows of the Association give consideration to making a special bequest to these important
funds, or to becoming a Benefactor.

MEMORIAL FUND DONORS

Mrs Daniel C. Baker, Jr
Daniel C. Baker, Jr
John F. Barnhill

August L. Beck
Gordon Berry
William E. Casselberry
Cornelius G. Coakley
Robin T. Cotton
Lee Wallace Dean
Arthur W. De Roaldes
Fred W. Dixon

George Fetterolf

Joseph L. Goodale
William E. Grove
Gordon F. Harkness
Frederick T. Hill
George E. Hourn
Samuel Johnston
James E. Newcomb

Henry B. Orton

LupQ. Pang
Pediatric Anaesthesia

Associates, Ltd, of the

Childrens Memorial

Hospital of Chicago
Loring W. and Mrs Pratt

Lyman G. Richards
Burt R. Shurly
Lester T. Sunderland
H. Marshall Taylor
Walter H. Theobald
Gabriel F. Tucker, Jr
Francis L. Weille

Eiji Yanagisawa

BENEFACTORS

Mrs Sally Sample-Aall
Mrs Daniel C. Baker, Jr
Edwin N. Broyles
Louis H. Clerf
Seymour R. and Mrs Cohen
John J. Conley
John F. Daly
Francis W. and Mrs Davison
Stanton A. Friedberg

Thomas C. Galloway
Joseph L. Goldman
Robert L. Goodale
Edley H. Jones
Zelda Radow Weintraub

Cancer Fund, Inc
A. P. Marchessini
Francis H. McGovern
Charles M. Norris

Samuel Salinger
Sam H. Sanders
Harry P. Schenck
Karl Storz Endoscopy-

America, Inc
Oliver W. Suehs
William M. Trible
DeGraaf Woodman
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PRESIDENTIAL REMARKS

JOHN M. FREDRICKSON, MD

Welcome to the l13th Annual Meeting of the
American Laryngological Association (ALA). This
is an excellent time for each of us to reflect upon the
assistance we have received to enrich our careers, and
to consider how we can improve the potential for
success of the young otolaryngologists who follow.

A chance to participate in research at an early stage
of any specialist's career will enhance his or her

ability to provide superior patient care. My program
chairman, DrJohn Lindsay, conscientiously strove to

provide research experience for residents at the Uni

versity of Chicago. He believed that research was an

essential ingredient of quality training. I was fortu
nate to work with Dr Cesar Fernandez during my
residency, and later to spend 2 years with Dr Hans
Kornhuber in Germany as a visiting investigator. My
involvement in clinical and basic research has stimu
lated my desire to provide the same environment for

today's residents.

Our specialty is attracting some of the brightest
medical graduates in our history. It is imperative that
we offer intelligent, eager residents the chance to test
their skills. Flexible timetables will help accommo

date those interested in research, and caring, support
ive staffwill encourage them. One of the major goals
of the ALA is to support research. Resources are

needed to acquire research space and fund projects.
The future of the specialty depends upon the success

of such an enterprise.
While treasurer of the ALA, I had the pleasure of

accepting on behalfof the Association approximately
$100,000 from the estate of Dr Arthur Proetz, a past
President of the ALA, as a trust fund to support
research, and shortly thereafter a similar amount as a

research endowment from our own Dr Seymour
Cohen, also a past-President. The foresight of Drs
Proetz and Cohen will not only provide support for
research, but will additionally act as a catalyst to

encourage other donations.
'

These large sums are remarkable, but every dona
tion is important. The ALA presently funds a research

grant of $15,000 for a young investigator. I look
forward to the day when our research fund grows to

the point at which we can provide several such grants.
I know you will continue to derive great satisfaction
from personal contributions to the. ALA Research
Fund.

This year as President has been a very rewarding
experience and I believe our program reflects, in

many ways, much of what I have said about young
investigators and the exciting research results they
are achieving to keep our specialty at the forefront.

In conclusion, I want to thank all of the council
members and those of you who have contributed
time, energy, and money to help strengthen our

Association and its mission. In particular, I want to

pay tribute to our outstanding Secretary, Dr Bryan
Neel, for his immense support to me and to the
Association.

.
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INTRODUCTION OF GUEST OF HONOR
M. STUART STRONG, MD

JOHN M. FREDRICKSON, MD

I have the greatest possible pleasure of introducing
Dr Stuart Strong as the American Laryngological
Association (ALA) Guest of Honor for 1992. Dr

Strong was born in Kells, Ireland, a small rural town

probably best known for the Book ofKells. He took
his medical degree in Dublin and his residency at the

Royal Infirmary in Edinburgh. In 1950 he made the
most intelligent move ofhis career by marrying Sybil
Ronaldson, his charming and wonderful wife. That
same year Stuart and Sybil moved toBoston for a

fellowship at the Lahey Clinic, with the intention of

returning to the United Kingdom. Instead, they re

mained and he became an instructor in otolaryngology
at Boston University School of Medicine. He must

have been treated very well because this immensely
talented man remained there throughout his career.

He was Professor and Chairman of Otolaryngology
at Boston University from 1956 through 1985.

The list of accomplishments ofDr Strong is prodi
gious and I will, therefore, mention just a few of the

many highlights. He was a delegate to the AMA, a

Governor of the American College of Surgeons, and
President ofthe American Broncho-Esophagological
Association, ALA, and American Laryngological,
Rhinological and Otological Society, Inc. He was

also a member of the American Board of Otolaryn
gology from 1977 to 1989. His publications number

approximately 180, mostly in the fields oflaryngology
and head and neck oncology. His pioneering work in
the field of laser laryngology, I'm sure, is very well
known to all ofyou. One could go on and on about his

career, but Stuart is a very modest man, so I won't
make him squirm. Stuart is now happily retired with

many hobbies, including golf and grandfathering.

More than all of this, those who have had the

pleasure of knowing Stuart will join me in recogniz
ing his role, not just as inspirational leader, but as a

great gentleman and loyal friend. Ladies and gentle
men, our Guest of Honor, Dr Stuart Strong.

15



GUEST OF HONOR ADDRESS

M. STUART STRONG, MD

Thank: you, Dr Fredrickson, for those kind and

generous words. It is an enormous pleasure and honor
for my wife, Sybil, and me to be the guests of honor
of the American Laryngological Association (ALA),
and we greatly appreciate it.

Having said that, I suppose I should congratulate
you on your year of being President and for the fine

program you have assembled - and sit down! But

being a Guest ofHonor of the ALA is something very
special for me, and perhaps I can be permitted a

moment or two of reflection on why the ALA is so

special.
I started my career as a fairly well-rounded otologist

in the fenestration era. Those were exciting days,
especially when we were able to discard our loupes
arid obtain one of the Jena Zeiss microscopes that
came into the United States in 1953!

Five years later I had the good fortune to meet Dr
Geza Jako, the world's greatest medical gadgeteer.
This meeting was to be the beginning of our lifelong
friendship. One day he casually produced a 400-mm
Zeiss microscope front lens from his pocket; he had

just returned from visiting the Zeiss factory in the
then West Germany and had been given the only 400-
mm lens in existence at that time!

From that time forward I developed a special
devotion to laryngology - at last I could see the
vocal cords properly by using the Zeiss microscope
and Geza's personally designed wide-bore laryngo
scopes. Charles Vaughan and I were delighted to be
able to see the earliest stages of vocal cord cancer

with the help of supravital staining. Ten years later
Geza introduced us to the surgical carbon dioxide
laser - how lucky can one be! Thereafter followed
two decades of head and neck oncology; they were

exciting times of being on the cutting edge of the

investigation of adjuvant chemotherapy in head and
neck cancer.

Finally I had the good fortune to meet Drs James
Gould and Minoru Hirano, who introduced me to the
wonderful world of voice. The last decade of my
career involved me with world-class voice scientists,
voice teachers, and professional singers.

I was a fortunate man, indeed, and it seems as if I
had been a laryngologist all along. That is why being
a Guest of Honor of the ALA is such an enormously
happy occasion for me and Sybil. Thank you, my
friends!

16



PRESENTATION OF THE NEWCOMB AWARD TO PAUL H. WARD, MD

JOHN A. TuCKER, MD

It is a pleasure for me to introduce Dr Paul H.
Ward. I have known Dr Ward since our first year in
medical school. Little did we appreciate then the

creativity of this man. Today he is known for his
boundless energy, his intensity in all he does, and his

straightforward, tell-it-like-it-is honesty. His scien
tiflc contributions are voluminous. His commitment
to the specialty of otolaryngology, teaching, and

research, and to the unselfish support of others is

beyond measure. Dr Ward's dedication to resident

training and to the creation ofnew leaders is exempli
fied by his many students who have become chair
men of their otolaryngology departments. It is only
fitting that the 1992 Newcomb Award recipient be Dr
Paul H. Ward.
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RESPONSE OF THE RECIPIENT OF THE NEWCOMB AWARD

PAULH. WARD,MD

It is with high honor and great pleasure that I
receive the Newcomb Award. I want to thank the
Newcomb Award nominating committee, President
Fredrickson, the Council, and all of the members for
this award. In the past it has been a secret until the

banquet. However, President Fredrickson made it
public and is making me "sing for my supper," so to

speak, and he requested a presentation. He may have
thought a surprise at my age might be fatal. In any
case, I will always cherish the Newcomb Award.
Thank you.
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ADDRESS OF THE RECIPIENT OF THE NEWCOMB AWARD

A RECURRENT LARYNGEAL NERVE IS CUT: WHAT SHALL I DO?

PAUL H. WARD, MD

Injury to the recurrent laryngeal nerve (RLN)
remains a frequent occurrence, particularly during
thyroid and neck surgery. Experience undoubtedly
reduces the risk; however, it may occur in the hands
of the most experienced operators.P Injury to the

superior laryngeal nerves is reported to occur less

frequently and probably in many instances goes un

recognized.' Injury to either, both, or combinations
of these nerves is probably more common than the

reported 0.3% to 17%. Many methods of treating the
unilateral postoperatively paralyzed RLN have been
described.v'? After observation of the results in hu
mans and in animal experimentation, the preferred
method remains controversial for some surgeons.

The thesis of this communication is to demonstrate
to all surgeons, but particularly to residents, how
misadventures in some of our patients can provide a

unique research opportunity that may surpass much

expensive research that we conduct, ifwe only recog
nize and avail ourselves of the opportunity.

During. my career I have been the responsible
surgeon participating in the unintentional division
andreanastomosis of two RLNs. Using modern tech

nology such as cinelaryngoscopy and voice record

ings, it was possible to gain information on the

appearance and functioning of the larynx and the
voice. Other observers have performed RLN-RLN
reanastomosis, and have described good and poor
results.6,8,11,12 Doyle et al13 observed almost complete
return of function after RLN-RLN anastomosis. This
must have been a fortuitous reapproximation of the
nerve bundles, since most authors' findings corre

spond with those described by Siribodi et al, 11 who
found return of electromyographic activity but lim
ited movement. They believed the aberrant regenera
tion of the adductor and abductor fibers accounted for
the lack of function. The term commonly used for this
is laryngeal synkinesis.

Crumley12 originally opposed RLN-RLN reanasto

mosis. He was worried 'about possible airway" ob
struction during inspiration, due to hypertrophy and

medial bulging of the reinnervated synkinetic thyro
arytenoid muscle. In recent personal communica
tions Crumley indicated he now favors RLN-RLN
anastomosis rather than anastomosis of the RLN to

other muscles (ie, ansi hypoglossi, phrenic, or supe
rior laryngeal nerves).

What should be done with the two ends of this
severed RLN? Reanastomose them! In video .and
cinelaryngoscopically documented cases the post
recovery phenomena have been similar. What hap
pens to the appearance of the larynx and the voice?

The paralyzed vocal cord is initially in the so

called median paramedian position and the voice is

initially weaker but relatively good. At 2 to 3 weeks
the cords begins to slowlyatrophy and move laterally
with a wider glottic chink. At 2 weeks both patients
had diplophonia. Thereafter, videolaryngoscopy was

performed at weekly, then monthly, intervals. At 6
weeks both had improving glottic closure and voices.
At 4 months and 6 months, respectively, both patients
had essentially normal speaking voices. The left

paralysis appeared to return its muscle bulk in 6
months, while the patient with the rightRLN achieved

significant hypertrophy, good glottic closure, and a

normal speaking voice at 4 months. Whether the

length of the right versus the left RLN plays a part,
and how much compensation plays a part, are still not

answered.

In summary, as the audience in this presentation
will observe in the videotape recordings, there is

initially a reasonably good but breathy voice, deterio

rating with muscle atrophy to a weak diplophonia
voice at 2 weeks, and then showing gradual compen
sation and recovery as the muscle bulk returns with
reinnervation.

Should it not happen this way in future cases, the
RLN or its branches can always be selectively recut

and Teflon injection or other medialization or

reinnervation procedures attempted. My advice, as it

always has been, is "Always make ends meet." Re
anastomose that divided RLN.
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PRESENTATION OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION
AWARD TO MICHAEL TER-POGOSSIAN, PHD

JOHN M. FREDRICKSON, MD

Dr Michael Ter-Pogossian was born in Berlin,
Germany, and received his bachelor's degree from
the University of Paris. In 1947 he traveled to the
United States and earned his PhD degree at Washing
ton University in St Louis, Missouri. He began as an

instructor in 1950 and became a Professor of Bio

physics in 1964 and Professor ofRadiation Science in
1973.

'

His career is remarkable. His list of honors is
extensive, culminating in membership to the Institute
of Medicine in the Academy of Science in 1987.

Perhaps this brilliant gentleman's crowning achieve
ment was the development of the positron emission

tomography (PET) scanner. For his great achieve
ment, we are honoring him today as our 1992 Ameri
can Laryngological Association Award recipient.
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PRESENTATION OF THE GABRIEL F. TUCKER AWARD TO
BRUCE BENJAMIN, FRACS, FAAP

WILLIAM R. HUDSON, MD

-

Gabriel F. Tucker, Jr, in his will, provided a sum of

money to be used in recognition of outstanding con

tributions in the area ofhis primary interest, pediatric
laryngology. The Gabriel F. Tucker Award honors
both Gabe and his distinguished father, Gabriel F.
Tucker, Sr. Previous awards have been presented to
Seymour R. Cohen, Charles F. Ferguson, BlairFearon,
Gerald B. Healy, and John A. Tucker. The recipient
ofthe 1992 GabrielF. Tucker Award is Dr Bruce Neil
Proctor Benjamin of Sydney, Australia.

In 1985, Dr Benjamin received the Chevalier Jack
son Award from the American Broncho-Esophago
logical Association. In his acceptance remarks he

paid tribute to those who had encouraged him the
most - Dr Blair Fearon, Dr Seymour Cohen, and Dr
Gabriel Tucker. This expression of gratitude to Dr
Tucker from Dr Benjamin adds a personal dimension
to this award. I know Gabe would be pleased with this
selection.

Dr Benjamin received his MB and BS from Sydney
University, Sydney, Australia, in 1956, and the Dip
lomate of Laryngology and Otology degree in 1961.

He was appointed Chairman -of the Ear, Nose and
Throat Department of the Royal Alexandra Hospital
in 1961 and remains in that post. He holds member

ship in numerous prestigious organizations, both in
his own country and internationally. These organiza
tions include the Royal Australian College of Sur

geons, the Australian Paediatric Association, the
Australian Association of Paediatric Surgeons, the
American Broncho-Esophagological Association, the
American Academy of Pediatrics, and the American

Society for Head and Neck Surgery. Dr Benjamin is
a member of the Collegium Oto-Rhino-Laryngologi
cum Amicitiae Sacrum, a founding member of the
American Society ofPediatric Otolaryngology, and a

Corresponding Fellow of the American Laryngologi
cal Association. His publications are extensive and
include widely used textbooks illustrating his clinical
and photographic skills. Dr Benjamin has received

many honors, including the Order of the British

Empire. He is widely sought as a speaker and, indeed,
will be busy during this meeting. It is a great honor to

present the Gabriel F. Tucker Award to Dr Bruce Neil
Proctor Benjamin.
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RESPONSE OF THE RECIPIENT OF THE
GAB�ELRTUCKERAWARD

BRUCE BENJAMIN, FRACS, FAAP

Thank: you, Dr Hudson. I first met Gabriel Tucker
in 1968 in Philadelphia, and with characteristic kind
ness he not only took me to his home and introduced
me to his family, but took me to visit the Chevalier
Jackson Clinic and the Pilling Instrument Company.
That was the start of a long, firm friendship with
Gabriel, and in 1972 my wife and I met Mary Tucker
and Gabriel in Lausanne, Switzerland. We have seen

each other on and off since then. It was only last year
in July that we visited Mary in her home in Chicago.
Mary and Gabriel came to Australia on three occa

sions - happy occasions for them and us. We en

joyed having them. He was a guest speaker at our own

meetings and he was always encouraging and helpful
to me. I have some very fond memories. I am de

lighted to be honored with this award that commemo

rates not only a dedicated laryngologist but a firm
friend.
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INTRODUCTION OF THE 18TH DANIEL C. BAKER, JR, LECTURER,
BRUCE BENJAMIN, FRACS, FAAP

JOHN M. FREDRICKSON, MD

Bruce, you are a double winner this morning. You

always were a winner. It is my pleasure to introduce

you as the Daniel C. Baker, Jr, Lecturer in recognition

of your outstanding contribution to the art and sci
ence of laryngology and rhinology.
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EIGHTEENTH DANIEL C. BAKER, JR, MEMORIAL LECTURE

ART AND SCIENCE OF LARYNGEAL PHOTOGRAPHY

BRUCE BENJAMIN, FRACS, FAAP

SYDNEY, AUSTRALIA

Photography ofthepharynx, larynx, and tracheahas exercised the ingenuity oflaryngologists and photographers for 100 years. There
have been many successful methods. The most reliable and versatile modem system uses a 35-mm single frame, single lens reflex camera

with Hopkins telescopes and a synchronized, automatic exposure, computer-controlled, remote electronic flash generator. The technique
described, which has been used by the author for many years, not only allows excellent visualization and reliable documentation, but

yields consistently reproducible photographs under all conditions.

KEY WORDS - documentation, larynx, photography.

Laryngeal photography has fascinated physicians
since the first successful attempt over 100 years ago
by French! of New York using sunlight from a head
mirror, a laryngeal mirror, and a primitive photo
graphic device. In the 1940s and 1950s Holinger
used the specially constructed Holinger-Brubaker

endoscopic camera.I whichby modem standards was

heavy and cumbersome, but some of the results have
not been bettered even with present-day highly so

phisticated technology. A number of textbooks and
atlases+f feature the pictorial results of various pho
tographic techniques, but they do not give details of
the techniques.

TECHNIQUES

Photography of the laryngopharynx has been
achieved in many ways, including use of a laryngeal
mirror, 70° or 90° rigid telescopes, and flexible

fiberoptic instruments, or by direct laryngoscopy,
sometimes making use of the optics of the operating
microscope. Usually, the more expensive the equip
ment, the more reliable it is and the better the image.
Some of the techniques documented have been indi
rectmirror laryngoscopy? indirect laryngoscopy using
an angled rigid rod lens telescopel'U! in the office,
flexible fiberoptic laryngoscopy,1l,12 and direct lar

yngoscopy. Direct laryngoscopy photographic tech
niques include use of the Holinger-Brubaker cam

era,3 the single lens reflex (SLR) camera with a close
up lens (either a telephoto lens [100 mm] or a macro

lens [50 mm]12), the SLR camera and a close-up lens
with a ring flash, 12 telescopic photography using a 0°
or 30° telescope for both illumination and flash
illumination during direct laryngoscopy in the oper-

ating room,IO,13,14 photography through the micro

scope (photography through a beam splitter,4,13,15 a

photo adaptor attached to the eyepiece.l" and the
"macrolens technique"17), and television monitor
"instant" video prints.15,18

While the flexible fiberoptic instruments are ver

satile and have the great advantage ofpassing around
comers, neither the visual nor the photographic im

age is as good as that obtained with the Hopkins rigid
fiberoptic telescopes.

PROBLEMS AND DIFFICULTIES

Some of the problems encountered by dissatisfied
and frustrated photographers include blurring or dif

ficulty with focusing, improper centering, restricted

depth of focus, inadequate lighting, difficulty with

exposure of the pathologic anatomy, lack ofclarity of
the image, variability in color rendition, inability to

obtain consistent conditions for photography, the
need for more than one operator, inconvenience and
time consumption during an operation, acquisition of

only a small image, the need for a tripod, and, last, the

unpredictability of success. The photographic tech

nique should not be so elaborate or complicated that
it is difficult to use for an endoscopist who is not

familiar with photography.

STATE-OF-THE-ART TECHNIQUE

The technique to be described has been used by the
author with various modifications and improvements
for many years; it allows excellent visualization and
reliable documentation. It depends on the principle of

housing the source of both the lighting for routine

From the Ear, Nose and Throat Department, Royal Alexandra Hospital for Children, and the Ear, Nose and Throat Department, Royal North Shore
Hospital, Sydney, Australia.

Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 11-12, 1992.
CORRESPONDENCE - Bruce Benjamin, FRACS, FAAP, 231 Macquarie St, Sydney, NSW 2000, Australia.
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26 Benjamin, Laryngeal Photography

Fig 1. A) Model 600 through-the-lens computer flash unit and 35-mm camera (Karl Storz GmbH & Co. Tuttlingen, Germany).
B) Model 610 xenon light source for photography and television (Karl Storz Endoscopy-America. Inc. Culver City. Calif).

examination and the momentary brilliant light for

photographic exposure in the same largephotographic
lighting unit. A remote light source provides both
continuous light for visualization and either elec
tronic flash (Fig 1) or pulsed xenon light that is
transmitted by either a fiberglass light-conducting
cable or a liquid-filled light-conducting cable to a

Hopkins rigid rod lens telescope attached to a special
zoom lens on an SLR camera (Fig 2). Hopkins'? of

Reading University invented a rigid rod system made
of tubes ofglass with thin air lenses, thus creating an

increase in light transmission compared to the con

ventional telescope with small glass lenses. All glass
surfaces are multicoated, and the telescope achieves

'

a viewing angle of70° - equivalent to a 28-mm lens
on a 35-mm camera.j?

With this system photographic documentation of
the laryngopharynx, nasal cavities, nasopharynx, and

tympanic membranes can be undertaken in the office.
During endoscopy in the operating room the tech

nique can be applied notonly to all areas ofthe larynx,
but to the tracheobronchial tree, esophagus, and

paranasal sinuses. It has a success rate close to 100%
in both adults and children and is withoutquestion the
most reliable and simple technique. It is versatile and

easy to use, and the image quality and color bf35-mm
transparencies cannot be bettered. Any area acces

sible to a telescope can be readily and reliably photo
graphed, so routine documentation is now a practical
reality.

Details of photography of the larynx and trachea
will be described under the headings Equipment,
Anesthesia, and Photographic Technique.

EQUIPMENT

Light Source. There are many light sources (eg,
halogen.quartz iodine, xenon), and some have been

adapted for photography. The illumination from a

xenon light source can be easily boosted when a

photograph is taken, but the best photographic light
ing is electronic flash. Small sealed flash tubes at

tached to the telescope were used some years ago, but
have been replaced by the larger computer flash
units. The latest and most advanced model 600 light
box (Fig 1) provides both continuous bright halogen
light for viewing or use with a video camera and
electronic flash for photography. The automatic light
metering is provided by an SLR camera body (or
more recently by a meter actually in, the zoom lens

itself).
There is an audible signal when the flash is fully

charged and an automatic reminder of three audible

"beeps" after the photograph has been taken to indi
cate when photographic conditions have been opti
mal and the exposure has been successful. If the

photographic field is too far distant and the light
intensity cannot illuminate the area adequately, the
audio indicator remains silent. The unit has a 250-W
cold light halogen lamp with continuous light adjust-

Fig 2. Laryngeal photography using rigid telescope dur

ing suspension laryngoscopy under general anesthesia.
Left hand sets zoom lens and adjusts focus.
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Fig 3. Newest camera for endoscopic photography. with
automatic electronic light meter now integrated into zoom

lens.

able in four steps of intensity for routine examination,
and there is a built-in spare lamp that can be switched
on should the first lamp fail. A choice of two outlets
for flash is available. The unit is used with automatic

through-the-Iens (TTL) computerized flash metering
for precise and accurate exposure. There is an anti
fog airpump to avoid fogging of the telescope objec
tive, but a simple and effective alternative is applica
tion of an antifog solution immediately before the
telescope is used.

This sophisticated system, although expensive,
gives uniform picture quality and optimal exposure;
-its operation has been found reliable over years of
regular use.

Camera. An SLR camera (Fig 2) with automatic
light metering is used with the TTL computer flash
unit for endoscopic still photography. The function
controls on some camera bodies have a choice of

center-weighted "spot" metering or "peripheral"

metering to measure light reflected from the film. For

laryngeal photography the difference is seldom im

portant. The camera must have a modified plain,
clear viewing and focusing screen to admit sufficient
light through the telescopes for a brighter and better
defined image and accurate focusing. An electric

synchronization cable connects the hot shoe on the

top of the camera to the multipin plug on the front of
the lighting unit. The camera body has built-in motor

drive for film advance, allowing photography to be

performed every few seconds (as soon as the capaci
tor has charged the flash unit), and there is an optional
data display camera back (for imprinting figures and
letters on the film) interchangeable with the standard
camera back.

Lens. The special zoom lens with a focal length
variable from 70 to 140 mm attaches to the frontofthe
camera body, and there is a spring-loaded adaptor
with quick-fitting attachment on the front of the lens
to lock the Hopkins telescope securely into place.
This well-known zoom lens has recently been im

proved by addition of an integrated electronic light
meter for automatic exposure metering within the
lens itself (Fig 3), thus having the advantage that it
can be used with any SLR camera body.

The size of the image on the film is determined by
the focal length of the lens together with the diameter
and angle of view of the telescope (Fig 4). Choice of
a longer focal length gives a larger image that almost
fills the screen, producing a partly circular, partly
rectangular image. Final focusing is achieved by
turning an easy-to-use focusing ring on the lens.

As an alternative to a zoom lens a fixed focus
conventional 80-mm or loo-mm "standard" lens
with a suitable mount adaptor can be used, but there

Fig 4. A) Taken with 1.9-mm-diam
eter telescope. B) With same focal
length. taken with 5.S-mm telescope.
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Fig 5. Nasopharynx with 120° telescope placed retro

palatally, showing unilateral posterior congenital choanal
atresia.

is no choice of image size, the diameter of the image
depending on the particular telescope used.

Film. Kodak daylight film has a fine grain and

good color tone reproduction. Ektachrome IS0200
and Kodachrome IS0200 (or any comparable film)
are the standard films for taking color transparencies.
Ektachrome ISQ400 can be used if faster film is

required - for instance, wide shots from a distance
in the laryngopharynx or for photography of the

nasopharynx with a 120° telescope (Fig 5).
Black-and-white film of suitable speed gives ex

cellent results. Nevertheless, 35-mm color film is
used almost exclusively, as the transparencies can be

copied, enlarged, and made into prints in color or

black and white.

Telescopes. Rigid Karl Storz (or similar) Hopkins
rod lens endoscopic telescopes are used. Telescopes
with the circular objective viewing rod lens sur

rounded on one side by light-carrying fibers in a

crescentic shape are satisfactory, but the new Hopkins
II telescopes whose circular viewing rod lens is

centrally placed and surrounded by three symmetri
cally placed light-carrying segments provide even

illumination and almost unlimited photographic ca-

pabilities. The 0°, lO-mm-diameter, 20-cm straight
forward telescope (Karl Storz 8701AG) is recom

mended as the standard for documentation at direct

laryngoscopy. The 0° 5.8-mm-diameter 20-cm tele

scope (8700A) can be routinely used for children and
adults and also gives good photographs. Angled
telescopes are used for photography of the laryngeal
ventricle, posterior glottic space, and anterior sub

glottis (870lBG 30°, lO mm diameter, and 8700B
30°, 5.8 mm diameter, are recommended). For the
tracheobronchial tree, the Hopkins II telescopes
27005A (0°, '4.0 mm, 30-cm length) and 27005B
(30°, 4 mm, 30-cm length) are recommended. The
new telescope 26006A (0°, 5 mm, 30-cm length)
gives excellent results in the trachea and esophagus in
both adults and children.

Telescopes by other manufacturers can be used,
but the image quality and clarity and the range ofsizes
of the Karl Storz telescopes for photography and
television documentation are excellent. They have a

predictable standard brightness (except with very
fine telescopes in which light transmission is limited)
and uniformity from one size to the other.

Laryngoscopes. There are many designs of

laryngoscopes, and each has its advantages and dis

advantages for photographic use. Personal prefer
ence will determine the selection for each patient,
depending on the difficulty of insertion according to

the prominence of the teeth, size of the tongue, pha
ryngeal anatomy, neck extension, and the site and
size of the laryngeal lesion. Broadly, there are three

types of laryngoscope: hand-held, suspension, and

special-purpose.
Hand-held laryngoscopes for diagnostic examina

tion include instruments designed by Jackson and by
Holinger, the Storz side-slotted pediatric set of four,
and the Parsons pediatric set of three. These instru
ments can be used in front ofor behind the epiglottis.
Some can be suspended, some have design features to

Fig 6. Lindholm laryngoscope. A) Wide view oflaryngopharynx. B) By angling 0° telescope, pyriform fossa is seen,
as well as larynx.
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Fig 7. letventilation anesthesia al
lows good photography. A) Prox
imal jet cannula (Karl Storz) in
side laryngoscope. Metal cannula
is slightly malleable, to direct jet
into open glottic space for maxi
mum ventilation. B) Normal glot
tis seenwithBenjetanesthesia tube
in posterior glottic space. Tube
can be displaced into anteriorcom

missureby laryngoscope forexam

ination or operation in posterior
glottic space.

assist visualization of the anterior commissure, some

are slotted, some have slides, some have proximal
lighting, some have distal lighting, and some have
side channels either outside or inside the lumen for
insufflation of anesthetic gases.

Suspension laryngoscopes free both hands for

microlaryngeal or laser surgery. Commonly used

laryngoscopes include the Jako, the Dedo, the

Nagashima, the Lindholm, the Kleinsasser set of
five, and the Benjamin pediatric. The Lindholm is
ideal for photography. Placed in the vallecula, in
front ofthe epiglottis, there is apanoramic view ofthe

laryngopharynx (Fig 6A), not only of the vocal cords,
but also of the epiglottis, aryepiglottic folds, and

pyriform fossae (Fig 6B). The Benjamin slimline
binocular microlaryngoscope and subglottiscope is

sufficiently wide for binocular viewing using the

microscope, yet narrow enough to allow examination
of the larynx when other, larger instruments have
failed. It is essential for adult patients in whom the

larynx is difficult or impossible to visualize and

photograph with standard instruments, and it gives
excellent exposure of the subglottic region.

The recently releasedBenjamin-Lindholmlaryngo
scope for infants gives a remarkably wide exposure
of the larynx and pharynx and is easily suspended so

that telescopes can be used to precisely examine and

photograph not only the larynx, but also the tracheo
bronchial tree.

Special-purpose laryngoscopes have special de

sign features and include the Holinger anterior com

missure laryngoscope, the Benjamin slimline laryn
goscope, the distending operating laryngoscopes (eg,
Weerda), and the Kantor-Berci video laryngoscope.
The Kantor-Berci video microlaryngoscope is de

signed for documentation and for use with a video
camera so that microsurgery can be performed by
viewing the television monitor. It is claimed that the

system substitutes for the conventional binocular

operating microscope. It has disadvantagesl'': it is
difficult to insert in some patients, it exposes only the

glottic level, and the telescope and smoke evacuator
cannulae can interfere with the passage and manipu
lation of instruments. However, the principle of a

"fixed" unchangeable field is good for documenta
tion, and a similar system adapted for use in other

laryngoscopes would assist photography.

Bronchoscopes. The trachea, carina, and main
bronchi are most conveniently examined in detail and

photographed, not necessarily using a bronchoscope,
butby means ofa longer telescope passed through the

glottic opening with the larynx in suspension while

general anesthesia continues.

Tracheobronchoscopy can be performed using a

ventilating bronchoscope to maintain anesthesia

through the open tube while it is in the tracheobron
chial tree. A bronchoscope is necessary for removal
of a foreign body, for efficient suction of thick, trou

blesome secretions, to pass through a collapsed seg
ment, and, sometimes, to pass into a main bronchus
so that the segmental and subsegmental openings can

Fig 8. Ectopic salivary gland tumor (photographed with

30-cm-Iong, 5-mm-diameter 00 telescope) in lower tra

chea, almost totally obstructing right main bronchus.
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Fig 9. Close-up photography. A) Smooth polyp. B)
Irregular mass of papillomas.

ANESTHESIA

The anesthetist and the surgeon must cooperate
closely to share access to the laryngeal airway -

sometimes a narrow, partly obstructed, compromised
airway. For photography it is vital to work with an

anesthesiologist who is patient.
In the operating room, under general anesthesia,

the patient lies in the supine position on a regular
operating table. There is no need for a head rest or for

be examined and photographed with the 300 or 700
telescope passed through the bronchoscope itself.

Fig 10. Normal glottis. A) With Benjet tube in posterior glottic space. B) With 300 forward-viewing telescope,
showing anterior commissure of both true vocal cords and false vocal cords and "hidden" area between them. C)
Same area as in B, butwith 700 telescope, showing anterior subcommissure and anterior part ofventricles. D) Normal
ventricle seen with 300 telescope angled to right.
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an assistant to hold the head and neck.

Photography should, wherepossible, beperformed
with no anesthetic tube or with a very small, narrow

diameter tube. A cuffed endotracheal tube, even the
smallest microlaryngoscopy tube, is a partial ob
struction and obscures the posterior glottic and sub

glottic spaces.

In adults good conditions for photography are

provided by a relaxant anesthetic technique with jet
ventilation, either through the 2.8-mm outside diam
eter Benjet intratracheal tube or through a proximal
jetting cannula firmly attached within the proximal
lumen of the laryngoscope (Fig 7). When a proximal
jet cannula is being used, intermittent jetting can be

stopped temporarily for photography so that there is
no movement that might blur the photograph.

In children excellent photographic conditions are

provided by an inhalational technique using insuf
flation of halothane, nitrous oxide, and oxygen that

requires no endotracheal tube (Fig 6A). With all

techniques topical local anesthesia is applied to the

Fig 11. Endoscopic technique for photography
oflaryngeallesions. A) Thirty-degree telescope
reveals smooth tumor (lipoma) protruding into
roofof right ventricle from false cord. B) Zero
degree telescope shows small tumor. C) Thirty
degree telescope shows full extent of small
squamous cell carcinoma in B.

mucous membranes of the larynx and upper trachea.

Photography must never put the patient at risk.
Anesthesia and photography in inexperienced hands
could jeopardize the patient's safety, but this situa
tion must not be allowed to occur.

PHOTOGRAPHIC TECHNIQUE

A laryngoscope, selected for maximum exposure
of the larynx to clearly display the anatomic lesion, is

positioned at naked eye laryngoscopy and suspended
by a laryngoscope holder so that the endoscopist is
free to use both hands for photography (Fig 2). As an

alternative, photography can be achieved with a

laryngoscope held in the left hand while the camera

and the telescope are controlled by the right hand, but

manipulation of the zoom lens and the focusing
mechanism is awkward. The control can be preset or

adjusted by a second person. It is usually more

convenient to have a suspension laryngoscope in

place so that two hands can be used. To avoid fogging
of the cold telescope when it is first introduced, a
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demisting solution can be used, or the tip can be

dipped in warm water before use.

A telescope appropriately selected for its length,
diameter, and angular view is fitted to the front of the

,

zoom lens, and a light cable is connected to the

telescope from the TTL flash unit. With a finger or

fingers placed on the anterior neck to apply external

pressure and with gentle internal counterpressure
from the beak of the laryngoscope, the laryngeal
structures are manipulated or rotated to better display
the false vocal cords, ventricles, or subglottic larynx
and the lesion. All photographs are taken with the
shutter speed set on 111s of a second. The focal length
is chosen between 70 and 140 mm, and during unin-

Fig 12. Endoscopic technique for photography oflaryn
geallesions. A) Technique of"rolling" acquired anterior
web to reveal irregular patches of leukoplakia. B) Mod
erate-size vocal granuloma arising from vocal process of
left arytenoid before removal with carbon dioxide laser.

C) Before and D) after injection ofTeflon paste for left
sided vocal cord paralysis.

terrupted visualization of the larynx through the
viewfinder of the SLR camera, the focus is finely
adjusted, the composition is optimized, and, finally,
the shutter is activated - a process usually taking
less than 30 seconds.

Photographs can be taken by using an optical
device to split the observed image - a "beam split
ter." The Wittmoser multiarticulated optical arm has
four joints and five segments. Its dual beam splitter
can be changed from50%/50% for examiner and
observer to 10%190% for documentation using a 35-
mm still camera, a movie camera, or a television
camera. The superb image quality ensures that little
detail is lost by transmission through the additional
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five Hopkins rods to the camera. The advantage of
this system is that there is no interference at any time
to the view of the endoscopist.

Photography of the subglottic region, trachea (Fig
8), carina, and main bronchi is an extension oflaryn
geal photography and can be accomplished most

easily while the suspension laryngoscope is in place
by using a longer, 30-cm telescope, either 4.0 or 5.0
mm in diameter. Use of a bronchoscope is seldom

necessary except, for example, with an inhaled for

eign body or where there is tracheal compression or

collapse.

With the same equipment, the cooperation of the

patient, and use of topical anesthesia, telescopic still

photography can be accomplished in the office by
means of the TTL computer flash unit. The best
results are with a wide-diameter indirect rigid laryn
gopharyngoscope such as the Berci-Ward laryngo
pharyngoscope (Karl Storz 8702K), the telelaryngo
pharyngoscope (Karl Storz 8704K) with 4x magnifi
cation and a focusing device, the Stuckrad mag
nifying laryngopharyngoscope (Wolt), or the Naga
shima SFT-1 right-angled telescope with an integral
light transmission cable. These rod telescopes are

about 10 mm in diameter. The strobolaryngoscope
telescope (Karl Storz 8706CJ; outside diameter 8.5
mm) has a 70° angle to provide a better view of the
anterior commissure and is recommended for diag
nostic and photographic laryngoscopy in the office.

Fig 13. Endoscopic technique for photography of laryn
geal lesions. A,B) Different aspects of moderate-size
congenital glottic web with A) 0° telescope and B) 70°
telescope. Relationship ofweb to vocal folds can be seen.

Posterior edge is thin, but anterior thickness is difficult to

assess by endoscopy. C) Close-up view of rare anomaly,
congenital interarytenoid web.

Many variables affect the overall appearance and

impact of the photograph. Are the colors pleasing? Is
the image in sharp focus? Is the exposure correct?
Even though exposure is "automatic," thepresence of
a dark central glottic triangle can sometimes result in

overexposure of the surrounding tissues. Can the
viewer readily orient the picture and identify the
features? Is the pathologic change easy to see, prefer
ably allowing comparison of a normal side to an

abnormal side? If there is distortion of the larynx, are

there recognizable reference points? Symmetry and

centering of the image are important. From one pho
tograph to another, the laryngologist should strive for

consistency. When the Kantor-Berci laryngoscope
provides adequate visualization, the fixed telescope
for documentation always gives the same field -

very useful in showing the sequence of an operative
procedure.

The usual format of endoscopic photographs has
been circular. Now, with high-definition close-ups
(Fig 9), some become rectangular, but the classic
circular shape is used by most photographers.

The normal laryngeal anatomy, viewed with vari
ous telescopes, is familiar to the endoscopist (Fig 10).

Photography can be used to illustrate points in

endoscopic technique. Unsuspected disorders in oth
erwise "hidden" parts of the ventricle (Fig l1A) can

be discovered and small lesions seen more clearly
(Fig IIB,C) when the angled telescopes are used.

Figure 12A shows small but important changes hid-
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ing under the edge of an acquired web. Figure 12B
shows the typical site of a vocal granuloma before
laser removal. The hemilarynx can be photographed
before and after Teflon injection for augmentation
and medialization (Fig 12C,D). A congenital glottic
web takes on a different perspective when seen with
a 00 (Fig 13A) or a 700 (Fig 13B) telescope, and the

abnormality in a congenital interarytenoid web can

be seen in detail (Fig 13C). The inspiratory (Fig 14A)
and expiratory phases of laryngomalacia (Fig 14B)
clearly explain the cause of stridor. The contrast

between typical vocal nodules (Fig 14C) and atypical
changes (Fig 14D) is graphic. Representation of the

subglottic edema ofcroup (Fig 15A) and the frighten
ing supraglottic obstruction of acute epiglottitis (Fig
15B,C) in photographic form is unequaled for teach

ing.

Fig 14. Endoscopic technique for

photography of laryngeal lesions.
A) Inspiratory and B) expiratory
phases of laryngomalacia show
cause of inspiratory stridor. Video
recording shows dynamic laryn
geal changes more vividly. C)
Usual appearance of vocal nod
ules contrasts with D) atypical ap
pearance in woman in her thirties
whohad refused to have treatment
for many years.

SUMMARY

Many methods have been used successfully for
both black-and-white and color 35-mm single frame

laryngeal photography. The most reliable and versa

tile system for good-quality documentation uses a

35-mm single frame SLR camera with Hopkins tele

scopes and a synchronized automatic exposure elec
tronic flash generator. Consistently reproduciblepho
tographs taken under both good and bad conditions

by both the expert and the novice are a practical
reality, and in experienced hands the system is rela

tively safe for the patient, even in small infants or

where there is partial airway obstruction.

Forbest results the endoscopic photographer should
have a good knowledge of the normal and pathologic
anatomy, of the optical principles of the system, and
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of the photographic equipment.
The choice of equipment for the individuallaryn

geal surgeon depends on his or her needs, his or her

ability to use the equipment successfully, and the
cost. With the latest equipment, routine photographic
documentation ofany area accessible to a telescope is
a practical reality. Exposure is automatic, close-up
photography is possible, and the Hopkins telescopes

Fig 15. Endoscopic technique for photography
oflaryngeallesions. A) Acute laryngotracheitis
("croup") with severe subglottic obstruction and
small. slitlike anteroposterior airway. No su

praglottic inflammatory change. B) Dramatic
supraglottic obstruction of acute epiglottitis is
C) relieved after endotracheal intubation.

allow a wide latitude in the depth of focus. Documen
tation offers positive proof, for example, to the

oncologist consulted for treatment of malignancy.
For teaching purposes the image quality with natural
color reproduction of 35-mm photography cannot be

equaled. Laryngeal photography is an interesting,
exciting, and beautiful representation ofboth normal
and diseased airways.
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Experience with laryngotracheal reconstruction (LTR) has resulted in and continues to yield m'odifications and refinements in

approach and technique with the goalto restore and maintain total laryngeal function. In addition to airway obstruction, the laryngeal
functions of phonation and swallowing also may be affected by the underlying injury as well as by procedures designed to enlarge the

airway. This paper discusses various problems encountered with phonation and swallowing in pediatric patients who underwent LTR
and postoperative patients who were seen during the year July 1, 1990, through June 30, 1991. Phonation problems became apparent as

long-term difficulties that persisted after tracheotomy decannulation. Swallowing was frequently a short-term perioperative problem
while a stent was in place following LTR. The approaches and techniques that have been employed to treat, minimize, and prevent these

problems are discussed.

KEY WORDS -laryngotracheal reconstruction, laryngotracheal stenosis, phonation, swallowing, voice.

INTRODUCTION

Surgical therapy of laryngotracheal stenosis has
made many advances. Laryngotracheal reconstruc
tion (LTR) aims to enlarge the lumen of the air

way and permit tracheostomy decannulation. Good
success has been reported with a variety of tech

niques.l+ Further advances in laryngeal surgery have
come about with conservation laryngeal surgery for

laryngeal carcinoma- and external framework laryn
geal surgery (thyroplasty) in the treatment of glottic
insufficiency and vocal pitch disorders.f Implicit in
the application of these techniques is a recognition of
the threefold function of the larynx - airway, phona
tion, and swallowing. Laryngeal surgery designed to

address one aspect of laryngeal function may neces

sarily affect the other functions of the larynx.

The primary goal ofLTR surgery is improving the

airway. Tracheostomy decannulation has been a high
priority in infants and children because of the rela

tively high morbidity and mortality associated with

pediatric tracheostomy.7 Another impetus for trache

ostomy decannulation in children is to aid in develop
ment of speech and language. The presence of a

tracheostomy impairs speech development if the tra

cheostomy is present for lengthy periods extending
into the linguistic stage.f Phonation in the child with
a tracheostomy is impaired by the diversion of air-

flow from the larynx and the underlying stenosis of
the subglottic or tracheal lumen. In severe cases, this
results in total obstruction of laryngeal airflow with

resulting aphonia. As these children are operated on,

decannulated, and followed up in the long term, the
effects of laryngotracheal stenosis and the proce
dures used to treat it can be evaluated for their effect
on global laryngeal function, including phonation
and swallowing.

Phonation following pediatric LTR has been as

sessed in limited retrospective reviews by several
authors. Zalzal,9 in a study of the treatment of poste
rior laryngeal stenosis in a small series of patients,
surveyed the voice quality as assessed by the house
hold member who spent the most time with the

patientbefore and after surgery. Of the 8 patients with

preoperative normal voice quality, only 2 had a

postoperative normal voice quality, with 6 patients
reported as having a hoarse or husky voice quality.
Voice intelligibility improved in 4 patients, wors

ened in 2, and did not change in 3. Maddalozzo and

Holinger'? reported in a series of 20 children who
underwent LTR that hoarseness was not an infre

quent problem in those who required stenting. Cot
ton 11 reported on 61 patients who underwent LTR
with posterior or anterior and posterior costal carti

lage grafts. Because patients frequently lived far
from the center in which reconstruction was per-
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formed, quality of voice or cry was assessed by a

survey of the patient or parent in a manner similar to

that ofZalzal.9 The subjective assessment was that in
3 cases the voice was felt to have been made worse.

In 23, there was no difference in the voice, and in 35
the voice quality had improved. The duration of

stenting was found to be correlated with postopera
tive voice assessment, in that better voice results
occurred when the duration of stenting was 12 weeks
or less.

There are few objective studies of voice problems
following pediatric LTR, but those available provide
a more detailed view of the problem. They include

perceptual studies, acoustic analysis, and fiberoptic
laryngoscopic examination. Sell and MacCurtain 12

reported on the speech and language development in
16 children with subglottic stenosis who underwent
LTR. Their perceptual evaluation categorized only
31 % with an acceptable voice, 38% with a moder

ately abnormal voice, and 31 % with a severely abnor-
I

mal voice. The vocal pitch was usually low, with a

rough and breathy quality. In the same group of

patients, Keams et al13 reported fiberoptic nasopharyn
golaryngoscopy findings of anterior commissure

blunting, false vocal fold phonation, anterior over

folding of the arytenoids, and poor or limited move

ment of one or both arytenoids. Zalzal et al14 studied
the post-LTR voice quality using perceptual rating
scales and multiple listener assessment in 16 patients
who underwent LTR and decannulation. Fifteen of
the 16 patients had aberrant voice quality, character
ized by low pitch and breathy and hoarse voice. Smith
et al15 studied 8 patients with perceptual ratings and
acoustic measures, as well as videolaryngostrobos
copy. The voices were characterized by low pitch,
diminished pitch range, decreased intensity, and short
ened phonation time compared with age- and sex

related norms. Reverse (inhalational) phonation was

observed in 3 patients, and 3 patients used supraglottal
constriction to phonate. Laryngoscopy and laryngo
stroboscopy demonstrated severe glottic incompe
tence in.2 patients, vocal fold asymmetry in stiffness
and/or position (eg, absence of mucosal wave, vocal
folds on different levels) in 3 patients; and phonation
using supraglottic structures in 3 patients. These

reports are the first to document phonation problems
encountered in pediatric LTR patients and under
score the need for attention in this area.

It has been our impression also from long-term
follow-up that voice and resultant speech quality and

intelligibility have been a problem for some patients,
with impairment of ability to communicate at school
and in social interactions. This becomes more of an

issue as children develop linguistically and enter the

social environment. Although assessment of long
term objective outcomes is not yet possible, we felt it

important to address this issue, realizing that the
outcome of LTR performed on young children may
have effects in terms of phonation that may only
become apparent years later.

.

c

Swallowing problems in pediatric LTR have been
seen as a problem associated with the endolaryngeal
stent. Maddalozzo and Hollnger'? reported in their
series that transient aspiration was commonly seen

for 2 to 4 days following stent removal. Gray et al16
found that some degree of dysphagia and aspiration
was seen universally after LTR in the early postop
erative period, related mainly to the presence of a

stent. This lasted usually for 7 to 10 days. In the long
term, swallowing problems have not been seen gen
erally, as reported by Zalzal9 in his series ofposterior
cricoid cartilage grafts. The observation ofphonation
and swallowing disorders following LTR prompted
us to review our experience in this regard. Modifica
tions and changes in our approach that aim to prevent
or minimize these problems are discussed.

METHODS

A review was conducted of the operative experi
ence of LTR for the year July 1, 1990, to June 30,
1991. Sixty-three LTR procedures (37 primary and
26 revision) were performed on 56 patients; 38 were

boys and 18 were girls. Five patients underwent 2
LTR procedures, and 1 patient underwent 3 LTR

procedures during this period. Ages ranged from 4
months to 19 years. Twenty-nine (51 %) of the pa
tients were 3 years of age or younger. Excluded from
this series were 7 tracheal reconstructions, since

swallowing and phonation problems were not seen in
these patients. The procedures all were performed at
the Children's Hospital Medical Center, Cincinnati,
Ohio. Follow-up visits and endoscopy also were con

ducted on patients who previously underwent LTR at
this institution. Speech pathology referral was made

routinely. Phonation results were assessed compre
hensively in 2 patients in the study group, as well as

6 others who were decannulated prior to the study
pcriod.P These patients were selected because of

dysphonias manifest following extubation or decan

nulation in children age 4 or older who could cooper
ate for examination. On the basis of experience in
care for these patients, aspects of phonation and

swallowing were reviewed specifically.

RESULTS

A summary of the procedures performed is given
in Table 1. Cartilage grafts were used in 50 cases. The
stent types are listed in Table 2, along with average
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Procedure
No. of
Cases

Anterior graft
Posterior graft
Anterior and posterior graft
Anterior split
Anterior and posterior split
Anterior and posterior split and anterior graft
Four-quadrant split
Partial cricoid resection

21

19
8
3
8
2

5
2

Cartilage grafts in all cases were autogenous costal cartilage, except for
auricular cartilage used in four cases. In some cases, more than one

procedure was employed, eg, four-quadrant split and posterior graft.

�ten�ing duration. The splitprocedures, withoutgraft
mg, m nearly all cases were done in combination with

placement of a "wired in" stent or Montgomery T
tube. The above-stoma stent was associated with

placement of a cartilage graft in 27 of 29 cases.

Phonation. Prior to LTR, phonation problems were

anticipated in 16 patients. Fifteen of these had under

gone prior LTR. Findings included stenosis and scar

ring involving the vocal folds, arytenoid fixation, and
anterior commissure disruption. In 2 previously op
erated cases referred from other institutions forevalu
ation during this study period, prior placement of an

anterior cartilage graft in the middle or superior
portion of the thyroid cartilage resulted in wide
displacement of the vocal folds, with severe distrac
tion of the anterior commissure and resultant marked

glottic insufficiency (Fig 1).

In two cases during LTR, a stent modification was

employed to minimize phonation problems. In both

patients, the airway disorder involved an anterior

subglottic stenosis with no involvement of the mem

branous vocal folds or their undersurface. A stent was

deemed necessary to stabilize an anterior cartilage
TABLE 2. STENT TYPES USED AND AVERAGE STENT

DURATION

Stent Types
No. of
Cases

Average
Stent

Duration

Above-stoma stent

Aboulker 25
Portextube 2
Silicone tube 2

Endotracheal tube (single-stage LTR)
Wired-in stent, tracheal complex
No stent

Montgomery T-tube

Upper limb below
vocal folds 2

Upper limb above
vocal folds 2

LTR -laryngotracheal reconstruction.

29 6wk

15

9

5

4

lOd

3mo

8mo

Fig 1. Placement of cartilage graft into anterior commis
sure of larynx, widely distracting vocal folds with result

ing glottic incompetence. Breathy, weak voice would
result. Graft placement below this level, if possible, is
recommended.

graft. Rather than the Teflon Aboulker stent, a sili
cone cylinder cut from the limb of a Montgomery T
tube was used. It was placed with the superior edge of
the stent no higher than the upper edge of the anterior
rim of the cricoid or lower cricothyroid membrane.
This placement limited formation of granulation tis
sue on the undersurface of the vocal folds in the

tapered subglottic region (Fig 2). The stent was left in

place for 6 weeks. Phonation results following stent

removal were excellent in both cases. A Montgomery
T-tube with the upper limb placed below the vocal
folds in the subglottis was similarly used in two cases.

During the study period, patients who underwent

single-stage LTR underwentperceptual voice assess

ment 3 to 6 months postoperatively. This provided a

Fig 2. Stent placement below vocal folds in subglottis may
be useful in selected cases. This avoids stent pressure
against vocal fold mucosa.
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Fig 3. Long-term endolaryngeal stent made of blue-line
Portex endotracheal tube with beveled edge facing epi
glottis, to prevent aspiration.

group comparable in terms of similar LTR procedure
type, whose voice was evaluable within the study
period. Fifteen patients underwent single-stage LTR
with endotracheal tube stenting. There were 10 pri
mary and 5 revision procedures. Nine had anterior

cartilage grafts, 5 had combined anterior-posterior
cartilage grafts, and 1 had a posteriorcricoid cartilage
graft only. Twelve patients were successfully extu

bated. Nine of 11 patients with a preoperative trache

ostomy were decannulated. Seven patients had nor

mal phonation following single-stage LTR. Four

patients exhibited a moderate degree of dysphonia,
but were too young for objective voice assessment.

One patient had a severely abnormal voice postopera
tively. This patient had severe laryngotracheal steno
sis involving the glottis, had abnormal phonation
preoperatively, and had undergone prior LTR proce
dures. All 5 of the patients with moderately or se

verely abnormal voices had both anterior and poste
rior cartilage grafts placed at LTR. In 3 of these 5
patients the single-stage LTR was revision surgery.

Two patients in the study group with phonation
problems after LTR underwent objective voice as

sessment. Both patients had undergone revision LTR

procedures. Oneexhibited severe glottic insufficiency,
and the other patient had dysphonia related to vocal

.

fold asymmetry and anterior commissure blunting.
Their case histories and voice findings are reported
elsewhere as part of a larger group of patients.P
Further voice studies of the patients decannulated

during this study period are under way.

Swallowing. Swallowing outcome was assessed

by average post-LTR hospital stay in those patients
who required long-term stents. Those patients who
underwent single-stage LTR (endotracheal tube) or

LTR without stenting did not have postoperative

Fig 4. Temporary plug in hole at top of Aboulker Teflon
stent to prevent aspiration during stenting time.

swallowing difficulties. The average hospital stay for

patients with above-stoma stents was 6 days, and for
those with "wired-in" full-length stents it was 8.5

days.
When swallowing difficulties were anticipated

preoperatively, yet a stent was required for LTR,
several techniques were used. The removable capped
end of the Aboulker stent was sewn with nonabsorb
able suture to the stent and used in this fashion. In two

cases, a stent with the upper end below the vocal folds
in the subglottis was used. In two cases, a stent made
of a blue-line Portex endotracheal tube was used (Fig
3). It was placed with the beveled edge facing the

laryngeal surface of the epiglottis. It worked well in
both cases to prevent swallowing difficulties in these

patients who required a long-term endolaryngeal
stent.

In two patients, severe aspiration through the hole
in the Aboulker stent was not ameliorated by diet

manipulation. In these cases, early removal of the
stent was felt to compromise the LTR result. There
fore, a plug was devised and molded ofdental impres
sion silicone (vinyl polysiloxane, Imprint, 3M Co, St
Paul, Minn). With the patient briefly under a general
anesthetic, it was placed endoscopically under direct
vision into the hole at the top of the stent (Fig 4). The

aspiration difficulties resolved immediately in each
case.

For gastroesophageal reflux uncontrolled on medi
cal management, in one case a Nissen fundoplication
was required prior to consideration for LTR surgery.
If a gastrostomy tube was present, it was used for

feedings during the stenting period. No patient was

readmitted for pneumonia during their stenting pe
riod, although many required one or more courses of
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oral antibiotics for purulent secretions while the stent

was in place.

DISCUSSION

Phonation. Phonation is often a secondary consid
eration in the young infant or child with laryngotra
cheal stenosis and a tracheostomy. The primary focus
for parents and physician alike is the airway. Ability
to assess phonation is complicated by the develop
mental age of the child, the presence of a tracheos

tomy, and the variability of the airway disorder.

Frequently these patients are prelinguistic or early in

language development. They may be rendered aphonic
by the stenotic lesion itself. These factors make it
difficult to determine the incidence of phonation
problems in children following LTR. Zalzal et al14
felt that the abnormal voice quality in children after
LTR is from the original laryngeal injury and is

compounded by surgery to correct the stenosis. What

requires attention is the extent to which the airway
disorder and reconstructive surgery contribute to the
final voice result in the individual patient. The as

pectsthatmaybecontrolled - thepreoperativeevalu
ation and LTR surgical options - are those that may
affect the outcome of the voice long after the patient
has been decannulated.

In the preoperative evaluation, vocal cord mobility
is evaluated carefully, especially with posterior glot
tic stenosis. We use laryngeal electromyography
(EMG), applying the technique reported by Koch et

al.!? on occasion to ascertain laryngeal neuromuscu

lar function. Arytenoid position and mobility are

carefully examined, as well as the glottic extent of the
stenosis itself. Severe laryngeal stenosis that in
volves the free margin of the true vocal folds (fused
vocal folds) will adversely affect phonation regard
less of other considerations. The parents should be
counseled preoperatively that in the long term the
voice may not be normal. If the free margins of the
membranous folds are uninvolved, every effort may
then be taken to protect them.

At the time of LTR, special attention to several
anatomic structures of the larynx that affect phona
tion may influence the postoperative voice result.
These include the anterior commissure, the vocal fold
mucosa, the laryngeal nerves, and the arytenoids.

Problems with the anterior commissure have af
fected the postoperative voice result.13,15 The ante

rior commissure and the level ofthe free margin ofthe
vocal folds is at the midpoint between the thyroid
notch and the inferior edge of the thyroid lamina in
children. IS It is advantageous to avoid a complete
laryngofissure through the anterior commissurewhen
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possible. If possible, the superior extent of the inci
sion should extend no higher than one third the
anterior height of the thyroid lamina. Despite de

scriptions fromprevious reports,9,19 complete laryngo
fissure often was not required in our experience in
order to perform a posterior cricoid division, or to

place a posterior cartilage graft. When complete
laryngofissure was necessary, exact reapproximation
of the anterior commissure was found to be crucial to
avoid glottic problems at this level. This was aided by
marking the midline with methylene blue prior to

division. We have observed both blunting of the
anterior commissure and' vocal folds at different

levels, with resultant vertical asymmetry in vibration
of the vocal folds following LTR surgery .15 This has
affected adversely the postoperative voice result.

When an anterior cartilage graft is employed in
LTR, it is important to avoid placing the superior end
of the cartilage graft into the middle of the thyroid
cartilage, as was seen in several patients referred to

our institution. The superior portion of the graft
should extend if possible just to the inferior edge of
the thyroid lamina. Placement of the anterior carti

lage graft in the cricothyroid membrane, between the
cricoid and thyroid cartilages, likely affects the func
tion of the cricothyroid muscle. The action of this
muscle, by drawing the two cartilages together ante

riorly while the larynx rotates on the cricothyroid
joints, results in a stretching and thinning of the vocal
folds, causing elevation in pitch during phonation.
Some limitation in pitch range might be expected in

post-LTR patients with an anterior graft. Pitch limi
tation may manifest when the child is older and

attempts to sing. This question requires further long
term investigation.

Complete anterior laryngofissure also can result in
the posterior displacement of the petiole region of the

epiglottis, with blunting of the anterior commissure
and foreshortening of the anterior-posterior dimen
sion of the supraglottis at or above the false vocal
folds. This postoperative configuration was some

times seen in patients who required multiple LTR

procedures. 1 We hypothesize that repeated complete
laryngofissure disrupts the suspension of the epiglot
tis at the thyroepiglottic ligament and yields fibrosis
in the preepiglottic space.

The vocal fold mucosa is a freely pliable mem

brane when uninvolved with the stenotic process. It
vibrates through interaction with the subglottic air
stream and underlying contraction of laryngeal
muscles to produce the acoustic source for the vocal
tract. The development of scar in the lamina propria
of the vocal fold will inhibit vibration and impair the

postoperative voice. Therefore, it is important to
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TABLE 3. POTENTIAL ADVERSE EFFECfS ON PHONAnON AND TECHNIQUES USED TO AVOID THEM

Procedures TechniquesPotential Adverse Effects on Phonation

Avoid complete laryngofissure. if
possible; avoid graft placement in
anterior commissure; perform exact

alignment of anterior commissure

Avoid excessive graft width; use gentle
retraction of hemicricoid

Use hemicricoid division at midportion
or anteriorly
Minimize stenting time; use single-stage
laryngotracheal reconstruction, if pos
sible; stent below vocal folds, if possible

Anterior laryngotracheal split
and/or graft

Anterior commissure disruption; vocal fold
vertical asymmetry; cricothyroid muscle
dysfunction; supraglottic collapse

Posterior laryngotracheal split
and/or graft

Four-quadrant split

Increased glottic gap; impaired arytenoid
adduction; arytenoid subluxation

Recurrent laryngeal nerve injury

Stents Scarring of vocal fold mucosa; impaired
arytenoid mobility

avoid trauma to the vocal fold mucosa during LTR.
One possible source of trauma is the endolaryngeal
stent. The stent, although lying mainly in the poste
rior glottis and abutting the vocal processes of the

arytenoids, also may contact the free edge of the
anterior vocal folds. This prolonged endolaryngeal
intubation may result in vocal fold scar formation.

I

In a goat animal study of the effect of long-term
endolaryngeal stents on the larynx, disruption of

laryngeal mucosa and the underlying tunica elastica,
particularly in the posterior glottis, was observed in

preparations thatunderwentendolaryngeal stent place
ment for 3 months.P Squamous metaplasia of the

posterior glottic mucosa was seen, as well as erosion
of the vocal process. Epithelial hyperplasia and fi
brous proliferation in the submucosa anterior to the
vocal process were observed. Leonard et al21 studied
the effect of7-day intubation in small dogs. Larynges
harvested 5 weeks after extubation exhibited epithe
lial disruption, hypertrophy of the epithelial layer,
and proliferation of subepithelial connective tissue.
These changes, although mainly in the posterior
glottis, also were observed in the membranous fold
anterior to the vocal process. The implications of
these animal studies point to adverse effects on pho
nation from endolaryngeal stents.

In planning LTR surgery, we have found it helpful
to minimize the stenting time to spare injury to the
vocal fold mucosa. In selected cases, when the stenotic

process was confined to the subglottis and not involv
ing the free edge of the vocal folds, and stent place-

.

ment was deemed necessary to stabilize the graft, a

stent was placed below the vocal fold mucosa. The

single-stage LTR also has advantages in regard to

minimizing vocal fold injury. In our experience,
phonation results generally have been good when this

technique, with its short stenting period, has been
used.

Injury to the laryngeal nerves must be avoided in
order to optimize postoperative phonation. The ex

ternal branch of the superior laryngeal nerve inner-

vates the cricothyroid muscle. Electrocautery around
the cricoid or on the cricothyroid muscle may injure
this nerve and cause a superior laryngeal nerve pa
ralysis. While not having a marked effect on postop
erative voice quality, it may affect it to some degree,
to limit pitch range and singing. More important is
avoidance of injury to the recurrent laryngeal nerve.

Anterior and posterior laryngotracheofissure is kept
in the midline, away from the tracheoesophageal
groove. When four-quadrant cricoid division (lateral
cricoid cuts) is employed, it is important to stay
anterior on the hemicricoid to avoid injury to the
recurrent laryngeal nerve.22

The arytenoid cartilages also affect postoperative
phonation ability. It is important to .assess arytenoid
position and mobility preoperatively. During sur

gery, excessive retraction on the hemicricoid during
the placement of posterior grafts may subluxate or

dislocate the arytenoid cartilage. This would affect
vocal fold mobility as well as airway patency. Crico
arytenoid joint fixation was seen following LTR in
several patients with breathy voices studied by
fiberoptic laryngoscopy.P These patients had re

quired long-term stenting and multiple procedures.
A summary of phonation problems, their relation

to LTR procedure types, and suggested technical
details is provided in Table 3.

In the interpretation of reports ofvoice quality and

phonation following LTR it is important to recognize
several factors. Apparent satisfaction with the out
come of LTR surgery in terms of voice may reflect

parent satisfaction that the tracheostomy is no longer
present and that the child is better able to communi
cate without a tracheostomy, especially if the child
was aphonic preoperatively. This is reflected in the

survey ofSell and MacCurtain, 12 in which the parents
of 16 patients after LTR surgery were questioned to
detect the parental degree of satisfaction with re

sidual voice quality after decannulation. Ninety-three
percent classified the speech as different from that of
other children. Fifty percent were happy with the
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TABLE 4. AVOIDANCE OF SWALLOWING PROBLEMS
Assess swallowing difficulties preoperatively, especially in
neurologically delayed children

For posterior cricoid split, avoid complete division of interary
tenoid muscle

Use gastrostomy tube, if present, during stenting time

Minimize stenting time

Use single-stage laryngotracheal reconstruction, when possible
Stent below vocal folds, when possible
Advance feedings slowly
Thicken feedings
When Aboulker stent used, plug or cap hole if necessary
When long-term stent needed, try beveled Portex endotracheal
tube

voice and 46% classified the voice as a problem.
Despite this, 80% of parents stated they would pro
ceed with surgery again for their child despite the
resultant voice.

The quality of the post-LTR pattern of abnormal

phonation has been compared to the voice of adults
who have undergone partial Iaryngectomy.l+ This

type of voice likely becomes a long-term physical
disability for a child. Disordered voices adversely
affect peers' and adults' perceptions ofcertain physi
cal and personality traits of children.23,U Long-term
education and employment opportunities are likely to
be affected. The longer the patients have been fol
lowed up after LTR, the more voice has become an

issue ofconcern for parent and patient. Clearly, long
term prospective studies are needed to evaluate fur
ther subglottic and laryngeal stenosis, its treatment
with LTR, and the resulting effects on voice.

Swallowing. In the study period, swallowing diffi
culties manifested as a perioperative problem during
the stenting time following LTR. When the stent was

placed through the larynx to rest at the level. of the

arytenoids and epiglottis,25 aspiration occasionally
developed through the hole in the top of the stent.

Prolonged aspiration, even when low-grade, mani
fested during the stenting time as recurrent cough,
tracheobronchitis, or pneumonia. These were treated
with oral antibiotics. No patient required hospitaliza
tion for these problems during the study period.
Patients with swallowing difficulties also had poor
weight gain during the stenting period.

The preoperative assessment of swallowing is an

important part of the evaluation in children who

undergo LTR. Children with tracheostomies and

laryngotracheal stenosis due to prolonged intubation
as premature neonates frequently exhibit feeding
difficulties. Poor sucking ability, hypotonic or hyper
tonic reflexes, behavioral feeding problems, and alter
ations in anatomy of the upper aerodigestive tract

place them at risk.26 These children also are more

prone to develop gastroesophageal reflux. A thor

ough feeding history is taken to ascertain the pres
ence of swallowing difficulties. An esophageal pH
probe and a radionuclide gastric emptying scan are

performed to check for gastroesophageal reflux.

Assessment of the preoperative risk ofaspiration is

important in planning the type ofLTR procedure, the

design of the stent, and the stenting duration. Follow

ing the LTR surgery, diet was advanced slowly. Most

patients with an intralaryngeal stent exhibited aspira
tion to some degree initially. The use ofsoft or pureed
diet and food thickeners was helpful in the first 7 to

10 days postoperatively in improving swallowing
and was occasionally required during the entire stent

duration.

Those patients with posterior cricoid splits and

grafts tended to have more postoperative swallowing
difficulties. This was particularly evident in those
with developmental delay. It was important in the

posterior cricoid split to avoid complete division of
the interarytenoid muscle, which could impair glottic
closure during swallowing.

Following stent removal, most swallowing prob
lems resolved quickly. Posterior cricoid splits and

grafts theoretically increase the risk of long-term
aspiration. This has been observed to be a long-term
problem in a few patients with preoperatively identi
fied feeding problems. Those with feeding difficul
ties before LTR, whose therapy was interrupted by
LTR and stenting, required close follow-up and
reinstitution of therapy. A summary of recommenda
tions to avoid swallowing problems following LTR is

given in Table 4.

CONCLUSION

As important functions of the larynx, swallowing
and phonation are affected by LTR surgery. Impair
ment of swallowing is usually a perioperative prob
lem during the time of endolaryngeal stent place
ment. Premature, neurologically impaired, and de

velopmentally delayed children have an increased
risk of swallowing difficulties as well as gastro
esophageal reflux. It is important to assess the preop
erative risk ofswallowing problems and aspiration in

planning the type ofprocedure and the stenting dura
tion. Diet manipulation in the postoperative period is

frequently needed to aid swallowing and to prevent
aspiration. Stent plugs or stents placed below the
vocal folds may be helpful in selected cases to mini
mize perioperative swallowing difficulties. It is ap
parent that swallowing difficulties also may be ame

liorated with shorter stenting duration, or use of
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techniques that avoid stent placement, such as single
stage LTR.27

Impairment ofphonation is usually a delayed post
operative problem, most apparent after decannulation.
If the stenotic lesion involves the free edges of the
vocal folds or the posterior glottis, phonation diffi
culties may be anticipated. Attention to surgical de
tails during LTR surgery may prevent or minimize

phonation difficulties and yield a satisfactory long
term result. Concomitant speech and language delays
and disabilities are seen frequently- in these patients.
Close follow-up and speech-language therapy often
are required to enhance the child's communicative
skills. Prospective studies of vocal function with

long-term follow-up in pediatric LTR patients are

advocated for further investigation of these prob-
lems.

.
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TRACHEAL-ESOPHAGEAL SEPARATION PROCEDURES:
TECHNIQUE AND RESULTS OF RECONSTRUCTION

C. THOMAS YARINGTON, JR, MD
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FELIX K. W. CHU, MD

Our experience with over 50 tracheal-esophageal diversion and separation procedures demonstrates a consistent success rate in
resolving the aspiration problem and an approximately 10% rate of complications, which responded to conservative measures.

Approximately 12% of these procedures have been reconstructed by utilizing the technique described above. No significant
complications of the reconstruction or subsequent function attributable to the procedures have been experienced. Thus, it would appear
that the success and the reversibility of these procedures, as originally described and predicted by Lindeman, are validated.

KEY VVORDS - aspiration, reconstruction, tracheal-esophageal diversion, tracheal-esophageal separation.

In 1975, Lindeman! reported his results in the
animal laboratory developing the tracheal-esopha
geal diversion procedure. Hissuccessful application
of this procedure on his first patient was also de
scribed. Several reports since that time have indi
cated the success of the procedure in our institution
and elsewhere.e-' In 1989, we published a detailed
review of our experience, the techniques of this

procedure, and our experience with the tracheal

esophageal separation procedure in 31 patients." The

purpose of this report is to briefly review the criteria
and technique for reconstructions and our results in
six patients.

The indications for reconstruction are straightfor
ward. The original operation is performed to separate
the air and food passages in individuals suffering
from progressive or protracted aspiration as a means

ofavoiding aspiration pneumonia and resulting death
or debilitation. When the basic disease process has
resolved to the point that aspiration is no longer a

clinically significant threat, reconstruction of the
normal air and food passages may be entertained.
Careful evaluation of the laryngeal function includ

ing both the guarding reflexes and vocal cord func
tion may be carried out endoscopically, and swallow

ing studies performed, clearly demonstrating ad

equate swallowing function, without aspiration, ra

diologically. Ideally, these studies should be repeated
over time to demonstrate stability of the normal

physiology.
The technique of reconstruction depends on the

initial procedure, and is more feasible in patients who
have had a tracheal-esophageal diversion procedure
than those with a simple tracheal-esophageal separa-

Tracheal-esophageal A) separation and B) diversion. (Reprinted with permission.')
From the Virginia Mason Medical Center, Seattle, Washington.
Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 11-12, 1992.
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RECONSTRUCfIONS

Original
Sex Diagnosis Procedure

F Brain tumor Diversion
F -. Brain tumor Diversion
F Cerebrovascular accident Separation
F Supraglottic cancer Diversion

M Cerebrovascular accident Separation

M Bilateral vocal cord paralysis Diversion

Age
30
30
60
74

60

70

Result

Normal function
Normal function
Normal function
Normal function with intemuttent tube feeding
secondary to alcoholism
Deterioration of central nervous system and
eventual laryngectomy
Normal function

tion (see Figures). In both procedures, a midline
incision is made from the level of the thyroid promi
nence to the tracheal stoma. Dissection around the
tracheal stoma is carried out to completely mobilize
the distal trachea in its cervical portion. Great care is
taken in this process to maintain the plane of dissec
tion immediately adjacent to the tracheal rings, as

with the initial procedure, to avoid injury to the
recurrent laryngeal nerves. The tracheal-esophageal
anastomosis is identified and taken down, with care

taken to preserve all the tracheal rings and retract the

proximal trachea from the wound. The esophageal
opening is closed with a double-layer inverting clo
sure in the same manner that one would close the
defect after removing a Zenker's diverticulum. Again,
care is taken to maintain the dissection on the tracheal

rings and on the anterior wall of the esophagus to

avoid injury to the recurrent laryngeal nerves. The
two immobilized tracheal segments are then mini
mally debrided, an oral endotracheal tube is placed to

stent the trachea (with the concurrent removal of the
endotracheal tube from the tracheal stoma), and the
tracheal segments are reanastomosed over this endo
tracheal tubeby using 3-0 nylon or Vicryl sutures tied
external to the tracheal lumen. A mucosa-to-mucosa
closure without tension should be achieved.

In patients who have had the tracheal-esophageal
separation procedure, a more challenging reconstruc

tion presents itself, as significant loss of tracheal

length is usually present and is usually the basis for
the selection of this procedure originally. The blind
closure of the proximal end of the trachea must be
resected back to reasonably normal mucosa and car-

, tilage, and the mobilized distal segment brought up to

complete the 'anastomosis over the orally placed
endotracheal tube. If the tracheal-esophageal separa
tion procedure has been done, careful evaluation of
the previous operation report and the anatomy must

be carried out preoperatively to ensure a reasonable

expectation that sufficient tracheal length will be
available to perform an anastomosis.

Once the tracheal anastomosis has been accom

plished, the wound is closed in layers, by bringing the

remaining strap muscles together in the midline over

the trachea to provide a secondary closure beneath
the skin closure.

To date, reconstruction has been carried out with
out the use of a secondary, lower tracheotomy; thus,
careful monitoring of the patient in an intensive care

environment with adequate humidity, hydration, and

preparation for intubation needs to be ensured.

Our experience to date includes over 50 tracheal

esophageal diversion and separation procedures. All
have been effective in avoiding aspiration, there has
been no mortality attributed to the procedure, and the

morbidity has remained at approximately 10%, con

sisting entirely of tracheal cutaneous fistulas eventu

ally closing with conservative care. Six patients have
been reconstructed. All reconstructions were suc

cessful, with four patients resuming normal function,
one requiring intermittent nasogastric tube feeding
with occasional aspiration pneumonia secondary to

alcohol abuse, and one subsequently undergoing a

total laryngectomy for control of recurrent progres
sive aspiration secondary to a deteriorating central
nervous system condition (see Table).
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EXPERIMENTAL TRACHEAL REPLACEMENT USING A
REVASCULARIZED JEJUNAL AUTOGRAFT WITH AN IMPLANTABLE

DACRON MESH TUBE
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Defects comprising more than 50% of the trachea cannot be reliably reconstructed by any current technique or prosthesis. A

composite tracheal replacement implant consisting of a Dacron-urethane mesh tube and revascularized jejunal autograft was applied to

this problem. This composite implant was used to replace 7 to 10 em oftrachea in eight dogs. The implant was sewn to the outside (serosal
surface) of the jejunum to provide permanent structural support to the autograft, and an intraluminal silicone tube was placed inside the

jejunal segment and left for 4 weeks following reconstruction. Six of eight animals survived the predetermined time periods and were

killed painlessly in groups of two animals at 1,2, and 6 months after removal of the intraluminal silicone tube. Postoperative intubation,
ventilation, or tracheostomy was not necessary. Excessive secretions were not seen in any of the animals, and a fair to good performance
status was maintained until death in all but one animal. Histologic examination revealed slight thinning of the jejunal mucosa, with no

change in the jejunal muscularis. These data suggest that with further refmement this composite implant may be a viable reconstructive

option in humans.

KEY WORDS - autograft, jejunum, microvascular anastomosis, reconstruction, trachea.

INTRODUCTION

Circumferential defects comprising more than 50%
ofthe tracheal length cannotbe reliably reconstructed

by any prosthesis or current surgical technique. Al

though numerous autografts , homografts, and allo

plastic materials have been applied to these defects,
none are ideal.l-12 The ideal tracheal replacement
implant would be 1) composed of a natural or highly
biocompatible synthetic material, 2) vascularized or

capable ofbeing ingrown by vascular tissue, 3) lined

by epithelium or capable of supporting the growth of

epithelium over its internal surface, 4) available in a

length sufficient to allow replacement of the entire
trachea, and 5) structurally rigid enough to maintain
an open lumen during unassisted ventilation.

An intestinal jejunal autograft transferred by mi
crovascular technique has all of the required proper-

ties to function as a tracheal graft material, with the

exception of structural rigidity . We therefore applied
revascularizedjejunumcombinedwith a rigidDacron
urethane mesh tube (DMT) to the reconstruction of
extensive circumferential tracheal defects in a canine
model. This DMT prosthesis was originally used
alone for tracheal defect reconstruction with variable
success.f For the applications in this study the DMT

prosthesis was placed on the outside (serosal surface)
of the revascularized jejunal segment to provide
structural support to the graft without itself being
exposed to the tracheal lumen. We describe the re

sults of this reconstructive technique as applied to 7-
to lO-cm-Iong circumferential tracheal defects in

eight dogs.
MATERIALS AND METHODS

Operative Technique. Eight healthy adult 22- to
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Fig 1. Dacron-urethane mesh tube used for structural
support of jejunal autograft segments. Two-millimeter
wide strip has been removed over entire length of tube to

allow egress of mesenteric vessels from jejunal segment.

26-kg female mixed-breed dogs served as the experi
mental subjects. The operations were performed un

der sterile conditions with intravenous sodium pento
barbital for the first two subject animals and endotra
cheal fluothane anesthesia after induction with intra
venous 4% sodium pentobarbital (1 mL/2.25 kg) for
the remaining six animals. Anesthesia was changed
to fluothane because of the perioperative deaths of
the first two animals following the use of repeated
doses of sodium pentobarbital. The animals received

the analgesic buprenorphine hydrochloride (0.01 mgt
kg) every 12 hours for 3 days after all operative
procedures. Antibiotics were given 1 hour prior to

operation (500 mg of ceftriaxone sodium injected
intramuscularly) and continued every 24 hours for a

period of 10 days after the procedure.
Access to the cervical trachea was gained through

an apron incision on the ventral surface ofthe animal's
neck. The inferior larynx, cricoid cartilage, and tra

chea were exposed to the thoracic inlet, and the
trachea was circumferentially dissected free of sur

rounding soft tissue. Care was taken to dissect close
to the surface of the trachea in order to avoid injury to

the recurrent laryngeal nerves. In each of the animals
the superior thyroid artery and ipsilateral internal

jugular vein were then prepared for the microvascu
lar anastomosis.

A laparotomy was simultaneously performed
through a midline abdominal incision to expose at

least 12 em of jejunum that was supplied by a single
vascular arcade. The supplying mesenteric artery and
vein were then dissected to theirorigins undermagnifi
cation. The DMT prosthesis was then cut to size,
ranging from 7 to 10 em on the basis of the length of
the exposed cervical trachea (Fig 1). A 2-mm-wide

strip of the DMT was then removed over its entire

length to allow for egress ofthe mesentery containing

Fig 2. Procedure. A) Dacron-urethane mesh tube has been

positioned over jejunal segment, and artery and vein of mesen

teric pedicle have been dissected in preparation for transfer. B)
Multiple circumferential running sutures of 4-0 polyglactin,
spaced at l-cm intervals, are used to secure Dacron-urethane
mesh tube to underlying jejunum. C) Composite implant is
transferred to neck for microvascular anastomosis prior to

removing segment of trachea.
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Fig 3. Schematic representation
ofapplication of3M Microvascu
lar Anastomotic System. A) End
of vessel to be anastomosed is
passed throughcentral holeofeach
anastomotic ring. B) Edges ofves

sel are everted over pins of ring.
C) Entire ring applier device is
depicted. Knob (lower right) is
turned, causing "wings" ofapplier
to close (arrowhead). Closure
brings anastomotic rings into ap
position. D) "Wings" of applier
are shown in full closure with rings
connected.

A,

c

the artery and vein supplying the jejunal segment.
The jejunal autograft was then separated from the
remainder of the jejunum, and bowel continuity was

reestablished with a standard two-layer closure. A
No.8 armored endotracheal tube was then passed
through the lumen of the free jejunal segment, the

graft was stretched to its maximum length, and an

antimesenteric myotomy was created over the entire

length of the graft in order to inhibit peristaltic
activity that mightcompromise the airway. The DMT

prosthesis was then placed over the jejunal segment,
with the mesenteric vascular supply egressing through
the longitudinal defect of the mesh tube (Fig 2). At
this point, the jejunum was circumferentially sutured
to the DMT prosthesis at 1-cm intervals with 4-0

polyglactin suture material (Fig 2B). The armored
endotracheal tube was then replaced by a tubular
silicone intraluminal stent cut to the appropriate
length.

The vascular pedicle of the jejunal segment was

transected close to its origin and flushed with heparin
solution (100 U/mL), and the jejunum-DMT combi
nation was transferred to the neck wound (Fig 2C).
The jejunum was oriented in the neck such that

peristalsis would be directed cephalad. Closure of the
abdominal incision was carried out in standard two

layer fashion. The microvascular anastomosis was

carried out with the 3M Microvascular Anastomotic

System. This system utilizes nylon rings with alter

nating holes and metal pins that interlock. The ends

B

o

of the vessels that are to be anastomosed are passed
through the central hole of the rings, and the vessel

edges are everted over the pins (Fig 3) such that after
the rings are interdigitated, an end-to-end vascular
anastomosis is achieved (Fig 4). These rings are

available in 1.0-mm, 1.5-mm, 2.0-mm, and 2.5-mm
sizes from 3M Corp, St Paul, Minn. The arterial
anastomoses were all achieved with 1.5-mm rings,
while the venous anastomoses were done with either
1.5-mm or 2.0-mm rings, depending on vessel size.
The average time for both the venous and arterial
anastomoses was approximately 45 minutes from the
time the jejunal autograft was transferred to the
cervical wound. Total ischemic time averaged 65
minutes.

After completing the microvascular anastomoses,
a length of trachea equal to that of the DMTprosthesis
was excised. The subject animal was then ventilated
via a No.8 endotracheal tube placed into the lower
tracheal stump. The superior and inferior anastomo

ses between the trachea and the jejunum-DMT com

posite graft were then completed by using a single
layer of interrupted 3-0 polyglactin sutures. A single
2-0 polypropylene suture was then passed through
the cervical skin, the composite graft, and silicone
intraluminal stent and then through the skin of the
other side of the neck and tied over bolsters to prevent
displacement of the intraluminal silicone stent (Fig
5). The neck wound was then drained and the inci
sions were closed in layers. The animals were
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Fig 4. After rings arejoined, they are automatically ejected
from applier, and anastomosis is complete.

extubated after emergence from anesthesia.

Postoperative Period. The animals underwent

endoscopic examination 2 weeks and 4 weeks after

operation and immediately prior to being painlessly
killed. The silicone stent was temporarily removed 2
weeks after operation and the airway was evaluated
for graft viability, patency of the reconstructed seg
ment, granulation tissue formation, anastomotic stric
ture, and the presence ofcontinued peristaltic activity
within the jejunal graft. The silicone stent was then
reinserted and fixed in place until the second endo

scopic examination 2 weeks later. Because persistent
peristaltic activity was noted 2 weeks after operation
in all animals, somatostatin (0.1 mg injected intra

muscularly every 24 hours) was given for 2 weeks

following intraluminal stent removal to the last four
animals to inhibit these muscular contractions, which
caused intermittent airway compromise.

Histologic Processing and Examination. Samples
of mucosa spanning the junctions between the native
trachea and the jejunal autograft, and samples of
mucosa at the midpoint of the jejunal segment were

embedded in paraffin and stained with either mucin
stain or hematoxylin and eosin. All specimens were

then evaluated for the presence of inflammatory
response, characterization of the intraluminal mu

cosa, quantification of the amount of fibrous tissue

deposited around the DMT prosthesis, and the pres
ence of squamous metaplasia of the jejunal mucosa.

RESULTS

Six of the eight subject animals survived for the

predetermined periods of time. The first animal died
4 hours after operation because ofan adverse reaction
to pentobarbital anesthesia. The second animal devel

oped a neck hematoma that resulted in compression
of the venous outflow of the jejunal segment and
necrosis of the autograft. Necrosis of the jejunal graft
was confirmed 5 days postoperatively by endoscopy

Fig 5. Dacron-urethane mesh tube-jejunum composite
implant has been anastomosed to tracheal stumps, and

polypropylene stay suture has been pl.a�d to m�ntain
intraluminal silicone stent in proper position. Artenal and
venous anastomoses can be seen in upper rightquadrant of

photograph (arrows).

and the animal was killedpainlessly. Venous outflow
obstruction was confirmed at necropsy.

The remaining six animals in the study had their
silicone intraluminal stents removed 4 weeks follow

ing reconstruction, and all survived for the pred�ter
mined periods of time. The animals were killed

painlessly in groups of two at 1, 2, and 6 months

postoperatively. The two animals killed at 6 months

developed several skin abscesses beginning approxi
mately 4 to 5 months following operation. These
abscesses were successfully treated with oral antibi
otics. None of the animals had problems with aspira
tion or developed pneumonia, and none of the im

plants became exposed or extruded.

The 3M microvascular anastomotic rings func
tioned uniformly well in all eight animals. There were

no failures in any of the 16 anastomoses (8 arterial
and 8 venous), and the only autograft failure was due
to compression of the venous outflow by a hematoma
unrelated to the anastomotic rings. The rings were

easy to use and did not require a substantial learning
curve in individuals already trained in microvascu
lar technique.

Functional Results. All animals maintained an

unrestricted diet throughout the entire study, and all
had an excellent performance status while the sili
cone intraluminal stents were in place. Performance
status was graded as follows: 1) excellent (no audible
stridor regardless ofactivity), 2) good (audible stridor
on exertion), 3) fair (audible stridor when excited),
and 4) poor (audible stridor at rest). On removal of the
silicone stents, performance status was maintained at

a good to fair level. The animals developed intermit
tent stridor when excited or physically exerted, or

during the presence of neck infection.
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Fig 6. Necropsy. A) Larynx, reconstructed segment, and distal trachea 6 months after reconstruction. Specimen has been opened
along posterior surface of trachea and composite segment. Superior and inferior anastomoses of composite implant with trachea
are indicated by arrows. B) Close-up of superior anastomosis between trachea and jejunum. (Needle points to anastomotic
junction.) C) Close-up of inferior anastomosis between trachea and jejunum. (Needle points to junction.)

Endoscopic and Gross Examination. The normal
intraluminal cross-sectional area of the canine jeju
num is approximately 30% smaller than the intra
luminal cross-sectional area of the normal canine
trachea. Thus, the reconstructed segment was imme

diately narrowed by 30% to 40% as compared to the

segment of normal trachea that it replaced. This

degree of narrowing was found to persist at the 2-
week and 4-week endoscopies in all animals. The
reconstructed segment was narrowed to 50% to 60%
ofthe original intraluminal cross-sectional area ofthe
normal trachea in one of the 6-month animals. The
other 6-month animal developed a tracheocutaneous
fistula at the distal anastomotic site. This area of
stricture was 2 cm long and narrowed the airway by
75% as compared to the original intraluminal diam
eter of the normal trachea.

Endoscopy at 2 weeks revealed persistent, and at

times severe, peristalsis of the jejunal graft segment
on removal of the intraluminal silicone stent. This

peristalsis resulted in intermittent airway obstruction

necessitating the replacement of the silicone stent to

reopen the airway in all subject animals. Peristalsis
was specifically noted in those areas of jejunum that
were not supported by the DMT prosthesis, primarily
near the sites of anastomosis with the trachea. Be
cause of this finding, the operative technique was

modified in the last three animals such that the DMT

prosthesis extended up to the anastomosis with the
trachea. Intramuscular somatostatin was also given
for 2 weeks to inhibit peristalsis after removal of the
intraluminal silicone stent in the last four animals.
After this modification in technique and the addition
ofsomatostatin, airway compromise due to persistent
peristalsis was not observed.

Small amounts of granulation tissue developed at

each end of the silicone stent in three of the six

surviving animals. In no case was this granulation
tissue functionally significant. True vocal cord func
tion could only be endoscopically confirmed in three
of the six surviving animals.

At necropsy, gross examination showed a patent
lumen in all specimens. The jejunal mucosa was

found to be firmly attached to the DMT prosthesis
over its entire surface in all subject animals (Fig 6). In
one of the 6-month animals, a tracheocutaneous fis
tula was confirmed at the lower anastomotic site,
corresponding to the level of stricture.

Microscopic Examination. Microscopic examina
tion of hematoxylin and eosin-stained sections of
mucosa spanning the junction between the jejunal
autograft and the trachea demonstrated well-healed
anastomoses in all animals (except the animal that
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Fig 7. Photomicrographs (H & E, original x40). A) Showing junction between trachea (right) and jejunum (left) in longitudinal
section 6 months after removal of intraluminal silicone stent. There is small amount of granulation tissue present at this junction
(arrow). B) Normal canine jejunum in longitudinal section. C) Jejunum in longitudinal section 6 months after removal of silicone
intraluminal stent. Notice how thickness of mucosa has been diminished as compared to normal jejunal mucosa in B, but without
evidence of squamous metaplasia.

developed the tracheocutaneous fistula), with small
amounts of residual granulation tissue (Fig 7A). No
evidence ofgeneralized progressive squamous meta

plasia was found. Examination of the jejunal mucosa

at the midpointofthe autografts demonstrated slightly
thinnedjejunal mucosa that was otherwise unremark
able (Fig 7B,C). There was no evidence of a change
in the thickness ofthe muscular layers ofthe jejunum,
nor evidence ofprogressive fibrosis in those areas of
the autograft in contact with the DMT implant. There
was no appreciable difference in the cross-sectional
thickness of the jejunal autograft sampled at 1, 2, or

6 months. One of the 2-month subject animals dem
onstrated chronic inflammation with a 2-mm-thick
collection of necrotic debris over a 3-cm-Iong area

between the jejunal autograft and the DMT prosthe
sis. This finding was most consistent with a previous
abscess in this area. Several areas ofmucosal ulcera
tion were identified in the areaofthe tracheocutaneous
fistula in the 6-month subject animalthat developed
this complication.

DISCUSSION

Many investigators have evaluated numerous re

constructive techniques and materials for extensive
circumferential tracheal replacement over the last 80
years. These attempts at near-total, circumferential
tracheal replacement can be grouped into five catego
ries'': 1) nonvascularized autografts and homografts,
2) vascularized autografts, 3) synthetic tube implants
for stenting purposes, 4) synthetic tube implants for

permanent segment replacement, and 5) autografts
and homografts combined with synthetic materials
for structural support. Although nonvascularized

autografts and homografts are useful for limited
tracheal replacement, they have proven unsuitable
for extensive circumferential tracheal defects as they
frequently become necrotic, infected, and then ste

notic.? Synthetic tube prostheses used as stents or for

permanent segmental replacement do not support the

growth ofepithelium over their intraluminal surfaces
and eventually become chronically infected, result

ing in granulation tissue formation and stenosis.?
Vascularized autografts such as pectoralis muscle,
esophagus,jejunum, or fascia show promising experi
mental results when used alone, but it is unlikely that
soft tissue alone would provide adequate long-term
structural support such that a patent airway would be
maintained. 1,5-7

Since none of the previously tested natural or

synthetic materials have proven ideal by themselves,
a composite implantcombining complementary tech

niques, tissues, and synthetic materials was con

structed to more closely approximate the ideal tra
cheal replacement implant. To our knowledge, this is
the first experimental report of extensive circum
ferential tracheal replacement using a composite im

plant consisting of a revascularized jejunal autograft
in combination with a permanent rigid implantable
stent to ensure airway patency. The results of apply
ing this composite implant to tracheal replacement in
a canine model are promising.
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The functional results are notable in that none of
the subject animals required postoperative intubation
or ventilatory support. The use of the 3M microvas
cular anastomotic rings facilitated the revasculariza
tion of the jejunal autografts with respect to time,
effort, and reliability. The only fatalities in this study
resulted from anesthetic complications unrelated to

the tracheal replacement procedure itself. Although
the reconstructed airways were narrowed as com

pared to normal tracheas, all six surviving subject
animals had an unrestricted performance status while
their intraluminal silicone tubes were in place, and
maintained a good to fair performance status over the
duration of the study. Most interesting are the find

ings that none of the animals evidenced excessive
mucus production by the autograft segment, yet all
demonstrated significant temporary peristalsis within
the jejunal segment, resulting in intermittent airway
obstruction after the removal of the silicone intralu
minal stent.

The immediate narrowing of the reconstructed

segment was primarily the result of the smaller dia
meter of the normal canine jejunum as compared to

the normal canine trachea. The canine jejunum is

approximately 30% narrower than the canine tra

chea, and this must be taken into account when

evaluating the results of this study with an eye to

applying this technique to humans. The ratio is re

versed in humans, with the human jejunum having a

larger intraluminal diameter by approximately 15%
to 20% as compared to the human trachea. Because of
this significant difference, the canine model is prob
ably a more demanding environment than would be
encountered in clinical application. If this implant
demonstrates reasonable long-term patency with an

immediate 30% narrowing of the lumen because of
canine anatomy, then a human jejunum, which has a

larger intraluminal diameter than the trachea, could
be expected to maintain an adequate airway.

Excess mucus production by the jejunal autograft
had been anticipated, but, was not found to be a

problem in any of the subject animals. The jejunal
segments were sewn into place, with peristalsis di
rected toward the upper airway in anticipation of
excess secretions. This study was not able to deter
mine why the jejunal autografts did not produce
excess mucus, especially since no areas of marked
mucosal atrophy or widespread squamous metapla
sia were seen histologically. It is reasonable to specu
late that chronic exposure of the jejunal mucosa to air

may play a role in inhibiting potentially copious
mucus production by the jejunal segment.

The occult abscess and the tracheocutaneous fis
tula that developed are of concern. Dacron is not

highly resistant to contamination and chronic infec

tion, and in light of these results it would be reason

able to consider other types of alloplastic materials.
The tracheocutaneous fistula probably was the result
of technical error in matching the smaller jejunum to

the larger trachea, with a resulting gap in the anasto

motic closure.

The persistent peristalsis in the jejunal segment,
which was seen in all surviving animals following the
initial removal of their silicone intraluminal stent,
was more significant than anticipated. The only other

study, to our knowledge, using revascularized jeju
num for circumferential tracheal replacement did not

describe such a phenomenon. This study, by Letang
et al,? employed revascularized jejunum without any
surrounding structural support for the replacement of
circumferential canine tracheal defects that were 10

cartilaginous rings in length (approximately 6 em), A
silicone intraluminal stent was used to hold the jeju
nal segments open for 10 to 14 days, and the 12

subject animals were killed between 7 and 60 days
following reconstruction. Letang et al? reported that
fibrosis of the jejunal segment to the surrounding
mediastinal structures and strap muscles provided
adequate structural support to the jejunal segment
such that an open airway was maintained in all
animals. There was no mention of persistent jejunal
peristalsis or intermittent airway obstruction follow

ing removal of the silicone intraluminal stents.

Considering the peristaltic activity seen when re

vascularized jejunal autografts are used for pharyn
geal and esophageal reconstruction, it is not surpris
ing that some peristalsis would continue in segments
ofjejunum used for tracheal replacement. The ability
ofunsupportedjejunum to remain open, as described

by Letang et al? following only 2 weeks of intralumi
nal stenting is surprising. This point was specifically
addressed in an editorial by Grillo,2 who stated, in
reference to that study, "This [ability of the unsup
ported jejunum to remain open] is difficult to explain
biologically, even with the inflammation that would

normally bind the wall of the transplanted segment to

the surrounding mediastinal tissues." The results in
our study differ significantly from those ofLetang et

al.7 Even with the use of a permanent rigid implant to

which the jejunum was firmly attached, peristalsis
causing intermittent partial airway obstruction oc

curred in those areas ofjejunum not supported by the
DMT implant in all subject animals. It was only with
the presence of the DMT implant, the extended pe
riod of intraluminal stenting, and addition of soma

tostatin that functionally significant peristalsis was

prevented. On the basis of the results ofour study, we

believe that it is unlikely that fibrosis connecting the
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jejunal segment to the surrounding soft tissue is

adequate to attenuate peristaltic contractions for the
maintenance of an unobstructed airway.

In conclusion, the significance of this study lies in
the success of a vascularized semisynthetic compos
ite implant in reliably maintaining an acceptable
airway for as long as 6 months. Even though the

optimal composition and orientation of the implant-

able stent have yet to be determined, and the potential
problems of infection and jejunal peristalsis need
further evaluation, the concept has proven itself to be
viable. With additional research and refinement, the
use of revascularized jejunum in combination with a

rigid implantable stent may pr�ve to be a relatively
safe, reliable, and permanently stable method of

replacing long segments ofthe tracheobronchial tree.
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DIFFICULTIES IN ENDOSCOPIC REMOVAL OF TEFLON
GRANULOMAS OF THE VOCAL FOLD
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The difficulties in treating granulomas resulting from Teflon injection into the vocal fold are underreported in the literature. We have
reviewed our experience with nine patients undergoing 27 procedures for Teflon granuloma. Two patients required tracheotomy before

undergoing endoscopic granuloma removal because of airway compromise, and a third required urgent tracheotomy following
endoscopy. One of the patients requiring elective tracheotomy had a granuloma that extended across the midline to the contralateral

arytenoid, causing its fixation. Arytenoidectomy was required fordecannulation in this patient. In all but one patient the granulomanearly
completely replaced the thyroarytenoid muscle. This extensive involvement often precludes the adequate excision of the granuloma in
a single procedure; however, the microflap technique allows mucosal preservation to facilitate future procedures. In some cases the

granuloma destroys large amounts of mucosa, and a microflap cannot be elevated and saved. The difficulties of excision are related to

the near-total replacement ofthe thyroarytenoid muscle by granuloma, This paper will help the otolaryngologist-head and neck surgeon
understand this destructive process and the resulting difficulties in surgical rehabilitation.

KEY WORDS - granuloma, larynx, laser, Teflon.

INTRODUCTION

Since its introduction in the mid-1960s, endo

scopic injection of polytetrafluoroethylene (Teflon)
has gained widespread use in the treatment ofunilat
eral vocal fold paralysis. Teflon is injected lateral to

the vocal process, between the inner perichondrium
ofthe thyroidcartilage and the thyroarytenoid muscle,
to move the paralyzed vocal fold toward the midline,
providing a surface against which the mobile fold

may vibrate. The procedure may help prevent aspira
tion as well as improve the voice. Early reviews of the

procedure were quite favorable, describing Teflon as

nonmigrating, noncarcinogenic, and having minimal

foreign body reaction. 1 Some reviews quote a suc

cess rate in excess of 95% in treating vocal fold

paralysis with Teflon injection.2,3
As experience with the procedure accumulated, its

limitations were recognized and alternatives were

proposed. While Teflon granuloma is recognized as

a rare complication, it is often described as a simple
problem remedied by complete excision in one or two

procedures.Id-' Our experience with Teflon granu-
"loma shows that it is a far more formidable problem
than the literature describes.

MATERIALS AND METHODS

The clinic and inpatient hospital charts of nine

patients with Teflon granuloma were reviewed. Par
ticular attention was paid to the number of Teflon

injections received, the interval between the first
Teflon injection and the initial presentation to us,
details of the operative notes, the need for trache

otomy, the number of procedures performed, and
whether or not an acceptable result had yet been
achieved. We defined an acceptable result as 1) a

voice usable for normal conversation, 2) no airway
difficulty and successful decannulation if a trache

otomy had been required, and 3) no further proce
dures planned.

Preoperative evaluation included indirect laryn
goscopy via a mirror or fiberoptic endoscope and

videostrobolaryngoscopy. Computed tomography
(CT) of the neck and/or plain tomograms of the

larynx and trachea were performed in some cases.

Operative Technique. Direct laryngoscopy was

performed in the operating room. General anesthesia
was established and the patient was intubated with a

laser-safe tube (LaserShield II, Xomed-Treace).
Dexamethasone sodium phosphate 10 mg and cefa
zolin sodium 1 g were administered intravenously.
Laser safety techniques, described elsewhere.f were

also employed.
The initial examination was performed with a

Holinger anterior commissure laryngoscope. Micro

laryngoscopy was performed with either the Ossoff
Karlan modified Dedo . laryngoscope or the Dedo

photographic laryngoscope to achieve optimal expo
sure of the vocal folds.
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PATrENT SERIES SUMMARY OF TEFLON GRANULOMAS

Time From No. of
Cause of No. of Injection Endoscopic

Case Vocal Fold Injec- to Presen- Presenting Proce- Trache-
No. Age Sex Side Paralysis tions tation Symptoms dures otomy Result

70 F R Thyroidectomy 2 14 Y Lump in throat, 8 Yes Acceptable
shortness of breath,
exercise intolerance

2 55 M L Thoracic aortic 9mo Hoarseness, strained No Acceptable
aneurysm voice

3 43 F L Idiopathic 2 3y Hoarseness 2 No Acceptable
4 60 F L Thyroidectomy 2 5y Shortness of breath, 7 Yes Tracheotomy

dyspnea,cough in place
5 59 F R Acoustic neuroma 2y Hoarseness, air- 2 No Acceptable

way obstruction

6 71 M L Carotid 4mo Hoarseness 2 No Persistent
endarterectomy granuloma

7 62 F R Removal of neck 2 1.5 Y Dysphonia Yes Tracheotomy
neurilemoma in place

8 58 F L Thyroid 5.5 y Throat pain with 2 No Improved
lobectomy phonation

9 70 M L Excision of neck mass ?5-1O y Hoarseness, 2 No Acceptable
pneumonia

The Teflon granuloma was examined with the

operating microscope (2x to lOx) and palpated with
a No.5 microsuction. A preoperative photograph
was taken with a 35-mm camera coupled to a 00

Hopkins rod telescope. An attempt was made to

expose the granuloma via a micro flap approach as

previously described.If Special microinstruments

designed for this procedure were used. An incision
was made in the most lateral part of the superior
surface of the vocal fold with either the sickle knife or

the carbon dioxide (C02) laser (Sharplan 1060) de
livered via a 0.25-mm microspot (Sharplan) to make
a series ofsingle-pulse burns (4 W, O.l-second pulse)
through the mucosa along the proposed incision. The
incision was deepened to Reinke's space by means of

up-cutting microscissors. The mucosal cover was

elevated from the underlying granuloma from lateral
to medial with flap elevators and microscissors.
Granuloma tissue was ablated or excised with the
laser in repeat mode, 4 to 8 W, O.l-second pulse
duration. Superpulse mode was used in one case in
which the granuloma was particularly resistant to

ablation. Oozing was controlled with neurosurgical
pledgets moistened with 1: 10,000 epinephrine hy
drochloride or with a defocused laser.

Because the granuloma was often a poorly defined
mass involving nearly all ofthe thyroarytenoid muscle,
complete removal of the granuloma would require a

complete cordectomy, resulting in an unacceptable
voice and a risk of aspiration. The goal of excision,
therefore, was to remove enough granuloma tissue to

improve the airway but preserve enough tissue to

provide a straight edge against which the contralat
eral vocal fold could vibrate. A wedge of granuloma

tissue was removed or ablated from the most lateral

portion of the vocal fold, and the remaining tissue
was contoured to approximate as nearly as possible
the shape of a normal vocal fold in the median

position. Care was taken to work as far laterally as

possible and avoid manipulation of the free edge of
the vocal fold. The microflap was then returned to its

original position. Photographs were taken, lidocaine

hydrochloride (4%, 5 mL) was sprayed on the vocal
folds to protect against laryngospasm, and the laryn
goscope was removed.

Unless overnight observation for a questionable
airway was indicated, the patient was discharged the
same day following surgery. Ranitidine hydrochlo
ride (150 mg twice a day for 30 days) and trimethoprim
80 mg, sulfamethoxazole 400 mg (twice a day for 10

days' were prescribed. Voice rest for up to 7 days was

also used in some cases. The first follow-up visit was

usually in 4 weeks, when indirect laryngoscopy and

videostrobolaryngoscopy were repeated.
Nine patients with Teflon granuloma were re

ferred to us 4 months to 14 years after their first
Teflon injections (see Table). There were three men

and six women ranging in age from 43 to 71 years.
Causes of initial vocal fold paralysis included

thyroidectomy or thyroid lobectomy, thoracic aortic

aneurysm, carotid endarterectomy, excision of neck
mass, and excision of acoustic neuroma. A patient
with idiopathic vocal fold paralysis had spontaneous
return of fold mobility following Teflon injection.
Five patients had received a single Teflon injection,
and four patients had received two injections. None
ofthepatients in this study had theirTeflon injection(s)
performed at our institution.
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Fig 1. (Case 1) A) Computed tomogram showing right-sided subglottic mass. B) Tomogram showing right
sided glottic and subglottic mass and compromised airway. C) Microlaryngoscopy showing mass within

right vocal fold. Vocal fold is erythematous and misshapen.

Three patients complained of shortness of breath
or airway obstruction. Two patients reported throat

pain or a sensation ofa lump in the throat. Six patients
complained ofhoarseness ordysphoniawith a strained
voice.

Seven patients gave a history of immediate voice

improvement after injection, followed by gradual
deterioration ofthe voice over the next several months
to years. Two patients simply reported no voice

improvement following injection.

CASE REPORTS

The three cases selected demonstrate a severe case,
a mild case, and a typical case of Teflon granuloma.

Case 1. A 70-year-old woman was referred in

January 1989 after an emergency room visit for
chronic shortness ofbreath that had been exacerbated

by an upper respiratory tract infection. She had suf
fered right vocal fold paralysis following total

thyroidectomy in 1974 for a goiter. Her right vocal
fold was injected with Teflon in 1974 and again in
1975. She described progressive shortness of breath
and exercise intolerance over the ensuing 14 years.

Laryngoscopy revealed a large submucosal mass

within the right true vocal fold. The left fold appeared
normal and was mobile. A CT scan (Fig lA) and a

plain tomogram (Fig IB) showed a mass within the

right glottis and subglottis with airway compromise.

She was taken to the operating room, where local

tracheotomy was performed. Microlaryngoscopy
showed a firm, immobile mass with a large subglottic
component (Fig lC). The mass was partially excised
with the C02 laser. The microflap technique was

used to preserve the mucosal cover. Because the

granulomahad diffusely infiltrated the vocalis muscle,
dissection was difficult. Histologic examination of
the excised material revealed foreign material with a

foreign body reaction consistent with the diagnosis of
Teflon granuloma.

She was returned to the operating room in March
1989. The right vocal fold mass was slightly reduced
in size, but retained a persistent subglottic compo
nent. An endoscopic right partial cordectomy was

performed with the C02 laser. No microflap was

used.
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In April and again in June 1989 she was examined
in the operating room and found to have persistent
granuloma in the right vocal fold, as well as some

granulation tissue in the trachea above the trache

otomy tube. On both occasions the granuloma was

debulked further and the granulation tissue within the
trachea was removed with the C02 laser. Her glottic
airway remained inadequate.

Over the next 6 months no further procedures were

performed. The granuloma had reduced to 50% of its

original size. However, we noted at this time that the
left vocal fold had decreased mobility. By January
1990 the left vocal fold was nearly completely immo
bile. The right fold continued to decrease in size; only
some residual granuloma remained within the ven

tricle. The airway was still too small to consider
decannulation.

The following month a right endoscopic laser

arytenoidectomy and partial cordectomy was per-

Fig 2. (Case 2) A) Microlaryngoscopy showing mass

within anterior portion of left vocal fold. B) Elevating
microflap revealed abscess within vocalis muscle. C)
Aspirating abscess significantly debulked vocal fold. Suc
tion tube is visible in upper part of photograph.

formed. The procedure was revised in May. Recur
rent granulation tissue within the trachea above the

tracheotomy site was also removed.

Her last procedure was in June 1990. The right
vocal fold was debulked further, and persistent
suprastomal granulation tissue was again removed.
Her tracheotomy tube was plugged following sur

gery, and she was decannulated the following day.
Her voice and airway have been acceptable since that
time.

Case 2. A 55-year-old man developed paralysis of
the left vocal fold from a thoracic aortic aneurysm.
The paralysis persisted after the aneurysm was re

paired in October 1988. A Teflon injection in June
1989 improved his voice initially, but he gradually
became hoarse and had to "strain" to speak.

He was referred in December 1989. Videolaryn
goscopy showed a paralyzed, erythematous left vocal
fold that was bowed medially in its anterior third.
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Fig 3. (Case 3) A) At patient's second microlaryngoscopy, left vocal fold mass persisted. B) Granuloma was again
debulked via microflap approach and carbon dioxide laser. Laser ablation of Teflon left behind thick, black char.

During phonation posteriorglottic incompetence was

seen. Stroboscopy showed a normal mucosal wave

over the right vocal fold. The mucosal wave on the
left was absent.

He was taken to the operating room for micro

laryngoscopy and debulking of the granuloma via a

microflap approach. The granuloma occupied the
anterior and middle thirds of the vocal fold (Fig 2A).
When the microflap was elevated, an abscess and a

cavity filled with serosanguinous fluid were found
within the vocalis muscle (Fig 2B). Aspiration of
these and excision of the granuloma significantly
debulked the left vocal fold (Fig 2C). Follow-up 1
month later revealed a markedly improved voice and

improved posterior glottic closure.

Case 3. A 43-year-old woman employed as a

teacher developed hoarseness and a left vocal fold

paralysis for which no cause was found. Two Teflon

injections restored a usable voice, but over the next 3
years her voice deteriorated. During this time her left
vocal fold spontaneously regained movement. Re
moval of Teflon from the vocal fold was attempted
by the referring physician, but her voice did not

improve following this procedure.
On her referral visit in July 1990, she complained

of hoarseness that often progressed to complete loss
of voice. Her ability to teach was severely impaired.
Laryngoscopy via a flexible endoscope showed a

large submucosal infraglottic mass in the left vocal
fold. Videostroboscopy showed an absent mucosal
wave on the left and a weak, aperiodic mucosal wave

on the right.
She went to the operating room for microlaryn

goscopy and debulking of the left vocal fold by the

C02 laser and the microflap approach. Examination
under high magnification showed a dehiscence in the

infraglottic mucosa where the granuloma had pen
etrated it from beneath. The microflap was elevated
in the subglottic area with great difficulty. Frequent
bleeding was controlled with adrenalin-soaked cot

tonoids. Necrotic vocalis muscle was debrided.

Follow-up at 1 month and 4 months postopera
tively showed some voice improvement. Examina
tions showed persistence of the left infraglottic mass.

Videostroboscopy showed an improved mucosal wave

on the right side. She was returned to the operating
room for microlaryngoscopy and further debulking
of the granuloma (Fig 3). At 3-month follow-up her
voice was still rough, but speaking required much
less effort. She was able to teach the following
semester.

RESULTS

These nine patients have undergone one to eight
endoscopic procedures each, for a total of 27 endo

scopic procedures. Review of the operative notes

reveals similarities regarding the descriptions of the

granulomas and the difficulties encountered in re

moving them. The granulomas are described as rock
hard masses involving almost the entire vocal fold.

They often have penetrated and destroyed the overly
ing mucosa from beneath, making the microflap
difficult to elevate. There is also frequently a large
infraglottic component that is difficult to reach

endoscopically. Debulking the granulomas with the
C02 laser proceeds slowly, with frequent interrup
tions for hemostasis using adrenalin-soaked cotton

oids, defocused laser, or both.
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Three patients required tracheotomy. In two pa
tients tracheotomy was performed electively before
the first endoscopic procedure. The third trache

otomy was urgently performed for shortness ofbreath
and stridor on- the evening following the patient's
first endoscopic procedure. A fourth patient was

urgently returned to the operating room on the evening
following surgery for additional vocal fold debulking
because of airway compromise.

To date five patients have achieved an "accept
able" result as previously defined. In four of these
five patients there is a direct relationship between the
amount of time from the first Teflon injection to

presentation and the number of procedures required
to achieve an acceptable result. One patient (case 2),
presenting 9 months after injection, had an accept
able result from a single procedure. Two patients
(cases 3 and 5), presenting 2 to 3 years after injection,
required two procedures. The fourth patient (case 1),

I injected 14 years prior to presentation, required eight
procedures, including tracheotomy. Arytenoidectomy
and partial cordectomy were then required for
decannulation. Among the fourpatients who have not

yet achieved an acceptable result, one (case 4) was

injected 5 years before presentation and has to date

undergone seven endoscopic procedures.

DISCUSSION

AlthoughTeflon injection for unilateral vocal fold

paralysis has gained widespread popularity, the limi
tations of the procedure have been recognized in
recent years. The worst of these include the irrevers
ible nature of the procedure, the low margin for error

in the location and quantity of the injection.? the risk
of Teflon migration and/or granuloma formation, 10

and the risk of spontaneous return of fold movement

following injection.4,9,11 Other shortcomings include
the nonphysiologic mass, tension, and vibratory prop
erties of the injected fold9,10 and the need for awake

Iaryngoscopy.l- A number of alternatives have been

proposed, including ansa hypoglossi to recurrent
nerve anastomosis.I'' fold injection with fat13 or col

lagen,12 nerve-muscle pedicle transfer.l" and typeI
thyroplasty-Silastic block medialization of the para
lyzed fold. 11

Granuloma formation following Teflon injection
is rare. It has a reported incidence of less than 1 %.1,5
Reports of removal of Teflon granuloma describe

good results, often with a single procedure. The

granuloma is removed through an opening in the

superior aspect of the true fold5 or the false fold.15

Hom and Ded05 described a series of 12 Teflon
injected patients with convex vocal folds and hoarse-

ness. Of these 12, 1 was reported to have a granuloma.
Ten were debulked via a superior cordotomy ap
proach. Only 4 of these 10 were adequately treated
with a single procedure. The remainder required up to

three procedures. Seven patients had a "good to

excellent" voice result. No airway difficulties were

described, and none of the patients required trache

otomy.P
Patients in our series, however, had both airway

and voice difficulties and required up to eight endo

scopic procedures each. Three patients required tra

cheotomy to secure a safe airway. Using subjective
criteria (see Materials and Methods), we have found
that only five of the nine patients have an acceptable
voice and airway. We acknowledge, however, that
our series suffers from the selection bias inherent in
a tertiary referral laryngology practice. We also ac

knowledge that both the "acceptable result" criteria
and the data to which they are applied are subjective.
Our evaluations would be improved by including
more objective tests such as flow volume loops and
airflow rate during phonation.

Surgical Technique. In vivo ablation of Teflon

granuloma by the C02 laser has been described.
Because of the fear of Teflon ignition from laser

impact, use of the laser has been limited to the
mucosal incision only.15 We have tried granuloma
removal using conventional techniques and have
encountered unacceptable bleeding. Furthermore, the
risk of laser impact igniting a mature granuloma is
small. 15 We therefore use the C02 laser in the repeat
pulse mode for granuloma removal. Tissue is ablated
with a focused 0.25-mm microspot, and bleeding is
controlled with a defocused spot and neurosurgical
pledgets moistenedwith 1: 10,000 epinephrine. While

bleeding still occurs during laser removal, it is less

frequent and more easily controlled.

In our series of nine patients we have encountered

surgical difficulties not described in the literature.

Debulking the granuloma is a slow, arduous process
requiring up to 2 hours oflaser use. Despite the use of
the laser, bleeding is frequent. Ablated Teflon leaves
behind a thick, tenacious char. The mucosa is often
dehiscent over the granuloma, and the granuloma
often has a significant subglottic component. The
microflap used to gain access to the granuloma is
therefore not always preserved completely intact.
However, because the mucosal cover is at least par
tially preserved, scarring is reduced, and future pro
cedures are made easier.

Many of these difficulties are related to the physi
cal properties ofTeflon. Polytetrafluoroethylene (Tef
lon) is a heat-stable compound with an absorbance
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peak between 800 and 900 run,16 well away from the

1O,600-nm wavelength of the C02 laser. Teflon is

extremely heat-stable, requiring temperatures in ex

cess of 500°C for thermal dccomposition.!? This
thermal stability allows much higher temperatures to

be reached during laser impact than in normal tissue,
which quickly vaporizes on reaching 100°C. Abla
tion ofTeflon with the C02 laser may therefore cause

thermal damage to the surrounding tissues. We be
lieve, however, that the 0.25-mm microspot mini
mizes thermal damage and makes use of the C02
laser practical in this setting.'

Tissue Response to Teflon. The tissue reaction

following Teflon injection is a classic foreign body
response and probably occurs following all Teflon

injections. Teflon paste is a 50-50 mixture of Teflon
and glycerin. Teflon particles in the paste range in
size from 50 to 100 Jlm.18 Within 48 hours after

injection an acute inflammatory response occurs that
is characterized by polymorphonuclear leukocytes
and edema. 19 Larynges examined 4 weeks following
injection show mononuclear cells accumulated at the

edge of the Teflon mass. At 3 months, strands of
fibrous tissue have infiltrated the Teflon.18 By 6
months postinjection this is replaced by a typical
foreign body reaction consisting of dense collag
enous tissue and giant cells containing glassy, bire

fringent material. This material is identified as Teflon

by its characteristic infrared absorbance and x-ray
energy dispersion patterns.ls Granulomas over 10

years old contain Teflon granules as small as a few
microns in diameter.18 The reaction is very infiltra
tive and usually involves much of the thyroarytenoid
muscle. As stated by Rubin,2O excising a granuloma
without removing most of the thyroarytenoid muscle
is difficult.

This literature review suggests that Teflon granu
lomas reach histologic maturity approximately 6
months after fold injection. It is interesting, then, that
some patients in this series developed symptoms over

several years following a period of voice improve
ment immediately after injection. We have also ob
served a direct relationship between the interval from
Teflon injection to initial presentation and the num-

ber of procedures required to achieve an acceptable
result. In other words, older granulomas seem to be
more severe and more difficult to treat. This suggests
that a Teflon granuloma may continue to proliferate
in a slow but unpredictable manner long after it is

histologically mature. The granuloma grows as long
as there is extracellular Teflon to stimulate giant cell

activity and proliferation. lithe granuloma ever be
comes large enough or invades a critical area (ie,
infraglottic area, vocalis muscle, or anterior vocal

fold), symptoms of hoarseness, strained voice, or

airway compromise develop,
It is also possible that surgical manipulation of the

granuloma might further stimulate its proliferation.
This might explain why these granulomas persist
even after multiple attempts at excision. The first
case presented (case 1) is particularly interesting in
this regard. After four endoscopic procedures for

granuloma limited to the right vocal fold, the process
appeared to spread to the left arytenoid, causing its
fixation. We believe that surgical manipulation may
have stimulated further granuloma formation and
invasion of the contralateral larynx. It is possible,
however, that scarring and inflammation from mul

tiple endoscopies and excisions may have been re

sponsible. Biopsy of the posterior cricoarytenoid
muscle or contralateral cricoarytenoid joint would

probably help answer this question, but carries the
risk of further injury in a critical area of the larynx.

CONCLUSION

Teflon granuloma of the vocal fold is a rare com

plication ofTeflon injection. Endoscopic excisionby
C02 laser of these granulomas presents surgical
difficulties not previously described. Laser ablation
of granuloma is a slow process resulting in thermal

damage to surrounding tissue. Several procedures are

often required to achieve an acceptable airway and
voice. Tracheotomy is sometimes required to ensure

a safe airway until granuloma is adequately excised.
Furthermore, the process of surgical manipulation
and excision may stimulate further growth of the

granuloma. This study helps the otolaryngologist
head and neck surgeon understand this destructive

process and the challenges in surgical rehabilitation.
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SITES OF PREDILECTION IN RECURRENT RESPIRATORY
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Florid and widespread respiratory papillomatosis is a devastating disorder occurring in a subset ofpatients with recurrent respiratory
papillomatosis, and it poses a major dilemma for the patient and the surgeon. Contrary to common belief, the distribution of papilloma
lesions is not random, but follows a predictable pattern, with lesions occurring at anatomic sites in which ciliated and squamous epithelia
are juxtaposed. The predominant sites of disease in recurrent respiratory papillomatosis are the limen vestibuli, the nasopharyngeal
surface of the soft palate, the midzone of the laryngeal surface of the epiglottis, the upper and lower margins of the ventricle, the
undersurface of the vocal folds, the carina, and bronchial spurs. These sites have the common histologic feature of a squamociliary
junction. Papillomata also occur at the tracheostomy tract and at the midthoracic trachea in patients with tracheostomies. At the latter
sites, abrasion injury to ciliated epithelium heals with metaplastic squamous epithelium and creates an iatrogenic squamociliaryjunction.
The apparent preferential localization of papilloma at squamociliary junctions has at least 2 implications: first, that detection of occult

asymptomatic papillomata is enhanced by careful examination of squamociliary junctions, and, second, that iatrogenic papilloma
"implantation" is preventable by avoiding injury to nondiseased squamous and ciliated epithelia.

KEY WORDS - epithelium, human papillomavirus, recurrent respiratory papillomatosis, sites of predilection.

INTRODUCTION

Respiratory papilloma, a histologically benign
neoplasm, canbe either solitary or, in its most trouble
some form, multiple; the lesions are caused by human

papillomavirus (HPV) types 6 and 11. The growth
and spontaneous regression ofpapillomas are unpre
dictable, but recurrent growth after apparent com

plete endoscopic excision has frustrated generations
ofotolaryngologists. The common view is that recur

rent respiratory papilloma (RRP) lesions are ran

domly distributed throughout the respiratory tract

without apparent pattern. This report has been stimu
latedby the clinical observation thatpapilloma distri
bution is not random, but rather, the lesions occur at

sites with a squamous-ciliary junction.

Molecular hybridization techniques have identi
fied over 60 HPV types. 1 Types 62 and 113 are

associated with respiratory tract papillomatosis, and

specific viral subtypes may be correlated with dis
ease severity and clinical course." The present under

standing is that HPV establishes itself in the basal

layer, where viral DNA enters the cell, and elaborates
RNA to produce viral proteins.l Early viral gene
expression in the stratum spinosum is associated with
acanthosis and cellular proliferation. In the mature

layers of epithelium, late genes direct production of

proteins related to capsid assembly. Identification of
HPV virions by the peroxidase-antiperoxidase tech-

nique has demonstrated internal capsid antigen in the
mature outer layers of the epithellum.s+ and in situ

hybridization demonstrates HPV DNA and RNA in
the basal and parabasal cells.f

Human papillomavirus DNA has been demon
strated in clinically normal epithelium of patients
with active RRP and also in patients during clinical
remission.? This finding identifies a potential virus
reservoir for reinfection and new lesion production.

CLINICAL SITES OF DISEASE

A composite ofpublished reports ofdisease sites in
over 400 RRP patients indicates that the larynx is
diseased in the largest proportion of cases; the true

vocal folds, epiglottis, and false vocal folds are the
sites most often specified (see Table10-18). In a 66-

patient multicenter RRP study.I? these same laryn
geal sites were named. In the lower respiratory tract

the distribution pattern occurs in 2 forms. Among
those patients with a tracheostomy, papillomata were

present at the mucociliary junction at the tracheos

tomy site, and in the midthoracic trachea, at a level

corresponding to the tip of the tracheostomy tube.

Pulmonary papillomatosis is observed in the periph
eral lung field. In patients without a tracheostomy,
papilloma distal to the immediate undersurface of the
vocal folds is unusual.

A pilot survey to discover occult sites of asymp-
From the Departments ofOtolaryngology-Head and Neck Surgery (Kashima), Immunology and Infectious Diseases, School of Hygiene (Mounts),
Pediatric Oncology (Leventhal), and Surgical Pathology (Hruban), The Johns Hopkins Medical Institutions, Baltimore, Maryland.
Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 11-12, 1992.
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SITES OF PAPILLOMA PREDILECI10N

No. of
Patients Frequency

With of
Site Sample Involvement

Involved Size (%) References
Nasal
vestibule 7 269 2.6 10,11
Naso-

pharynx 8 269 3.0 . 10,11
Palate 37 359 10.3 10-12

Epiglottis 6 52 11.6 13

Larynx 417 426 97.9 10-14

Trachea 37 339 10.9 10,12-16
Bronchi 20 385 5.2 12,14-17

Lung 13 515 2.5 10-12,15,17
Tracheos-

tomy site 25 65* 38.4 18
*Number of patients with tracheostomy.

J
tomatic papilloma noted an unexpectedly large num

ber oflesions in the nasopharynx and the undersurface
of the vocal folds. Papilloma at these sites was

present in approximately 15% ofRRP patients. 19 The
nasal vestibule is an additional site of papilloma
occurrence, usually as an isolated lesion, and infre

quently as part of widespread RRP.

Each of the foregoing sites exhibits the common

histologic feature of a squamociliary junction.

mSTOLOGY AT SITES OF PREDILECTION

Ciliated, so-called respiratory, epithelium covers

virtually all of the upper airway from the nasal
vestibule to the peripheral lung. Cells in this special
ized epithelium have 50 to 200 cilia per cell; synchro
nized ciliary beating transports mucous secretions,

Squamous lining (solid line), cili
ated lining (bars), and squamo
ciliaryjunctions (round dots). See
text for full description. A) Laryn
geal epithelium. B) Respiratory
tract epithelium.

111111\\11111 Ciliated

Squamous

A

which consist of a stationary liquid phase overlain by
a mobile gel phase, at sites exposed to trauma of

abrasion, impact, or pressure. Traumatized ciliated

epithelium is replaced by squamous epithelium, and
a squamociliary junction is created.

ANATOMIC SITES OF PAPILLOMA
PREDILECflON

Specific anatomic sites in which RRP lesions
occur will be enumerated (see Figure).

AnteriorNares. The squamous epithelium of the
skin continues into the anterior nares, where it forms
ajunction with the ciliated epithelium lining the nasal

cavity. The nasal mucociliary stream is directed pos
teriorly, except at the anteriormost 1 to 2 em, where
mucous flow is toward the nares and mucous secre

tions are transported to the limen vestibuli.

Nasopharynx. The ciliated epithelium of the nasal

cavity continues onto the superior (nasopharyngeal)
surface of the soft palate, where it meets the squa
mous epithelium lining the lower portion of the

palatal nasopharynx, which coapts with the posterior
wall of the nasopharynx during velopharyngeal clo
sure accompanying speech, swallowing, and cough.20

Epithelium in the palatal nasopharyngeus is subject
to abrasive trauma against the posterior oropharyn
geal wall, and a squamociliary junction results.

Larynx. The upper half of the laryngeal surface of
the epiglottis is lined by squamous epithelium, and
the lower halfby ciliated epithelium. The nonciliated

upper halfbrushes the posterior pharynx during each
swallow and is exposed to explosive airflow turbu
lence during cough. The lingual surface of the epi
glottis is exposed to bolus flow and is lined by
squamous epithelium. A squamociliary .

line sepa-

.:::

B
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rates the upper and lower halves of the epiglottis.
Vestibular Fold. The vestibular (false vocal) fold

is lined by squamous epithelium on the upper surface
andby ciliatedepithelium on its undersurface (roofof

ventricle). The vocal folds are lined by squamous
epithelium, thickest along the free border and thinner
on the upper surface of the vocal folds, where it joins
the ciliated epithelium of the floor of the ventricle,
and on the undersurface of the vocal folds, where it
meets the ciliated tracheal epithelium.

TracheaandBronchus. Thetracheal andbronchial

epithelia are ciliated. The proportion of ciliated cells
diminishes from over 50% in the trachea to 15% in the

fifth-generation broncht.s! The epithelia at the carina
and at bronchial spurs have variable cell composi
tion, and at some sites may be totally nonciliated,
particularly in older subjects.

Lungs. Gradual diminution of ciliated epithelial
cells is observed from the main stembronchus through
its successive divisions into the peripheral bronchi
oles. In the terminal bronchioles the epithelium is

primarily of a cuboidal and columnar, nonciliated

type. The alveolar sac is lined by flat, type 1 pneumo
cytes and cuboidal, type 2 pneumocytes. Ciliated,
columnar, and squamous epithelia are not present in
the alveoli.

DISCUSSION

Ciliatedepithelium undergoes squamous metapla
sia when exposed to the repeated trauma of impact,
abrasion, irritation, or exposure. Such metaplastic
epithelium, when located between the squamous and
ciliatedepithelia, has been termed transitional epithe
lium.20 Injury to ciliated epithelium is usually re

pairedby nonciliated epithelium that creates an iatro

genic squamociliary junction. Thus, after tracheos

tomy, ciliated tracheal epithelium is juxtaposed to

newly formed squamousepithelium lining the trache

ostomy tract. Additional zones ofsquamous metapla
sia and squamociliary junctions develop in the lower
trachea, where the tracheotomy tube tip produces
abrasive injury during each respiratory excursion.

Injury to tracheal epithelium due to surgical instru
mentation (suction tip, forceps, or laser impact) or

prolongedendotracheal intubation also heals by squa
mous metaplasia and results in a squamociliary junc
tion - a patch of squamous epithelium surrounded

by normal ciliated epithelium.
The squamociliary junction is identified as the

common histologic feature at anatomic sites of

papilloma predilection. Sites exhibiting this histol

ogy appear to be at increased risk for papilloma
formation; this hypothesis is supported by the occur-

renee of asymptomatic and occult papillomata at

natural and iatrogenic squamociliary junctions, iden
tified in this report. Inasmuch as HPV is the essential

etiologic agent in papilloma formation, what factors

favor establishment of active and productive infec

tion at such sites?

An eddying flowofthe mucous blanket at squamo
ciliaryjunctions may concentrate the infectious virus

particles at these sites. To our knowledge, HPV has
not been demonstrated in ciliated epithelium, either
because ofa requirement ofmature squamous epithe
lium for virus expression, or because ofan absence of
viral receptors in ciliated epithelium. Other, unspeci
fied elements such as protective factors in mucous

secretions, local immunity, and cell surface receptors
may also be relevant to the apparent resistance of
ciliated epithelium to HPV infection, but to date,
these matters remain speculative.

On the basis of available evidence, the greatest
number of virus particles is present in the papilloma
lesions, and lesser amounts are detectable in adja
cent, clinically normal epithelium.? Thus, surgical
excision of papillomatous lesions reduces the reser

voir of infecting virus, but does not achieve complete
virus eradication.

The sites of epithelial injury, such as those that
occur after surgical excision of papilloma, are at

increased risk for reinfection by virus, and lesion
"recurrence" occurs precisely at the same point. This

propensity for papilloma to recur in an excision site
or at apoint ofepithelial injury is well recognized, but

poorly understood. It is probable that HPV DNA

present in adjacent clinically and histologically nor

mal epithelium migrates into the injured site and has
a role in the formation of the "recurrence."

Squamous metaplasia in tracheal epithelium after

tracheostomy creates an iatrogenic squamociliary
junction in which papilloma development is regu
larly observed. Metaplastic squamous epithelium at

this site appears highly susceptible to HPV infection,
and papilloma is present at the tracheocutaneous

junction in a high proportion of tracheotomized sub

jects. The occurrence of tracheal papilloma is invari

ably preceded by tracheostomy, and bronchial papil
loma is preceded by tracheal papilloma, with rare

exceptions. In the midthoracic trachea, papilloma
deposits occur in 2 forms: sessile growths that occur

on the posterior wall corresponding to the convex

surface ofthe tracheotomy tube, and friable exophytic
papillomata, which develop on the anterior wall,
where the tip of the tracheotomy tube creates a

troublesomeobstructive lesion. Pulmonary papilloma
is preceded by tracheobronchial papilloma. 15

Complete clinical remission from papillomatosis
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probably does not require total eradication of viral
DNA. Although viral DNA persistence in clinically
normal tissue retains potential for disease reactiva
tion, this is reminiscent of the herpes simplex virus
infection, which remains clinically silent in host
tissues for prolonged periods and can be reactivated
following physical or psychological stress.22 Human

papillomavirus DNA remains clinically silent during
complete remission, but retains potential for relapse
such as in the immunocompromised or debilitated
host, and probably after epithelial trauma.

The apparentpreferential localization ofpapilloma
at squamociliaryjunctions has at least 2 implications.
First, the detection ofoccult asymptomatic papilloma
can be enhanced by careful examination of sites with

a squamociliary junction. Second, iatrogenic papil
loma "implantation" is reducible by avoiding injury
to nondiseased squamous and ciliated epithelium.
Tracheobronchial papillomatosis rarely occurs with
out a prior history of tracheostomy. On the basis of
this rationale, clinical management translates as fol
lows. First, tracheostomy should be avoided when
everpossible. Second, when tracheostomy is present,
every effort shouldbe made to achieve decannulation;
we have observed reduced regrowth and regression
ofestablished lesions in such cases. Other factors that

may inhibit papilloma development, such as host
immune factors, natural and induced defense mecha

nisms, and antiviral and growth-inhibiting agents,
have potentially important but presently undefined
roles in the clinical course of this condition.
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THREE-DIMENSIONAL ANALYSIS OF MURINE LARYNGEAL
DEVELOPMENT
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This study defmes the critical stages in the prenatal development ofthe mouse larynx. Three-dimensional computer-generated solid
model reconstructions display the changing anatomic relationships during laryngeal development from the earliest respiratory
primordium to the mature laryngeal vestibule. These reconstructions demonstrate that the laryngeal vestibule forms as a result of a

cephalocaudal separation of the' epithelial lamina, thereby establishing communication between the laryngeal cecum and the

pharyngoglottic duct. These results support the hypothesis that the cause of congenital supraglottic and glottic malformations is an

incomplete separation of this epithelial lamina. The infraglottic lumen remains patent during laryngeal development. Continued
lengthening of the foregut between the infraglottis and the carina forms the trachea. This is contrary to the 19th-century concept of an

ascending tracheoesophageal septum. Formation ofthe laryngeal cartilages, muscles, and innervation is portrayedby the reconstructions;
with minor variations, they correlate closely with earlier wax reconstructions ofhuman laryngeal development. Future research with this
animal model can provide additional insights into the complex mechanisms involved in congenital malformations of the larynx.

KEY WORDS - congenital laryngeal atresia, epithelial lamina, infraglottis, laryngeal cecum, pharyngoglottic duct, primitive
laryngopharynx, three-dimensional reconstruction.

INTRODUCTION

The information available on laryngeal embryol
ogy is limited to descriptive anatomic studies. Obser
vations and theories concerning normal and abnor
mal laryngeal development have been based primar
ily on histologic sections of human embryos and/or
wax reconstructions.

Conflicting concepts of the origin of the laryngeal
cavity and vestibule have been proposed. These con

cepts will be presented in greater detail in the Discus
sion. The main controversy appears to be the determi
nation of the level of the cephalic end of the trachea.
Kallius1 (1897), Frazer2(191O), andWalander-' (1950)
accepted the theory ofHis4 (1885), which described
an ascending tracheoesophageal septum that began
behind the respiratory diverticulum and reached the
level of the fourth pharyngeal pouch (pharyngeal
floor) in the process of forming the trachea. His
assumed that the cephalic end of the trachea was

located at the level of the pharyngeal floor. Con
versely, Zaw-TunS (1982) proposed that the cephalic
end of the trachea was separated from the pharyngeal
floor by a foregut segment called the primitive
laryngopharynx, and he assumed the cephalic end of
the supraglottis to be at the level of the pharyngeal
floor. In view of the persistence of these opposing
concepts, there has been no consensus of opinion

regarding the mechanism of congenital laryngeal
malformations.

The purpose ofthis paper is threefold: 1) to identify
the basic embryologic events in the formation of the
murine laryngeal vestibule, skeleton, and muscula
ture, 2) to determine if the critical stages in the

development of the mouse larynx parallel the devel

opmental events that have been described for the
human larynx, and 3) to attempt a correlation of the

congenital malformations described for the human

larynx (eg, posterior laryngeal clefts, supraglottic
and glottic stenosis) with critical periods in the devel

opment of the mouse larynx.
The mouse was chosen for this study for the

following reasons: 1) laryngeal development is essen

tially uniform in all mammals, 2) the genetic analysis
of murine development is well defined, and 3) em

bryos of a predetermined age can be easily and

accurately staged. Histologic sections and computer
generated three-dimensional (3-D) solid model re

constructions are presented to facilitate an under

standing of the changing anatomic relationships.

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS

The embryonic material used in this study was
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Care and Use ofLaboratoryAnimals, and the Animal Welfare Act (7 U.S.C. et seq.); the animal use protocol was approved by the Institutional Animal
Care and Use Committee (lACUC) of Albert Einstein College of Medicine.
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from CBAlJ and C57 BU6J strains of normal mice
that were cross-mated to produce CBAlC57 hybrid
embryos. Gestational age was estimated by the vagi
nal plug technique, with the day ofplug being desig
nated as gestation day 1. Pregnant female mice were

killed painlessly by cervical dislocation on the de
sired gestational days. The actual ages ofthe embryos
were determined by somite count for the first 13 days
ofgestation. Older stages were determined by somite
count plus external features (Theiler,61972). Micro

surgical technique was used to obtain en bloc speci
mens of the laryngopharyngeal region. Transverse
sections at the oral commissure cephalically and the
clavicular level caudally defined the limits of the
dissection. Laryngopharyngeal specimens were ob
tained from embryos of9, 9.5, 10, 10.5, 11, 11.5, 12,
12.5,13, 14, 15, 16, 17, and 18 days' gestation.
HISTOLOGY

Specimens were fixed in Perfix (Fisher) at 4°C for
a variable length of time, depending on the gesta
tional age of the specimen, and then processed for

paraffin embedding. Serial sections were cut at 7 urn
in axial, coronal, and sagittal planes for each gesta
tional age, and stained with a standard methylene
blue procedure. Analysis of histologic specimens
was performed at a light microscope level.

STERECON RECONSTRUCTIONS

STERECON is a computer graphics system de

signed to allow tracing ofstructural contours in three
dimensions, and the creation of 3-D reconstructions
from the contours.V It is applicable to images ob
tained through a wide range of light and electron

microscopic techniques. The system was designed at

the National Institutes of Health Biotechnology Re
source, located at the Wadsworth Center for Labora
tories and Research in Albany, NY � Two-dimen
sional images obtained from consecutive sections
from the above histologic series were used to gener
ate 3-D models.

Photographic transparencies of each section were

projected onto a screen that was the same size as a

high-resolution computer monitor. A half-silvered
mirror was used to superimpose the projected images -

onto the monitor. By means of a digitizing tablet,
color-coded lines were then drawn on the monitor

outlining the structures of interest: epithelial lining of
the foregut, foregut lumen, muscles, cartilages, arter

ies, etc. The resulting contours were stored in a data
base and then used to form wire-frame models of
the structures by using the MOSAIC portion of
MOVIE.BYU.

This work was performed on a Sun work station
with a Rastar Technologies Graphics terminal. The

wire-frame models were then transferred to a Silicon

Graphics work station and rendered as solid, shaded
reconstructions with Wavefront Technologies Visu
alizer software. This allowed anatomic structures to

be viewed in continuity, in any desired orientation,
and in relation to any other given structure. In addi
tion, internal structures could be visualized by sec

tioning the model in various planes, making the
external structures transparent. Figure 1 is a colorkey
that designates the different colors used for each
anatomic structure in the 3-D reconstruction.

OBSERVATIONS

This section describes the morphologic changes in
the laryngopharyngeal region that occur at each stage
of development. Each sequential stage of develop
ment has the appearance of specific morphological
features that did not exist at the previous develop
mental level. The important characteristic features of
each stage are identified and an attempt is made to

follow the continued presence of new structures, or

their disappearance throughout later stages. The stag
ing system used by Zaw-TunS and Zaw-Tun and
Burdi'' was adopted as the convention for classifying
observations made in this study.

Developmental arrests can lead to specific con

genital anomalies of the larynx. For example, an

interruption in the development of the laryngeal
vestibule wi11lead to supraglottic and glottic stenosis
(webs). Interruption in the development of the meso

dermal anlagen of the larynx can give rise to the
variable degrees of laryngotracheoesophageal cleft

ing. The changes that occur to the laryngeal vestibule
are described from stage 11 to adulthood. In addition,
starting at stage 14, the changes occurring in the
mesodermal anlagen of the larynx are described.

Three anatomic landmarks are critical to an under

standing of the development of the laryngeal vesti
bule: the fourth pharyngeal pouch, the infraglottis,
and the primitive laryngopharynx.

Fourth Pharyngeal Pouch. The median slit in the

pharyngeal floor that gives rise to the larynx is at the
same level as the fourth pharyngeal pouch. Contro
versy exists in the literature as to whether this slit

represents the opening into the trachea.' the glottis,2
or the supraglottis.S? In this developmental series,
the fourth pharyngeal pouch appears as early as stage
11, and is last seen in stage 16. After the disappear
ance of the fourth pharyngeal pouch, the level of the
median slit in the pharyngeal floor can be identified
between the enlarging arytenoid swellings, which
originate from the pharyngeal floor and appear by
stage 14.
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Fig 1. Color key for tissue types in three-dimensional (3-
D) reconstructions.

Infraglottis. The shape of the infraglottic lumen
has a characteristic appearance when sectioned in
both a sagittal plane (it appears as an inverted tri

angle) and in a coronal plane (it appears as an upright
triangle). This conical shape is consistent with the
adult cricovocal membrane, or conus elasticus. Dur

ing normal murine embryogenesis, the lumen of the

infraglottis always remains patent. The infraglottis is
derived from the cephalic aspect of the respiratory
diverticulum. The infraglottis is just caudal to the
level of the rima glottidis. This landmark is useful in

understanding changes of the adjacent laryngeal ves

tibule. The infraglottis is initially present in stage 14.

Primitive Laryngopharynx. During stages 11

through 15, the primitive laryngopharynx is the re

gion of the foregut that extends from the level of the
fourth pharyngeal pouch to the entrance of the respi
ratory diverticulum, or theprimitivepharyngeal floor.
After stage 15, the fourth pharyngeal pouch, which
becomes a fistulous tract, loses its continuity with the

foregut. The arytenoid swellings, however, serve as

a useful landmark in lieu of the fourth pharyngeal
pouch, since they, too, originate from the pharyngeal
floor. In addition, the respiratory diverticulum has

already differentiated into the infraglottis region by
stage 14. Therefore, after stage 15, the boundaries of
the primitive laryngopharynx become the arytenoid
swellings (cephalad) and the infraglottis (caudad).
The primitive laryngopharynx becomes temporarily
obliterated during developmentby the epithelial lam
ina, starting in stage 15; however, on its recanalization
in stage 19, it forms the supraglottis.
STAGE 11 (17-21 SOMITES, E9.5, FIG 2)

Characteristic Features.

1. The respiratory primordium is identifiable as an

epithelial thickening along the median ventral aspect
of the foregut.

2. The hepatic primordium is just caudal to the

Fig 2. Stage 11 (17-somite mouse embryo, E9.5). Lateral
view of3-D reconstruction of epithelial lining of foregut.
First evidence ofrespiratory system is indicated by epithe
lial thickening along ventral aspect of foregut called

respiratory primordium (RP). Respiratory primordium is

separated from hepatic primordium (HP) by septum trans

versum (ST), which is indicated by solid white arrow.

Septum transversum will eventually develop into central
tendon of developing diaphragm. 4 - site of developing
fourth pharyngeal pouch, DA - dorsal aorta.

respiratory primordium. Because the hepatic primor
dium appears as a diverticulum from the foregut (not
seen in Fig 2), it is probably developmentally ad
vanced compared to the respiratory primordium at

this stage. The septum transversum is a thick plate of
mesodermal tissue that separates the hepatic primor
dium and respiratory primordium and eventually
forms the central tendon of the diaphragm. A black
arrow in Fig 2 indicates the precursor region of the
fourth pharyngeal pouch. Bifurcation of the dorsal
aorta is seen in relation to the developing laryngopha
ryngeal region.

STAGE 12 (22-27 SOMITES, ElO, FIG 3)

Characteristic Features.

1. The respiratory diverticulum results from the
extension of the foregut lumen into the respiratory
primordium. Figure 3A is a schematic representation
of a lateral view of the laryngopharyngeal region that
is sectioned in a midsagittal plane. The respiratory
diverticulum is seen as an outpocketing ofthe foregut
lumen into the respiratory primordium. The cephalic
end of the respiratory diverticulum is called the

primitive pharyngeal floor. The fourth pharyngeal
pouch is at the same level as the pharyngeal floor.
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Fig 3. Stage 12 (22-somite mouse embryo, ElO). A) Schematic representation ofmidsagittal section through laryngopharyngeal
region. Respiratory diverticulum (RD) is ventral outpocketing of foregut lumen that extends into respiratory primordium (RP).
Similarly, hepatic diverticulum (HD) results from extension of foregut lumen into hepatic primordium (HP). Cephalic portion of
RD will eventually develop into infraglottic region ofadult larynx. Site oforiginofRD is calledprimitive pharyngeal floor (PPhF);
it will eventually develop into glottic region of adult larynx. Esophagus (Es) separates from RD at level of PPhF. Primitive
pharyngeal floor is separated from fourth pharyngeal pouch (4PP) by segment of foregut called primitive laryngopharynx (PLPh).
Pharyngeal floor (PhF) is at same level as 4PP. Primitive laryngopharynx will eventually develop into supraglottic region ofadult
larynx. Ht - heart, ST - septum transversum. B) Ventral view of 3-D reconstruction of epithelial lining of laryngopharyngeal
region. Respiratory diverticulum has given rise to bilateral projections called bronchopulmonary buds (BPB); they will eventually
develop into lung parenchyma. DA - dorsal aorta, 4 - fourth pharyngeal pouch.

2. The fourth pharyngeal pouch is well developed
as a lateral outpocketing of the foregut lumen (Fig
3B). The fourth pharyngeal pouch represents the
level ofthe pharyngeal floor (Fig 3A).

3. The primitive laryngopharynx is the segment of

foregut that lies between the fourth pharyngeal pouch
as its cephalic border, and the primitive pharyngeal
floor as its caudal border. The primitive laryngo
pharynx will eventually develop into the adult laryn
geal vestibule, or supraglottic region.

4. Later in this stage, bronchopulmonary buds

appear from the lateral aspect of the respiratory
diverticulum (Fig 3B; a ventral view of the foregut
region).

5. The distance between the respiratory primor
dium and the hepatic diverticulum (Fig 3B) has
increased since stage 11. Because of the differential

growths of the rapidly enlarging liver and heart

against the septum transversum, the foregut segment
between the respiratory and hepatic anlagen is length
ened. Specifically, the hepatic primordium enlarges
along the caudal aspect of the septum transversum,
whereas the developing heart is anchored to, and
enlarges along, its cephalic aspect; both contribute to
the caudocranial elongation of the foregut (Fig 3A).

STAGE 13 (28-33 SOMITES, ElO.5, FIG 4)

Characteristic Features.

1. Two primary main stem bronchi (solid curved
white arrow in Fig 4A) appear as a result of the
continued dorsocaudal elongation ofthe bronchopul
monary buds. In addition to the developing heart, the

bronchopulmonary buds are also tethered to the ce

phalic aspect of the septum transversum, and eventu

ally will develop into the lung parenchyma.
2. The carina, which represents the location of the

bifurcation of the main stem bronchi, originates from
the caudal aspect of the respiratory diverticulum.
With the continued caudal descent ofthe bronchopul
monary buds, the carina appears as a separate and
distinct region from the respiratory diverticulum.

3. The foregut segment between the fourth pharyn
geal pouch and the origin ofthe respiratory diverticu
lum becomes compressed bilaterally and elongated
dorsoventrally, forming the so-called primitive
laryngopharynx (open white arrow in Fig 4A).
STAGE 14 (34-36 SOMITES, Ell)

Formation ofLaryngeal Vestibule (Figs 5 and 6).
1. The rima glottidis develops from the entrance
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Fig 4. Stage 13 (28-somite mouse embryo, E1 0.5). A} Ventrolateral view ofepithelial lining of foregut. Bronchopulmonary buds
(BPB) have continued to be drawn dorsocaudaIly from respiratory diverticulum (RD), due to cephalic rotation of embryo and
because BPB are tethered to septum transversum, to give rise to primary main stem bronchi (curved solid white arrow). Site of
origin ofBPB is called carina (Ca). Carina develops from caudal aspect ofRD. Foregut lumen between fourth pharyngeal pouch
(4) and RD is called primitive laryngopharynx (open white arrow). Primitive laryngopharynx becomes compressed bilaterally.
St - stomach, HP - hepatic primordium. B} Ventral view of epithelial lining of foregut. Carina is seen as separate and distinct
region originating from caudal aspect of RD. Two white solid arrows indicate distance between RD and Ca. HD - hepatic
diverticulum.

Fig 5. Stage 14 (35-somite mouse embryo, Ell). A} Lateral view of 3-D reconstruction ofepithelial lining of foregut with its
associated branchial arch arteries. This reconstruction should be compared with 28-somite mouse embryo seen in Fig 4A to

identify following anatomic changes: primitive laryngopharynx (PLPh) continues to lengthen and become compressedbilaterally;
carina (Ca) continues to descend from site ofrespiratory diverticulum (RD); and esophagus (Es) becomes stretched between PLPh
and stomach (St) to give rise to thin, circular lumen. TA - thyroarytenoid anlage, BPB - bronchopulmonary buds, HD - hepatic
diverticulum. B) Ventral view of 3-D reconstruction of epithelial lining of laryngopharyngeal region. Compared with Fig 4B,
lengthening ofCa from RD is demonstrated with two white solid arrows. Lengthening ofthis foregut segment will eventually give
rise, in part, to developing trachea. C) Coronal section of embryo shown in B, showing internal lumen (dark blue). Open white
arrows indicate where bilateral compression of PLPh lumen will occur in subsequent stages. Numerals 1 to 4 - first to fourth
pharyngeal pouches.
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Fig 6. Stage 14 (36-somite mouse embryo, Ell.5). A-D) Series of axial histologic sections taken through developing
laryngopharyngeal region is demonstrated in craniocaudal sequence. A) Section taken at level of fourth pharyngeal pouch. This
represents site of origin of primitive laryngopharynx (PLPh). Laryngeal mesodermal anlagen (LMA) are seen as bilateral
triangular condensations flanking ventral lumen of PLPh. DA - dorsal aorta. B) Section taken at level of primitive pharyngeal
floor (PPhF). Slitlike shape of this lumen will eventually give rise to glottic region. This represents most caudal region of PLPh,
and occurs at site ofbifurcation of infraglottis (just caudal to PPhF) from esophagus (Es). C) Section taken at level of lumen of
infraglottis (IG), which is now separated from Es. Lumen ofIG always remains patent during normal laryngeal development. D)
Section taken at level of trachea (Tr). Shape of this lumen is becoming ovoid. (Continued on next page.)

into the respiratory diverticulum or the primitive
pharyngeal floor (Fi� 6B).

2. The infraglottis is formed. The continued caudal
descent of the carina and bronchopulmonary buds
from the respiratory diverticulum is shown by com

paring the distance separating the solid white arrows

in Figs 4B and 5B. Coronal sectioning of the 35-

somite embryo in Fig 5B is shown in Fig 5C. The

lumen appears uniform from the fourth pharyngeal
pouch level to the carina when sectioned in the
coronal plane. Open white arrows indicate the site in
which the primitive laryngopharynx will become

compressed to form the epithelial lamina. In the 36-
somite embryo, the upright-triangle shape of the

infraglottic lumen demonstrates that the infraglottis
will form just caudal to the primitive laryngopharynx
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Fig 6, continued. E) Ventral view of 3-D reconstruction of embryo developed from histologic sections shown in A-D. Note
trifurcation of right bronchopulmonary bud. F) Coronal section of embryo shown in E. Compared to embryo shown in Fig 5e,
note following anatomic changes. Region of PLPh has become compressed bilaterally, likely because of forces exerted by LMA

(purple) and fourth branchial artery (4, red). This region of compression was shown previously by open white arrows in Fig 5C.
Also, infraglottis (lG) has characteristic shape of upright triangle when sectioned in this coronal plane. Infraglottis is separated
from carina by ovoid-circular lumen of trachea. Also, at level of fourth pharyngeal pouch (4), elevation of median pharyngeal
floor, as indicated by open black arrows, will give rise to developing arytenoid swellings. G) Midsagittal section of laryngopha
ryngeal region of embryo shown in E and F. Region defined by white broken lines represents PLPh, as it extends from fourth

pharyngeal pouch (4) to IG. Laryngeal mesodermal anlagen (purple) are seen compressing this region. Infraglottis has
characteristic inverted-triangle shape when sectioned in sagittal plane. Infraglottis is separated from bronchopulmonary buds
(BPB) by developing trachea (Tr). H) Midsagittal histologic section of laryngopharyngeal region. This is mirror image of 3-D
reconstruction shown in G. Note that IG lumen is patent, has inverted-triangle shape, and is separated from BPB by Tr.

(Fig 6F). A sagittal histologic section of the same

staged embryo (Fig 6G,H) shows that the lumen just
inferior to the primitive laryngopharynx has the shape
of an inverted triangle. The upright-triangle and in

verted-triangle shape of the infraglottic lumen re-

sembles that of the adult laryngeal cavity just caudal
to the rima glottidis, ie, the infraglottis, or conus

elasticus. Therefore, the infraglottic lumen initially
demonstrates its characteristic shape when viewed
from both a coronal and a midsagittal plane (36-
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Fig 7. Stage 15 (44-somite mouse embryo, Ell.5 to E12). A-D) Series of axial histologic sections taken through developing
laryngopharyngeal region is demonstrated in craniocaudal sequence. A) Level of this section is taken at entrance to primitive
laryngopharynx (PLPh), which is bounded bilaterally by laryngeal mesodermal anlagen (LMA). B) Section taken through center
ofPLPh. Ventral aspect of lumen has become obliterated (solid white arrow) due to merging of lateral pharyngeal walls. This is
called epithelial lamina (EL). C) Section taken at level of completely patent infraglottic lumen (lG). D) Section taken at level of
trachea (Tr). Es - esophagus.

somite embryo).
3. The trachea is formed. The tracheal lumen is

uniformly circular, and results from the continued
caudal descent of the carina and bronchopulmonary
buds from the infraglottis.

4. The arytenoid swellings are formed. The close

proximity ofthe expanding fourth branchial artery to

the entrance of the primitive laryngopharynx is seen

in Fig 6E,F. In addition, the laryngeal mesodermal

anlagen (purple) are also proliferating rapidly in the

primitive laryngopharynx region. It is the combina
tion of these two forces that contributes to the forma
tion of the arytenoid swellings; bilateral longitudinal
ridges that flank the median slit in the pharyngeal
floor lead into the primitive laryngopharynx. The
forces giving rise to the arytenoid swellings are

represented by open black arrows in Fig 6F.

5. The region of the primitive laryngopharynx is
demarcated by horizontal white lines in Fig 6F. The

cephalic border is at the level of the fourth pharyngeal

pouch, or at the region of the developing arytenoid
swellings (represented by black open arrows in Fig
6F). The caudal border is at the level of the glottis, or

the cephalic portion of the infraglottis (seen as an

upright triangle in this coronal section). The primi
tive laryngopharynx continues tobecomecompressed
by the enlarging laryngeal mesodermal anlagen
(purple). A ridge is forming along the ventral aspect
of the 'primitive laryngopharynx by the compressive
force of the laryngeal mesodermal anlagen.

6. The main stem bronchi divide. In Fig 5E, the

right main stem trifurcates, whereas the left main
stem bifurcates (not seen in this view).

Formation of Laryngeal Skeleton and Muscula
ture. On either side of the primitive laryngopharynx
is a wedge-shape condensation ofmesoderm that will
give rise to the laryngeal cartilages and musculature.
These are called the laryngeal mesodermal anlagen
and they are first seen in the 36-somite mouse embryo
(Fig 6A,E-G).
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STAGE 15 (37-44 SOMITES, E1l.5-E12, FIG 7)

The characteristic feature in the formation of the

laryngeal vestibule is the formation of the epithelial
lamina (Fig 7). Because of the same forces that give
rise to the arytenoid swellings, the ventral aspect of
the primitive laryngopharynx lumen becomes com

pressed by the convergence of its lateral epithelial
walls. This is called the epithelial lamina.

STAGE 16 (45-51 SOMITES, EI2-EI2.5, FIG 8)

Formation ofLaryngeal Vestibule.

1. The epithelial lamina, which started along the
ventral aspect of the primitive laryngopharynx, has

nearly obliterated the primitive laryngopharynx ex

cept for a narrow patent pharyngoglottic duct dor

sally (Fig SC-E,I,J). The pharyngoglottic duct con

nects the hypopharynx (the lumen above the aryte
noid swellings) to the infraglottis. Since the glottic
region isjustcephalic to the infraglottic lumen (which
remains patent during normal laryngeal develop
ment), the epithelial lamina represents the normal

developmental obliteration of the supraglottic larynx
(Fig 6A,B,D).

2. The laryngeal cecum develops along the

ventrocephalic aspect of the epithelial lamina. It is a

transverse blind pouch that forms between the aryte
noid swellings dorsally, and the hypobranchial emi
nence ventrally (Fig SB-D,I-K). It eventually will
descend to the glottic level, In this stage, it descends

caudally from one third to onehalf the cephalic length
of the primitive laryngopharynx.

3. The cephalic aspects of the arytenoid swellings
(Fig SA,B and yellow in Fig 81) appear as conical

bulges that arise from the pharyngeal floor. They
flank the entrance into the primitive laryngopharynx
(Fig SL) and they will replace the fourth pharyngeal
pouch as the superior limit of the primitive laryngo
pharynx.

4. The infraglottis demonstrates its classic in

verted-triangle appearance on sagittal sectioning in

Fig 81,K. Theglottis isjust cephalad to the infraglottic
region (Fig SI,K). The infraglottis has replaced the

primitive pharyngeal floor as the inferior limit of the

primitive laryngopharynx.
Formation of Laryngeal Skeleton and Muscula

ture. The laryngeal mesodermal anlagen have con

solidated into two distinct masses; one resembles the

hyoid anlage (Fig 8H,L,M), with the presence ofboth

greater and lesser wings (Fig 8L). The other appears
as the cricothyroid anlage complex. The U-shape
thyroid (Fig SD) anlage gives rise inferiorly to three
distinct regions that form the cricoid anlage: one

ventromedian and two dorsolateral (Fig 8E,M). Fig-

ure 8L is a dorsal view of the laryngeal mesodermal

anlagen. The dorsal cleft of the cricothyroid anlage
(curved white solid arrow in Fig SL) in this view

suggests that posterior laryngeal cleft malformations

may occur secondary to cessation oflaryngeal devel

opment at this or at subsequent stages ofdevelopment
up to stage 19.

STAGES 17 AND 18 (52-64 SOMITES, E13-14, FIG 9)

Formation ofLaryngeal Vestibule.

1. Similar to stage 16, the epithelial lamina still
obliterates the primitive laryngopharynx except for
the laryngeal cecum ventrally and the pharyngoglottic
duct dorsally (Fig 9A-C).

2. The laryngeal cecum continues to descend in the
E13 embryo (Fig 9A,C), reaching its caudal limit at

the level ofthe glottis in the E14 embryo (see G in Fig
9A,C). The site of origin of the laryngeal cecum is
between the dorsal arytenoid swellings (yellow) and
the ventral epiglottis (green) in Fig 9E (curved solid
white arrow).

3. The epiglottis appears as a swelling emanating
from the dorsal aspectofthe hypobranchial eminence

(green in Figs 8L and 9E,H). Note that the arytenoid
swellings have continued to enlarge (yellow in Fig
9E,H).

4. The infraglottis is identified by its inverted

triangle appearance on sagittal sectioning (Fig 9A,C).

Formation of Laryngeal Skeleton and Muscula
ture.

1. Chondrification centers of the laryngeal meso

dermal anlagen first appear along the ventral aspect
of the hyoid anlage in E13 (Fig 9D,F), and along the
ventral aspect of the cricoid anlage in E14 (Fig 9G).

2. Lateral and dorsal fusion of the cricoid anlage
occurs in E14. Lateral fusion of the cricoid cartilage
anlage is demonstrated by comparing Fig 9D and 9G.
Dorsal fusion is seen by comparing the curved solid
white arrows fromFig SL (E12) to Fig 9F (E13) to Fig
9H (EI4), where the median groove along the dorsal

aspect of the cricoid anlage is a remnant indicating
fusion has occurred. Incomplete fusion can lead to the
different degrees ofposterior laryngotracheoesopha
geal clefting seen clinically.
STAGES 19 THROUGH 23 (E15-16, FIGS 10 AND 11)

Formation ofLaryngeal Vestibule.

1. The epithelial lamina is recanalized, as indicated

by vesicles appearing between the lateral walls of the

primitive laryngopharynx (bold black arrow in Fig
lOA,B). Eventually, the pharyngoglottic duct will be

brought into continuity with the laryngeal cecum to
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Fig 8. Stage 16 (50-somite mouse embryo, E12 to EI2.5). A-F) Series of axial histologic sections taken through developing
laryngopharyngeal region is demonstrated in craniocaudal sequence. Sections C-E are sequential sections taken through primitive
laryngopharynx. A) Section taken at level ofhypopharynx, just above entrance to primitive laryngopharynx. Arytenoid swellings
(AS) are bilateral conical elevations ofmedian pharyngeal floor that bound entrance to primitive laryngopharynx. B) As sections
progress caudally, triangular lumen appears along ventral aspect of AS, called laryngeal cecum (LC). C) Section taken at level
ofprimitive laryngopharynx. Epithelial lamina (EL) has completely obliterated lumen ofprimitive laryngopharynx except forLC,
which appears along ventral aspect ofEL. In addition, narrowly patent pharyngoglottic duct (phGD) appears along dorsal aspect
ofEL. D) Laryngeal cecum is tapered in its lateral and caudal extent. Pharyngoglottic duct continues caudally, along dorsal aspect
of EL, until it reaches infraglottic region, seen in F. A portion of laryngeal mesodermal anlage has consolidated into U-shape
region, indicating thyroid anlage (Th). E) Section taken at most caudal region of primitive laryngopharynx. Thyroid cartilage
anlage has consolidated into three distinct regions (asterisks) at level ofcricoid anlage: two posterolateral, and one ventromedian.
F) Section taken at level of infraglottis (IG). Es - esophagus. G) 3-D reconstruction of epithelial lining of laryngopharyngeal
region (derived from histologic sequence of A-F) viewed from ventral perspective. H) Laryngeal mesodermal anlagen of hyoid
(Hy), thyroid (Th), and cricoid (Cr; all purple) are superimposed on image seen in G. (Continued on next page.)
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Fig 8, continued. I) Lateral view of3-D reconstruction of foregut epithelial lining. Glass simulation was used so that internal (blue)
luminal anatomy could be visualized. Primitive laryngopharynx (PLPh) extends from floor of pharynx (level of AS; yellow) to

infraglottic region below (IG; previously cephalic end of respiratory diverticulum). Glottis (G) is just cephalic to IG. Primitive
laryngopharynx is completely obliterated except for narrow PhGD dorsally and developing LC ventrally. 1) Axial section of I.
Anatomic findings correlate with those seen on histologic section in D. K) Midsagittal histologic section that is mirror image of
3-D reconstruction seen in I. Lumen ofIG has shape of inverted triangle. Glottis region forms just cephalic to IG. Foregut segment
that separates IG from base of AS is primitive laryngopharynx (PLPh), which is depicted by black solid lines. Epithelial lamina

represents obliterated PLPh. Laryngeal cecum forms between AS and epiglottis (Ep). L) Dorsosuperolateral view of 3-D
reconstruction of laryngeal mesodermal anlagen (purple) and AS (yellow). Curved solid white arrow demonstrates dorsal cleft

along cricothyroid anlage (which corresponds to course ofPhGD). lw -lesser wing of hyoid anlage or cartilage, gw - greater
wing ofhyoid anlage or cartilage. M) Lateral view of3-D reconstruction oflaryngeal mesodermal anlagen (purple). Cricoid anlage
appears to originate from three distinct regions: two posterolateral and one ventromedian. Numerals 1 to 4 - first to fourth

pharyngeal pouches.
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Fig 9. Stages 17 and 18 (C-F are 53-somite mouse embryo. E13; and A.B.G.H are 62-
somite mouse embryo. EI4). A) Lateral view of 3-D reconstruction of foregut
epithelial lining oflaryngopharyngeal region with its surrounding laryngeal mesoder
mal anlagen (purple). Glass simulation was used to enhance visualization of internal
luminal anatomy (blue). Compared to Fig 81 (stage 16). primitive laryngopharynx is
still obliterated except for pharyngoglottic duct (PhGD) dorsally and developing
laryngeal cecum (LC) ventrally, which has, at this stage, descended to glottic (G)
region (line). Eventually, recanalization of epithelial lamina (EL) will bring dorsal
PhGD into communication with ventral LC to give rise to laryngeal vestibule, or

supraglottic larynx. Ep - epiglottis anlage. Hy - hyoid anlage, xn - 12th cranial
nerve. Tr - trachea, Es - esophagus. B) 3-D reconstruction of epithelial lining of

laryngopharyngeal region viewed dorsally after being sectioned in axial plane.
Compared to Fig 8J (stage 16), LC has continued to expand laterally. A - arytenoid
cartilage, RLN - recurrent laryngeal nerve, Cr - cricoid anlage. C) Midsagittal
section that is mirror image of A. Anatomic limits of' primitive laryngopharynx
(PLPh) are delineated with black solid lines. Compared to Fig 8K (E12), LC has
descended toward level of glottis (G). (Continued on next page.)

form the laryngeal vestibule, or supraglottis. It is first
. seen in theE15 embryo (Fig 10A,B), and the process

starts along the cephalodorsal aspect of the epithelial
lamina and progresses ventrocaudally. Figure lOB is
a coronal section that demonstrates the recanalization
of the epithelial lamina at the level of the arytenoids.
Figure lOC is an axial section that shows that the

epithelial lamina still obliterates the lumen at the

glottic level, except for the pharyngoglottic duct

along the epithelial lamina's dorsal border. Figure
llB is a histologic coronal section of an E16 embryo
at the level ofthe free vocal cords. This section shows
that recanalization is not complete ventrally. Figure
11 C is a 3-D reconstruction of the E16 mouse

laryngopharynx. The white broken lines indicate
where recanalization has not occurred. This is the
same location in which glottic webs may occur.

2. Ventricular outgrowths appear from the lateral

aspect of the laryngeal cecum (Fig 11H). The lateral
extent of the ventricular outgrowths is not as devel-

oped as in human embryos (which extend laterally to

the thyroid cartilage). The ventricular outgrowths
will form the laryngeal ventricles in the adult larynx.

3. The infraglottic lumen continues to enlarge in all
dimensions in E16 (Fig 11A,B).

Formation of Laryngeal Skeleton and Muscula
ture.

1. There is complete chondrification of laryngeal
cartilages (Figs lOCand llD,E,G).InFig lOA (E15),
the epiglottis appears to be precartilaginous; how
ever, chondrification of the remaining laryngeal
cartilages is complete. At age E16, chondrification of
the epiglottis is complete (Fig 11E,G). There is in

complete fusion of the tracheal rings, and the cunei
form and corniculate cartilages are fused with the

apex of the arytenoid in a normal mature mouse

larynx (Fig lIE).
2. The myofibrils for the muscles of the intrinsic

larynx are well developed by E15. Figure lOC is an
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Fig 9, continued. D) Lateral view oflaryngeal mesodermal anlagen (purple) superimposed on epithelial liningoflaryngopharyngeal
region (E13). Cricoid anlage (Cr) still appears as three distinct regions. Notice that chondrification center (light blue) first appears
along ventral aspect ofHy. Fusion ofcricoid anlage laterally has not yet occurred (open white arrow). E) Dorsal view ofarytenoid
swellings (yellow) and epiglottis (green) superimposed on laryngeal mesodermal anlagen seen in G. Curved white solid arrow

indicates site at which LC originates prior to its descent along ventral aspect of EL. F) Dorsal view of laryngeal mesodermal
anlagen (E13). Fusion ofmesenchyme begins at arytenoid region; however, it is incomplete caudally (curved white solid arrow).
G) Lateral view oflaryngeal mesodermal anlagen (purple) superimposed on epithelial lining oflaryngopharyngeal region (E14).
Fusion ofCr has occurred laterally. Chondrification center appears along ventral aspectofCr, and chondrification ofHy advances
dorsally compared to D. H) Dorsal view of laryngeal mesodermal anlagen (E14). Site of dorsal fusion of mesenchyme is
demonstrated by vertical line along dorsal cricoid lamina (indicated by solid white curved arrow). It has been suggested that it is
incomplete dorsal fusion of Cr that can give rise to full spectrum of laryngotracheal clefts seen clinically.

axial section through an E15 mouse larynx at the

glottic level. The thyroarytenoid and vocalis muscles
are distinguishable.

FETAL STAGE (FIG 12)
Formation ofLaryngeal Vestibule. The epithelial

lamina has completely recanalized, bringing the
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s�praglottis �to communication with the infraglottis
VIa the vocal ligaments. Figure 12 demonstrates this,
and the red color indicates the vocal ligaments.

Fig to. Stages 19 and 20 (E15 mouse

embryo). A) Midsagittal section
through laryngopharyngeal region as

vesicles are seen along dorsocephalic
aspect of epithelial lamina. Recanal
ization ofepithelial laminaprogresses
in ventrocaudal direction. Hence, last

portion oflaryngeal vestibule to reca

nalize is ventral glottic region. Chon
drification of all laryngeal cartilages
is complete except for epiglottis (Ep).
Ventral aspect of glottic region has
differentiated into vocal ligaments
(VL). Recanalization is indicated by
solid black arrow. AS - arytenoid
swellings, Hy � hyoid anlage, Th

thyroid cartilage, IG - infraglottis,
Es - esophagus, Cr - cricoid an

lage, Tr - trachea. B) Coronal sec

tion at same plane as arytenoid carti

lage (A). C) Axial sectiondemonstrat

ing persistence of epithelial lamina
(EL) at glottic level. Pharyngoglottic
duct (PhGD) is narrow patent lumen
dorsal to EL. Myofibrils of thyroary
tenoid (TA) and vocalis muscles (V0)
are demonstrated.

REVIEW OF LITERATURE

Wilhelm His4 stated that the foregut segment be
tween the lung primordium and the fourth pharyngeal
pouch formed the esophagus dorsally and the trachea

ventrally. He believed that the foregut became di
vided by an ascending tracheoesophageal septum
thatbegan as a depression that he observed behind the

lung pri�ordium in his reconstructions of the early
developing larynx. Several investigators studying
w� plate reconstructions of the laryngopharyngeal
re?I?n of the foregut supported His' theory of the

ongm of the laryngeal cavity and added their own

novel interpretations. In accepting His' theory of an

ascending tracheoesophageal septum reaching the
level of the fourth pharyngeal pouches in the process

?f forming the trachea, they assumed that the opening
m the pharyngeal floor was the cephalic end of the
trachea and esophagus.

Kallius 1 believed that the entire laryngeal cavity
developed from the floor of the pharynx, cephalic to

DISCUSSION

In Observations, the critical stages in the develop
ment of the laryngeal vestibule, skeleton, and muscu

lature were demonstrated with two-dimensional his

tologic sections and 3-D computerized solid model
reconstructions. In the present section, the history of

laryn?eal develop�ent is described by reviewing the
theones of anatomists who based their conclusions
on wax models and other types of reconstructions
derived from their histologic series. The embryology
of the mouse larynx will be reviewed in order to

compare and contrast it with the aforementioned

t?eories and to suggest how certain congenital anoma

lies of the laryngotracheobronchial system may arise
from developmental arrests at critical stages of its

development.
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Fig 11. Stages 21 through 23 (E16 mouse embryo). A) Midsagittal section oflaryngopharyngeal region. Compared to Fig IDA

(stage 19), infraglottis (IG) has continued to expand. LC -laryngeal cecum, A - arytenoid cartilage, VL - vocal ligament,
Th - thyroid cartilage, Cr - cricoid cartilage, Tr - trachea. B) Coronal histologic section of same-stage embryo at level ofVL.

Epithelial lamina (solid black arrow) has not completely recanalized at level of anterior third of glottis. Cop - copula. C) 3-D
reconstruction of laryngopharyngeal region, sectioned in midsagittal plane exposing right medial aspect of embryo. Glass
simulation is used to view luminal (dark blue) anatomy. White broken lines indicate area in which epithelial lamina has not

completely recanalized. It has been suggested that incomplete recanalization of epithelial lamina can give rise to full spectrum
of supraglottic stenosis and glottic webs seen clinically (see text). Es - esophagus. D) Lateral view of 3-D reconstruction of

laryngopharyngeal epithelial lining with superimposed laryngeal cartilages. There is now complete chondrification of all

laryngeal cartilages. (Continued on next page.)

the tracheal opening. More specifically, he thought
bilateral conical projections (arytenoid swellings)
grew up from the floor of the pharynx (level x-x in B
in Fig 131-4,9) on each side ofthe tracheal opening and
fused in the median plane, obliterating most of the

pharyngeal cavity to create the epithelial lamina.

Consequently, he concluded that the laryngeal cecum

(a potential space created along the ventral aspect of
the arytenoid swellings) resulted from the passive
growth ofthe arytenoid swellings into the pharyngeal
cavity and that this cecum would eventually become
the laryngeal vestibule or supraglottis. Thepharyngo-

tracheal duct (a potential space created along the
dorsal aspect of the arytenoid swellings) was de
scribed as the lumen communicating the hypophar
ynx above to the trachea below. Kallius1 designated
the glottic level as the ventral border of the epithelial
lamina, dorsal to the laryngeal cecum, and he con

cluded that the eventual separation of the epithelial
lamina would produce the infraglottic cavity above
the level of the pharyngeal floor.

In contrast to Kallius,1 Frazer- stated that the
tracheal opening (the sagittal slit along the pharyn-
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Fig 11, continued. E) 3-D reconstruction oflaryngeal cartilages viewed dorsally. Note incomplete dorsal fusion of tracheal rings.
Posteriorcricoid lamina is fully fused and chondrified. F) Coronal section ofE. This section correlates with histologic section seen

in B. Early communication between LC and IG is shown by solid white arrow. G) Cephalodorsal view of laryngeal cartilages.
Hy - hyoid, Ep - epiglottis, lw -lesser wing ofhyoid, gw - greater wing ofhyoid. H) Axial section ofG at level oflaryngeal
ventricles. Ventricular outgrowths (VO) are seen as bilateral extensions of LC.

geal floor) was the level of the glottis and that the
tracheal lumen immediately caudal was the infraglot
tis. He believed that the sixth branchial arch meso

derm compressed and obliterated the tracheal lumen

immediately below the glottic opening in the pharyn
geal floor to create the epithelial lamina. Further
more, Frazer- maintained that the rapid proliferation
of the sixth branchial arch mesoderm along its

cephalodorsal border (arytenoid swelling region)
against the epiglottic swelling would "carry the sag-

ittalline [level of the glottis] in the same direction,"
thus forming the laryngeal cecum. In accordance
with Kallius,l Frazer- believed that the laryngeal
cecum eventually became the supraglottic vestibule.
The "displaced sagittal line," or the cephaloventral
border of the epithelial lamina, became the glottic
level in Frazer's description of laryngeal develop
ment. Separation of the epithelial lamina gave rise to

the infraglottic cavity, below the level of the original
pharyngeal floor.
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Walander3 studied rat embryos and fetuses and
postulated that the epithelial lamina formed as a

median ventrocaudal outgrowth from the pharyngeal
floor, cephalic to the tracheal opening. He observed
the laryngeal cecum growing ventrocaudally along
the ventral order of the epithelial lamina, and he
stated that this gave rise to the laryngeal vestibule. In
addition, a pharyngotracheal duct formed along the
dorsocaudal aspect of the pharyngeal cavity because
of the proliferating epithelial lamina. He believed
that the pharyngotracheal duct gave rise to the

infraglottic cavity by expanding cranially, and hence

placed the glottis at the level of the epithelial lamina,
between the expanding vestibule craniad and the

infraglottic cavity caudad.

In contrast to the foregoing hypotheses, Zaw-TunS
showed that no such tracheoesophageal septum ex

ists even as a transitory structure during laryngeal,
.

development. He demonstrated that the separation
between the esophagus and trachea resulted from the
ventrocaudal outgrowth of the respiratory primor
dium as a diverticulum from the caudal end of the

laryngeal sulcus of the foregut. Zaw-TunS and Zaw
Tun and Burdi9 further demonstrated that the respira
tory diverticulum bifurcates ventrocaudally into lung
buds, which in turn draw out a stalk that gives rise

cephalocaudally to the glottic opening, the infraglottis,
and the trachea. Zaw-TunS showed that the sagittal
slit seen along the pharyngeal floor by his predeces
sors did not lead to the cephalic end ofthe trachea, but
rather is the entrance to theprimitive laryngopharynx,
the foregut segment between the fourth pharyngeal
pouch and the level of the respiratory divertic�lum.
Compression by the pharyngeal mesoderm 1D the

region of the primitive laryngopharynx obliterates
the foregut lumen ventrodorsally as far craniad as the
fourthpharyngealpouch, forming an epithelial lamina
with a narrow pharyngoglottic duct along its dorsal
border. The laryngeal cecum actively grows in a

caudal fashion along the ventral border of the epithe
lial lamina to a point just above the glottic level.
Eventually, the epithelial lamina separates cephalo
caudally,

.

bringing the cecal lumen into continuity
with the pharyngoglottic duct to form the laryngeal
vestibule.

The basis for Zaw-Tun's theory for laryngeal de

velopment is consistent with Negus'J'' original con

cept that the respiratory apparatus develops as a

ventral outpouching from the foregut, the entrance of
which becomes the glottis. Negusl? demonstrated in
fish and in mammals that the evolution of the larynx
shows the early development of a muscular sphincter
that surrounds the glottis at the cephalic region of the

respiratory diverticulum. Mammals develop both a

sphincter and surrounding laryngeal cartilages.

Fig 12. Fetal stage (Bi8 mou�e em�ryo). 3-� r�onstruc
tion thatwas oriented and sectioned m plane similar to that
shown in Fig llC (midsagittal section�. There �s full
communication between lumen (blue) of infraglottis (IG)
and laryngeal cecum (LC). �s represents .complete re

canalization of epithelial lamma. Vocal ligaments are

indicated by red.

O'Rahilly and Mullerll described the develop
mental stages of the human embryo based on the

following sequence of events: in stage 10, the first
indication of the respiratory system was represented
as a median pharyngeal groove. They described the

development of the laryngopulmonary sy.stem �s a

"respiratory tap," with the pulmonary primordium
initially appearing as a paired structure. By stage 12,
the lung bud grows caudally into the mesenchyme
ventral to the foregut. The portion of the mesenchyme
that comes to lie between the respiratory and diges
tive tubes, and that is bounded by the adjacent parts
of their epithelium, was believed to constitute the

tracheoesophageal septum. They believed that the

septum was present from the initial appearance of the

lung buds (stages 12 and 13) and w_as a necessaI?'
accompaniment of the normal separation ofthe respi
ratory and digestive tubes. Contrary to their prede
cessors, however, O'Rahilly and Muller claimed that
the separation point between the respiratory and

digestive systems did not migrate rostrally, but rat�er
remained at a constant somitic-vertebrallevel, while
the tracheal bifurcation descends. Therefore, rather
than subscribing to an "ascending tracheoesophageal
septum," O'Rahilly and Muller described in essence

a "descending tracheoesophageal septum" as the

epitheliomesenchymal separation becomes longer
by addition at its caudal end. O'Rahilly and Muller
described the presence of an epithelial lamina that

eventually recanalized to give rise to the laryngeal
vestibule. In contrast to Zaw-Tun, however, they
described the formation ofa "pharyngotracheal duct"
and a "vestibulotracheal duct."

Muller et al12 made interesting observations con-
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lV""""-.l �.&N:r- E5

TE septum TE septum

TO

Fig 13. Four historical concepts ofdevelopment oflaryngeal cavity. Kallius 1 (A-C), Frazer (D-F), and Walander (G-I) accepted
concept of tracheoesophageal septum originally proposed by His.4 Zaw-Tun and Burdi9 (J-D) showed that tracheoesophageal
bifurcation was separated from level of fourth pharyngeal pouch by foregut segment called primitive laryngopharynx (PLPh).
Stippling indicates epithelial lamina (EL) or area of fusion believed to temporarily obliterate part of laryngeal cavity. x-x plane
represents what Kallius1 assumed to be original level of pharyngeal floor. (Reprinted with permission.')

cerning the formation and dissolution of the epithe
liallamina. They demonstrated that after fusion ofthe
lateral pharyngeal walls, the lamina increases in
surface area and in thickness, with cells arranged
irregularly. In stage 23, disruption of the epithelial
lamina was shown to be an active process that com

prised rearrangement and growth, but not the loss of
cells.

DEVELOPMENT OF LARYNGEAL VESTIBULE

Summary of Critical Morphological Events. The

respiratory primordium is an epithelial thickening
along the ventral aspect of the developing foregut
region that appears during stage 11. Anatomically,
the respiratory primordium is caudal to the level of
the developing fourth pharyngeal pouch (Fig 2).

In stage 12, the foregut lumen expands into the

respiratory primordium region to form the respira
tory diverticulum (Fig 3A). The cephalic end of the

respiratory diverticulum is called the primitive pha
ryngeal floor. The segment of foregut between the

primitive pharyngeal floor and the fourth pharyngeal
pouch, or the level of the pharyngeal floor, is called

theprimitive laryngopharynx. The primitive laryngo
pharynx will eventually develop into the adult supra
glottis. Later in stage 12, bronchopulmonary buds

appear as lateral expansions that emerge bilaterally
from the respiratory diverticulum (Fig 3B).

The caudal end of the respiratory diverticulum
(which will become the carina) is attached to the

cephalic aspect of the septum transversum (Fig 3A).
We suggest that the respiratory diverticulum is sub

ject to the dynamic forces of the rapidly expanding
heart and liver adjacent to the septum transversum.
As a result, stages 13 and 14 are characterized by the

lengthening of the bronchopulmonary buds from the

respiratory diverticulum. The respiratory diverticu
lum will give rise to the glottis, infraglottis, carina,
and the tracheobronchial system, as follows.

1. The rima glottidis develops from the entrance

into the respiratory diverticulum or the primitive
pharyngeal floor.

2. The infraglottis develops from the cephalic
aspect of the respiratory diverticulum. It takes on a
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conical shape with the continued descent of the

bronchopulmonary buds and carina from the respira
tory diverticulum. The infraglottis has a characteris
tic upright-triangle shape when sectioned in a coronal

plane (Fig 6F), and an inverted-triangle shape when
sectioned in a midsagittal plane (Fig 60). Bilateral

compression of the caudal aspect of the primitive
laryngopharynx, first seen in Fig SC, contributes, in

part, to the characteristic shape of the infraglottic
lumen.

3. The carina develops from the caudal aspect of
the respiratory diverticulum, and is anatomically
located at the bifurcation of the main stem bronchi

(Figs 4B and SB).

4. The bronchopulmonary buds differentiate into
the lung primordium. Dorsocaudal descent of the

bronchopulmonary buds pulls the level of the carina

inferiorly and gives rise to the main stem bronchi (Fig
4A). Further differentiationofthebronchopulmonary
buds gives rise to the superior, middle, and inferior
lobar bronchi on the right side (Fig 6E).

S. The trachea arises from the continued caudal
descent of the carina from the cephalic end of the

respiratory diverticulum, or infraglottis. Anatomi

cally, the lumen is uniformly circular. Phylogeneti
cally, it appears subsequent to the presence of the

infraglottis and the lung primordium.

The primitive laryngopharynx, which was seen as

early as stage 12, becomes compressed bilaterally
because of the rapidly enlarging laryngeal mesoder
mal anlagen, and the lateral walls are brought to

gether in a ventrodorsal direction. The fusion of the
lateral walls of the primitive laryngopharynx gives
rise to the epithelial lamina seen in stages 14 and IS.
Figures 6F and 7B demonstrate the early formation of
the epithelial lamina as the ridge seen along the
ventral aspect of the primitive laryngopharynx. In
addition to the enlarging mesodermal anlagen of the

developing larynx, Zaw-Tun and Burdi9 have sug
gested that the enlarging fourth branchial arch artery
compresses the ventral aspect of the pharyngeal floor
of the foregut and gives rise to the arytenoid swellings
(Fig 6F, open black arrows), and the enlarging third
branchial arch artery participates in giving rise to the

hypobranchial eminence (not seen in diagram).

During stages 16 to 18, the epithelial lamina com

pletely obliterates the lumen ofthe primitive laryngo
pharynx, except for the narrow pharyngoglottic duct

along its dorsal aspect. The pharyngoglottic duct

bridges the hypopharynx with the infraglottic region
(Fig 81). Also seen in stage 16 is the laryngeal cecum,
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a triangle-shape lumen, which is bounded by the

arytenoid swellings dorsally and by the epiglottic
swelling (which is derived from the dorsal aspect of
the hypobranchial eminence) ventrally (Fig 8I,K).
The laryngeal cecum descends caudally along the
ventral aspect of the epithelial lamina until it reaches
the level of the glottis by stage 17 (Fig 9A,C).

In stages 19 through 23, recanalization of the

epithelial lamina begins along its cephalodorsal re

gion, and advances in a ventrocaudal direction (Fig
lOA). This brings the pharyngoglottic duct into com

munication with .the laryngeal cecum, thus forming
the laryngeal vestibule, or supraglottis. The last re

gion to recanalize is the ventral aspect of the glottic
level (Fig 11C). Lateral expansions originating from
the distal aspect ofthe laryngeal cecum occur bilater

ally to form the vestibular outgrowths (Fig I1H).
These will form the adult laryngeal ventricles.

Correlation With DevelopmentalEvents in Hu
man Larynx. There is no evidence in the reconstruc

tions presented in this paper that the separation be
tween the trachea and esophagus results from an

ascending septal process as proposed by His.4 The

foregut length between the tracheoesophageal sepa
ration (this is analogous to the level of the primitive
pharyngeal floor; Fig 3A) and the level of the fourth

pharyngeal pouch is equivalent to the primitive
laryngopharynx. If one measures the length of the

primitive laryngopharynx over time, ie, at 22 somites

(Fig 3B), 28 somites (Fig 4A), 3S somites (Fig SA),
and 36 somites (Fig 6F), this distance does not

decrease (as suggested by His4), but, to the contrary,
increases. His4 claimed that the trachea resulted from
an "ascending tracheoesophageal septum" from the

respiratory diverticulum to the floor of the pharynx
(or fourth pharyngeal pouch). In contrast, this study
shows that the supraglottis forms in the region of the

primitive laryngopharynx, and the trachea results
from the continued caudal descent of the broncho

pulmonary buds and carina from the cephalic end of
the respiratory diverticulum or infraglottis.

On the basis of the findings of this paper, the

embryogenesis of the mouse larynx most closely
resembles the theories advanced by Zaw-TunS and
Zaw-Tun and Burdi,9 who also sought to discredit the

concept of an "ascending tracheoesophageal sep
tum." Therefore, critical events seen in murine laryn
geal development were described according to the

staging system of human development advanced by
Zaw-Tuns and Zaw-Tun and Burdi.9

The interpretations and conclusions made in this

study are likely more accurate than the descriptions
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made by the classic authors (as cited in Review of

Literature) because 1) computer-assisted 3-D recon

structions provide aprecisequantitationofmorpholog
ical events - a technology not used in the traditional

developmental anatomic studies, and 2) human speci
mens available in the Carnegie Collection for previ
ous studies were retrieved from a heterogeneous
population of fetal abortuses, whereas the embryonic
material used in this study was derived from a homo

geneous population of CBAfC57 hybrid mouse em

bryos. In addition, harvested mouse embryos (ob
tained by cesarean sectioning) were cut in several
standard planes of section (axial, coronal, and sagit
tal), allowing a more precise localization of specific
structures and a comparison among embryos of a

specific age. Comparing a solid model reconstruc

tion of a given age - for example, sectioned in the

midsagittal plane - with a histologic midsagittal
section of a similar-stage embryo allowed us to

determine the accuracy and reliability of using the

computer image to study anatomic changes over both

space and time.

Given this multidimensional approach, the em

piric descriptions have been based on more extensive
observations of a greater range ofmaterial than those
of our predecessors. The analysis of these data con

firms Zaw-Tun's theory of human laryngeal devel

opment and rejects the concept of an ascending
tracheoesophageal septum. The present study, how
ever, is subject to the same limitations encountered

by the classic authors; ie, without the support of

specific. controlled mesenchymal-epithelial studies
of the developing larynx, one can only speculate that
the morphological changes seen are due to an in
creased epithelial and/or mesenchymal cell prolifera
tion in the regions previously described.

Correlation With Human Congenital Malforma
tions. Congenital anomalies result from dysmorpho
genesis, producing abnormal anatomic structures that

display characteristics seen at an earlier stage of

development. As discussed previously, the trachea

appears phylogenetically later it) development than
either the infraglottis or the bronchopulmonary buds.
This observation can help to explain why congenital
tracheal agenesis, atresia, or stenosis in the newborn
is usually associated with an anatomically normal

subglottic region and lung parenchyma. In addition,
the blood supply to the developing trachea (ie, the
innominate and bronchial arteries) can be compro
mised as the foregut is rapidly stretched by the

morphological forces previously mentioned (Zaw
Tun, personal communication, 1991).

The infraglottis remains patent throughout embry-

onic and fetal development (Figs 6G, 81, 9A, lOA,
l1A, and 12). The constantcharacteristic shape ofthe

infraglottis has made it a useful landmark to evaluate
the temporal-spatial relationships of adjacent struc

tures. In addition, the term "congenital subglottic
stenosis" is a diagnosis often considered clinically in
the neonate with stridor; however, on the basis of this
anatomic study, the infraglottic region does not ap
pear to undergo the obliterative process that is nor

mally seen in the development of the supraglottic
region (ie, the epithelial lamina). This finding sug
gests a possible cause of congenital supraglottic or

glottic stenosis; however, the cause of an isolated

congenital subglottis stenosis is not readily apparent
from the critical stages identified in normal murine

laryngeal development.

It is important to note, however, that the infraglottic
lumen does continually dilate and expand during
normal laryngeal development. This can be seen by
comparing the infraglottic region viewed by sagittal
sectioning in Figs lOA and l1A. Therefore, even

though the infraglottic lumen always appears to be

patent during normal laryngeal development, devel

opmental arrests at an earlier stage (which would
have associated supraglottic or glottic anomalies)
may not allow for the normal continued dilation and

expansion of the infraglottic region. This clinically
may appear as congenital subglottic stenosis, but it
would not be an isolated finding.

Zaw-Tun 13 used the classification of Smith and
Bain 14 to describe the cause of congenital laryngeal
atresias seen in human development. Smith and Bain' s

description of type 1 atresia involved the complete
closure of the larynx above the glottic level (eg, no

supraglottic vestibule). They described a narrowed

infraglottic lumen, with a complete supraglottic ste

nosis except for the minute pharyngoglottic duct

along the dorsal aspect of the epithelial lamina. A

developmental arrest in the separation of the epithe
liallamina prior to its recanalization seen in stage 19
can give rise to a type 1 atresia (Fig 1413). Type 2
atresias were described as a partly formed vestibule
with identifiable sinuses (ie, laryngeal cecum,

pharyngoglottic duct), which appear above an in

completely separated portion of the epithelial lamina

(FigI4). Chronologically, type 2 atresias may occur

between stages 19 and 23, during the active recanaliza
tion of the epithelial lamina. Type 3 atresias ("glottic
type") present the epithelial lamina remnant as a

perforated membrane of variable thickness at the
level of the vocal cords. It obstructs the glottic open
ing that separates the almost fully formed vestibular

cavity and its sinuses from the well-formed infraglottic
lumen (Fig 14).
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Fig 14. Develofmental stages of human laryngeal cavity. A) Modified from reconstructions cut in midsagittal plane. Specimens
from Zaw-Tun 3: 1 - specimen SH77, 35 days, 2 - specimen SH81, 50 days, 3 - specimen EH479, 60 days, 4 - specimen
EH277, 70 days, 5 - specimen EH1545, 84 days, Ep - epiglottis, LC -laryngeal cecum, PhGD - pharyngoglottic duct,
E - esophagus, AC - arytenoid cartilage, TC - thyroid cartilage. B) Diagrams of corresponding coronal sections along plane
x-x, showing separation ofepithelial lamina (EL) and formation ofvestibule. Arrest ofEL separation results in supraglottic atresia
of type 1, 2, or 3. AS - arytenoid swelling, G - glottic level, IG - infraglottis, C - cricoid, V - vestibule, Tr - trachea,
Yen - ventricle, VP - vocal process. (Reprinted with permission.P)

DEVELOPMENT OF LARYNGEAL SKELETON AND
MUSCULATURE

Summary of Critical Morphological Events. The

laryngeal mesodermal anlagen appear as a wedge
shape area flanking the primitive laryngopharynx
during stage 14. Further differentiation of the laryn
geal rn:esodermal anlagen gives rise to two morpho
logically distinct regions in stage 16: a hyoid region
and a cricothyroid region. The thyroid anlage appears
to have a U-shape configuration, which gives rise

inferiorly to three distinct regions of the cricoid

anlage: two dorsolateral and one ventromedian (Fig
8M).

Chondrification centers of the laryngeal mesoder
mal anlagen first appear along the ventral aspect of
the hyoid anlage (Fig 9D,F,G) and along the ventral

aspect of the cricoid anlage in stages 17 and 18. In
addition, lateral and dorsal fusion of the cricoid

anlage occurs in the same stages (Fig 9E,H). Com
plete chondrification of the laryngeal cartilages oc

curs by stages 19 to 23.

Differentiation of the intrinsic laryngeal muscles is

apparent by stage 19 (E15 mouse embryo; Fig IOC).

Correlation With Developmental Events in Hu
man Larynx. The observations made in this embryo
logic series with regard to the appearance of the

laryngeal cartilages and musculature are consistent
with those of other investigators of human laryngeal
development. The main area ofcontroversy concerns

the developmentofthe cricoid cartilage. Fleischmann
in 1820 and Arnold in 1851 (cited by Zaw-Tun and

Burdi9) reported that the cricoid developed from

chondrifying halves that initially fused dorsally and
then fused ventrally. Kallius 1 also described bilateral
chondrification centers that initially met ventrally,
and then met dorsally. Soulie and Bardierl? reported
in 1907 that the bilateral chondrification regions met

simultaneously at both their dorsal and ventral as

pects. Zaw-Tun and Burdi9 believed that chondrifica
tion started in the ventral arch of the cricoid, and
extended dorsally bilaterally on each side of the

infraglottis to "meet behind the lumen." This present
study confirms a single ventral chondrification cen-
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ter of the cricoid anlage in the E14 mouse embryo;
however, by E15, complete chondrification of all

laryngeal cartilages (except for the epiglottis) has
occurred. Further work is necessary to elucidate the

precise sequence of chondrification in the mouse

embryo.
Correlation With Human Congenital Malforma

tions. Congenital laryngeal and laryngotracheo
esophageal clefts have been classified by various
authors.16,17 They are communications between the

laryngopharynx and the larynx. At least three types
are seen: type 1, failure of interarytenoid and ary
epiglottic muscles to develop, which will result in an

interarytenoid cleft and flaccid aryepiglottic folds;
type 2, incomplete fusion of the cricoid dorsally,
leaving a central foramen in the dorsal lamina, or a

median notch along its caudal border, or a configura
tion of both conditions; and type 3, failure of the
lateral rami of the cricoid to meet dorsally, which

produces acomplete laryngeal cleft associated with

completely separate arytenoids. All three of these
malformations can result from either an incomplete

fusion ofthe cricoid anlage dorsally, or an incomplete
chondrification of the dorsal cricoid region.

SUMMARY

This paper has demonstrated that all the critical

stages identified in human laryngeal development
are also present during murine embryogenesis. In

addition, the series of embryologic events identified

during murine laryngeal development have helped to

resolve the controversy ofHis'4 misconception of an

"ascending tracheoesophageal septum." Human
-

anomalies were correlated to critical stages in the

development of the mouse larynx. The possible role
that arrests of these critical stages may play in laryn
geal anomalies was discussed. Future research with
this murine model for the development of the larynx
may help elucidate the role that growth factors play
during laryngeal development. Furthermore, in vitro
culture and manipulation of murine laryngeal anla

gen may allow the actual testing of the role that
arrested development plays in the causation of mal
formations.
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TEFLON INJECTION: POINTERS AND PITFALLS

ROBERT B. LEWY, MD

CmCAGO, ILLINOIS

Our objective is to clarify the procedure used in a series of 335 cases of injection ofparalyzed vocal cords. Over 29 years. questions
have arisen about theprocedure, mostly fromtrainees. They relate to timing, indications, method, and follow-up. Results ofthe procedure,
when properly performed, have been highly successful. Where indications are appropriate, injection is usually uncomplicated, relatively
safe, and done with minimum instrumentation. This is our response, in a question-and-answer format, to the most frequent queries.

KEY WORDS - injection, paralysis, Teflon, vocal cord.

Most residency training programs provide limited

opportunities for trainees to observe or perform cor

rective injection of a Teflon-glycerin mixture to the

paralyzed vocal cord. The seeming simplicity of the

procedure may lead to a false sense of ease and

security, and thus to occasional inaccuracy.

Questions and answers have arisen over time that

emphasize problems relevant to indications, tech

niques, timing, and the close postoperative observa
tion needed to maximize favorable results. Examples
of these recurring problems, in a question-and-an
swer format, are dealt with here.

Q. When is injection of the vocal cord indicated?
A. In simple idiopathic cases (17%), wait 6 months.
Without treatment, the vocal cord may drift back to
the midline and function adequately. If the gap is
wide, and the patient is aspirating, perform the proce
dure soon, to protect pulmonary function and to

prevent pneumonia.

Q. When should one proceed with minimal delay?
A. If the patient has progressive disease, such as

pulmonarymalignancy oran enlargedheart (Ortener' s

syndrome), and has no expectation of spontaneous
cure, the procedure should not be postponed.

Q. Should the anterior third of the vocal cord be
injected? A. Rarely (done only twice in this series).

Q.ls there a risk ofoverinjection? A. Yes. Tailor
the pants to fit the customer. Always inject less rather
than risk using too much. If you do overinject, how
ever, the 50% glycerin in the mixture absorbs within
4 days and thus may save the day and aid in producing
favorable results.

Q. How important is the position of the tip of the

laryngoscope? A. This is of the utmost importance.

The positioning depends in part on the size and shape
of the paralyzed cord, and the size and degree of
obstruction caused by the false vocal cords. One
should usually go in at a slight angle to the cord.
Position the tip about 2 mm from the cords, proxi
mally, but never between or beyond the cords. Do not

use gear or lifting power to put the nonparalyzed cord
on stretch. Leave it freely moveable.

Q. Where should thefirst injection go? A. It should
be about 3 mm deep at an outward angle, and about
2 mm lateral to the place ofgreatest curvature or gap.

Q. Where does the second injection go? A. About
4 to 6 mm posterior to the first.

Q. What is the next step? A. Have the patient
phonate. Listen for an improved clarity of sound.
This is as important as observing the closure of the

gap. If there is difficulty in closing the posterior third
of the cord, don't overload. (For some reason this is
a frequent error.) We have seen many excellent

phonatory and aspiration prevention results despite
incomplete closure of the posterior third.

Q. What are the results when an arytenoid has

fallen forward on the paralyzed side and conse

quently the cords are at different levels? A. Occa
sionally, there are excellent results even when this
occurs. On average, however, poorer results may be

experienced and this could be an indication for the
olderMeurman operation or the Isshiki modification.

Q.ls the injection procedure reversible? A. Yes,
although to my knowledge only one in this series has
been reversed.

Q.ls the microscope useful? A. No. It obstructs the
instrumentation.

Q. How manypatients had respiratory obstruction
From the Department of Otolaryngology, University of Illinois College of Medicine, Chicago, Illinois.
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requiring tracheotomies? A. Three, or less than 1 %.

Q. Whatmeasures are used to minimizepostopera
tive reactions? A. Steroids are routinely adminis
tered: prednisone 2.5 mg (tapered over 4 days from
four times per day to three, two, and one).

Q. How long are patients hospitalized? A. Three

days postoperatively.
Q. Do you make tape recordings of the voices

before and after surgery? A. Yes, and occasionally
other special studies, such as spectroscopic pictures
of the tapes.

Q. Is voice improvement the only criterion of
success? A. No. The larynx is a valve of many
functions, and improving its overall competence is
essential. We try to improve breath control; speech
quality and control; and ability to cough, to strain, and
to laugh - not just smile.



LASER SURGERY FOR EPITHELIAL HYPERPLASIA OF
THE VOCAL FOLD

MINORU HIRANO, MD

KURUME, JAPAN

KIMINORI SATO, MD

A total of 88 patients with epithelial hyperplasia of the vocal fold were treated with endolaryngeal microscopic carbon dioxide laser

surgery during the period from 1978 to 1990. The majority ofthe patients were male smokers. During the follow-up period ranging from
12 to 156 months, 15 patients developed recurrence(s). The recurrent lesion was benign epithelial hyperplasia in 8 patients and invasive
carcinoma in 7 patients. The recurrences occurred only in preoperative smokers. Discontinuation of smoking following laser surgery did
not affect the incidence of recurrence. The incidence of development of carcinoma did not differ between two histologic types: simple
hyperplasia withoutcellular atypia and dysplasia associated with cellular atypia. The incidenceofcancerdevelopment fordysplasia cases

in the present series (6%) was lower than that in previous reports in which the carbon dioxide laser was not employed for the treatment.

Postoperative improvement of vocal function was manifested in an increase of the maximum phonation time, a decrease of the mean

airflow rate, and an increase in vibratory amplitude and mucosal wave.

KEY WORDS - epithelial dysplasia, epithelial hyperplasia, laser surgery, vocal fold.

Epithelial hyperplasia (EH) of the vocal fold has
been regarded as a precancerous lesion. The value of
carbon dioxide (C02) laser surgery for EH of the
vocal fold has been very well documented. 1-5 Reports
on long-term results of C02 laser surgery, however,
have been limited. The vocal function following laser

surgery for EH has not been well documented. Since
1978, we have been using the C02 laser for the
treatment of EH of the vocal fold at Kurume Univer

sity Hospital. The purposes of this paper were to

investigate the long-term results ofC02 laser surgery
and to evaluate postoperative vocal function.

SUBJECTS AND METHODS

During the period from 1978 to 1990, a total of 88
patients with EH of the vocal fold underwent endo

laryngeal microscopic C02 laser surgery in Kurume

University Hospital. Of the 88 patients, 80 were men

and 8 were women. Their ages ranged from 35 to 82

years with a mean of 59 years. Fifty-eight patients
had unilateral lesions (39 on the right and 19 on the

left), whereas 30 had bilateral lesions.

Distribution of the 88 patients by preoperative
history ofcigarette smoking is shown in Table 1. The
Brinkman index, which is defined as the number of

cigarettes per day multiplied by the duration ofsmok

ing in years, was employed as the parameter for the

degree of smoking. Approximately two thirds of the

patients were heavy smokers (Brinkman index
> 400). The majority (69 of 80 or 86%) of the men

were smokers, whereas only 1 of the 8 women was a

smoker and she had a low Brinkman index.

The surgery was conducted by the endolaryngeal
microsurgery technique under general anesthesia. A

specimen for histologic diagnosis was taken first by
means ofspecially designed scissors with rectangular
blades. The pathologic tissue on the upper surface of
the vocal fold was easily removed with the use of
these scissors. The basement membrane of the epi
thelium was included in the specimen in order to

obtain an accurate histologic diagnosis. The remain

ing lesion was vaporized with the use of a C02 laser.
Laser vaporization was discontinued when the super
ficiallayer of the lamina propria of the mucosa was

removed and the vocal ligament was exposed. The

spot size of the laser employed was 800 urn. The lased
wound was irrigated with saline solution. The details
of the surgical technique have been described else
where,"

Histopathologically, the lesions were classified

TABLE 1. DISTRIBUTION OF 88 PATIENTS BY
BRINKMAN INDEX AND SEX

Brinkman Index M F Total

0 11 7 18
1- 200 3 1 4

201 - 400 8 0 8
401 - 600 9 0 9*
601 - 800 15 0 15*
801 - 1,000 10 0 10*

1,001 - 1,200 11 0 11*
ii!:1,201 13 0 13*
Total 80 8 88

*Total of group marked thus is 58 or 66%.
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Fig 1. Histologic picture of A) simple hyperplasia and B) dysplasia.

into two groups: simple hyperplasia and dysplasia.
The former had no atypia of cells, whereas the latter
was associated with cellular atypia (Fig 1). The

degree of dysplasia was not graded in this study.
Carcinoma in situ and early invasive carcinoma were

not included in the present series.

Postoperative follow-up ranged from 12 to 156
months with a mean of 62 months. No systematic
voice therapy was given postoperatively.

Vocal function was evaluated before and after

surgery in 48 cases. The remaining 40 patientsdid not

receive postoperative evaluation. The parameters
employed were 1) maximum phonation time (MPT),
2) mean airflow rate during phonation over comfort
able duration (MFRc) , 3) fundamental frequency
(Fo) range of phonation, 4) sound pressure level

(SPL) range of phonation, 5) videostroboscopic pa
rameters, including vibratory amplitude and mucosal
wave, 6) pitch perturbation quotient (PPQ), 7) ampli
tude perturbation quotient (APQ), 8) normalized noise

energy for 0 to 4 kHz (NNEa), and 9) normalized
noise energy for 1 to 4 kHz (NNEb).6-8 The first two

parameters reflect the. degree of glottic incompe
tence, the next two roughly indicate the ability of Fo
and SPL control, the fifth parameter reflects the

pliability of the vocal fold mucosa, and the last four

parameters show some important acoustic aspects of
the voice quality. The four acoustic parameters were

emJ?loyed recently, ie, since 1987.

RESULTS OF TREATMENT

Of the 88 patients, 73 were free of recurrence.

Sixty-six ofthe 73 patients were alive, whereas 7 died
of intercurrent diseases: 2 died of liver cancer, 1

gallbladder cancer, 1 leukemia, 2 cerebrovascular
accident, and 1 myocardial infarction. The other 15

patients developed recurrent lesions. The recurrent

lesions were benign in 8 patients and malignant in 7.

Figure 2 depicts the nonrecurrence rate determined

by means of the Kaplan-Meier method. The nonre

currence rate for all the cases was 83% for 5 years and
69% for 10 years (Fig 2A). The nonrecurrence rate

was higher for the preoperative nonsmokers than for
the smokers (Fig 2B). None of the preoperative
nonsmokers developed recurrences. Among the

preoperative smokers, postoperative discontinuation
of smoking did not affect the nonrecurrence rate (Fig
2C). All patients who developed recurrences were

men. The nonrecurrence rate did not differ between

simple hyperplasia and dysplasia up to the 5th post
operative year, but itwas higher for simple hyperplasia
than for dysplasia at the 10th postoperative year (Fig
2D).

Table 2' shows the incidence of development of
invasive carcinoma by cigarette smoking and by
histologic type. None of the preoperative nonsmok
ers developed carcinoma. Among the preoperative
smokers, the rate of cancer development did not

differ between those who discontinued smoking after
laser surgery and those who continued smoking. The
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Fig 2. Nonrecurrence rate determined by means of Kaplan-Meier method. A) For all cases. B) For preoperative smokers versus

nonsmokers. C) For those who continued smoking postoperatively versus those who discontinued. D) For simple hyperplasia
versus dysplasia.

rate of the occurrence ofcancerdid not differbetween

simple hyperplasia and dysplasia, either.

Figure 3 depicts an outline of the 15 patients who

developed recurrences. Six patients (B 1 through B5
and B8) had one recurrence of EH without malig
nancy, and 2 patients (B6 and B7) developed recur

rences of EH twice. The interval between the first
laser surgery and the recurrence ofEH ranged from 2
to 84 months with a mean of 35 months. All recur

rences were treated with laser surgery again. For the
7 patients who developed carcinoma (M 1 through
M7), the duration between the first laser operation
and the development of carcinoma ranged from 6 to

80 months with a mean of 34 months. One patient
(M3) had three recurrences of EH before the occur

rence ofcarcinoma, and anotherpatient (M6) had one

recurrence of EH prior to the development of carci
noma. The carcinomas were successfully treated by
means of radiotherapy in all 7 patients.

VOCAL FUNCTION

In the majority of the patients, the MPT and MFRc

value were within normal range before surgery. Fol

lowing laser surgery, MPT increased and MFRc
decreased in many patients (Fig 4A,B). The increase
in MPT and decrease in MFRc were more frequent
for unilateral lesions than for bilateral lesions.

Preoperatively, the Fo range was below the lower
border of normal in approximately half the patients,
whereas the SPL range was within the normal range
in most cases. The Fo and SPL range ofphonation did
not consistently change postoperatively (Fig 4C,D).

Preoperative and postoperative videostroboscopic
findings are shown in Table 3. Videostroboscopic
findings were available for 53 affected vocal folds.
The vibratory amplitude was normal in 28% and the
mucosal wave was normal only in 8% before laser

surgery. Following surgery, the amplitude was nor

mal in 45% and the mucosal wave was normal in
43%. Postoperatively, the amplitude of vibration
increased in 19, was unchanged in 25, and decreased
in 9 vocal folds. The mucosal wave increased in 26,
was unchanged in 20, and decreased in 7 vocal folds

following surgery.
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TABLE 2. INCIDENCE OF CANCER DEVELOPMENT

Cancer

n No. %

Preoperative .nonsmoker 18 0

Preoperative smoker
Discontinued postoperatively 53 5 9
Continued postoperatively 17 2 12

Simple hyperplasia 56 5 9

Dysplasia 32 2 6

Among the acoustic parameters, PPQ and APQ
were within the normal range preoperatively in the

majority of cases (Fig 4E,F). The NNEa value was

near or below the range of normal in most patients,
whereas the NNEb was greater than the range of
normal in the majority of the patients before surgery
(Fig 4G,H). The acoustic parameters did not show
consistent changes following laser surgery (Fig 4E
H).

DISCUSSION

Since 1972, when Strong and Jak09 reported the
use of the C02 laser in treating vocal fold disorders,
the C02 laser has been employed by many
laryngologists for the treatment of EH of the vocal
fold. Reports on long-term results and functional
results, however, have been rather limited.

The rate of nonrecurrence (recurrences included
both benign and malignant lesions) following tradi
tional surgery was reported to be 19 of 24 (79%) by
Shin et al,1O 11 of 14 (79%) by Hellquist and

Olofsson, 11 and 91 of 137 (66%) by Hf/Sjslet et al.12 In
the present study, the nonrecurrence rate determined

by the Kaplan-Meier method was 83% for 5 years and
69% for 10 years. Since the follow-up duration and
the method to determine the rate of nonrecurrence

differ among the different reports, one cannot com

pare the results between the C02 laser and traditional

techniques. It appears, however, that the use of the
C02 laser does not significantly reduce the recur

rence rate. The major advantages of the laser over the
traditional technique are, therefore, a greater preci--

sion in removing the tissue and much less bleeding
during the operation.

In the present series, recurrences were more fre

quent for preoperative smokers than nonsmokers.
Discontinuation of smoking after surgery did not

cause any decrease of recurrence.

Development of invasive carcinoma is a major
concern for the patients with EH of the vocal fold.
Table 411-15 shows the incidence of the occurrence of
carcinoma reported in some ofthe previous literature.
The incidence of carcinoma development depended
on the degree of dysplasia, ie, atypia of epithelial
cells, in these reports. In the present series, however,
the incidence of carcinoma development did not
differ between simple hyperplasia and dysplasia. It
was less than 10% for both histologic types, as shown
in Table 2. The incidence ofoccurrence ofcarcinoma
for dysplasia in the present investigation appears to

be lower than that shown in Table 4. In the reports
listed in Table 4, the C02 laser was not used in the
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through M7 (malignant lesions). Numbers to right of case number - age at first laser operation, M - male,
BI - Brinkman index, H - simple hyperplasia, D - dysplasia, Ca - carcinoma, open circles - alive with no

evidence of disease, thick horizontal line - duration of cigarette smoking following laser surgery, L -laser,
RT - radiotherapy.



Hirano & Sato, Epithelial Hyperplasia of Vocal Fold

Q)
>
:;:
cu

Q;
Q.
o
in
o
e,

5 10 20 30 50
Sec

Preoperative
A

Semitone dB
I

40 I 50I

I
I
I
I
I
I
I

030
I

0 40
Q)

I

> o i 0
:;:
co o 4Q; 0 • i
c.. 20

__________________0_ I 30

B • 0 -0----------0------------

1/1
0
e,

10 20

10 20 30 40

Preoperative
Semitone

C D

Percent dB

4.0 -15

3.0
I
I
I
I

0Q)
I

� 2.0 0 0 jo 0
co -20
Q; ------------------------------ ------------------

c..
•B 0

1/1 1.0 0
0
c..

0 -25

0.5

ml/sec

95

100 200

B
Preoperative

Percent

500

ml/sec

2.0

1.0

•
0.5 -----------------------------

0.1

0.05

50 0.05 0.1

dB

E

dB

20 30 40

Preoperative

I

°1 0

g

_____9 5:_� _

o

•

o

-30

0.5 1.0 2.0 3.0 4.0 -30

Preoperative
Percent

F G

-15
•

I

I
I

0 I
-20

-15 -20 -15 -10 -5

dB dB
Preoperative

H

-10
I
I

� r

o -----0--------;--

0.5 1.0 2.0
Percent

Preoperative

-5

-25 -20

Preoperative

I
I
I
I
I
I
I

0
I

jO 0

r 0
•

Fig 4. Preoperative and postoperative vocal function. Dashed lines depict border of normal range. Circles above oblique line
indicate postoperative increase, and those below oblique line indicate decrease. A) Maximum phonation time. B) Mean airflow
rate. C) Fundamental frequency range of phonation. D) Sound pressure level range of phonation. E) Pitch perturbation quotient.
F) Amplitude perturbation quotient. G) Normalized noise energy for 0 to 4 kHz. H) Normalized noise energy for 1 to 4 kHz.

treatment, except for a small part of the series by
Hirade et al,14 whereas all patients in the present
series were treated with the C02 laser. This may
indicate that the use of the C02 laser in treating
epithelial dysplasia of the vocal fold might inhibit the

development ofcarcinoma to a certain extent. A final
conclusion awaits further investigation.

Reports on the vocal function following laser sur

gery for EH of the vocal fold have been limited. In the

present study, MPT and MFRc, ie, the parameters

reflecting glottic incompetence, were within the nor

mal range in the majority ofthe patients with EH, and
the laser surgery brought some improvement in many
cases. The improvement was more frequent for uni
lateral lesions than bilateral lesions. This indicates
that laser vaporization of the superficial layer of the
lamina propria ofboth vocal folds is more disadvan

tageous for glottic closure during vocal fold vibration
than that of only one vocal fold. The Fo range was

more frequently decreased by the existence of EH
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TABLE 3. PREOPERATIVE AND POSTOPERATIVE
VIDEOSTROBOSCOPIC FINDINGS FOR

53 VOCAL FOLDS

Preoperatively
Postoperatively Normal Small Zero Total

Amplitude of
vibration (n = 53)

Normal 7 16 24 (45%)
Small 8 18 2 28 (53%)
Zero 0 1 0 1 (2%)
Total 15 (28%) 35 (66%) 3 (6%) 53

Mucosal wave

(n = 53)
Normal 3 12 8 23 (43%)
Small 1 11 6 18 (34%)
Zero 0 6 6 12 (23%)
Total 4(8%) 29 (55%) 20 (38%) 53

than was the SPL range ofphonation. The Fo and SPL

range of phonation did not change consistently fol

lowing laser surgery, indicating that the ability to

control the Fo and SPL ofphonation was notbasically
changed following laser surgery.

As for the vibratory behavior of vocal folds with
EH, a decrease in amplitude vibrations and mucosal
wave has been reported. 16 This was also the case with
thepresent series. Following laser surgery, the ampli
tude and mucosal wave tended to increase, indicating

that the vocal fold tissue was apt to become more

pliable following laser vaporization. In the present
series, the extent of laser vaporization was apt to be
a bit too much. We could have minimized the extent

of removal of the superficial layer of the lamina

propria in most cases, provided that the depth of the
lesioncouldbe somehowpredetermined. Stroboscopy
seems to be a modality to estimate the depth of

pathologic changes.ls A precise estimation of the
extent of the lesion associated with a minimum tissue
removal will result in better postoperative vibratory
behavior accompanied by better vocal function.

Among the four acoustic parameters, NNEb, which
indicates the relativenoise level in the high-frequency
range, was abnormally increased in the patients with
EH of the vocal fold. Neither PPQ nor APQ, which
reflect the aperiodicity in vocal fold vibration, was

markedly affected by the existence of EH.

The four acoustic parameters did notdiffer consis

tently between preoperative and postoperative condi
tions. In other words, the voice quality for the vocal
folds with EH and that for the vocal folds after laser

vaporization ofReinke' s space were not significantly
different, at least according to the acoustic param
eters employed in this study.

TABLE 4. INCIDENCE OF DEVELOPMENT OF INVASIVE CARCINOMA REPORTED IN LITERATURE

Invasive
Carcinoma Follow-up

Authors Histologic Type n No. % (mo)
Hellquist and Olofsson!' Hyperplasia and moderate

dysplasia 14 0 0 12-166

Hellquist et all3 Severe dysplasia and
carcinoma in situ 20 5 25 26-151

Hirade et all4 Simple hyperplasia 34 1 3 6-120

Dysplasia 10 3 30
Kalter et allS Dysplasia 18 10 56 6-132

H�jslet et all2 Hyperplasia with or

without mild dysplasia 128 6 5 11-128
Moderate dysplasia 9 4 44
Severe dysplasia 10 4 40
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SENSORY, MOTOR, AND AUTONOMIC NERVE FIBERS OF THE
INTERNAL BRANCH OF THE CANINE SUPERIOR

LARYNGEAL NERVE

YASUO HIsA, MD

NOBUHISA TADAKI, MD

KyOTO, JAPAN

TOSHIYUKI UNO, MD

YASUSHI MURAKAMI, MD

We demonstrated that the internal branch of the canine superior laryngeal nerve (SLNI) contains sensory, motor, sympathetic, and

parasympathetic nerve fibers by the retrograde tracer technique using cholera toxin subunit B (ChTx). In young dogs under deep
anesthesia with pentobarbital, the right SLNI was transected at the level of the thyrohyoid membrane, and ChTx solution was applied
to its proximal end. The dogs were reanesthetized and perfused with fixative 48 hours later. The brain stem, the bilateral nodose ganglia,
and the superior cervical ganglion were removed for immunohistochemistry using anti-ChTx serum. Labeled cells were found in the

ipsilateral nodose ganglion, superior cervical ganglion, dorsal motor nucleus of the vagus nerve, and facial nucleus. These findings
demonstrate that the canine SLNI contains sympathetic and parasympathetic nerve fibers and motor nerve fibers, as well as sensory nerve

fibers.

KEY WORDS - cholera toxin, nerve fibers, superior laryngeal nerve.

INTRODUCTION

The internal branch of the superior laryngeal nerve

(SLNI) has been accepted as the main sensory path
way from the larynx.! and we found that the afferent
neurons from the canine SLNI have a distinct loca
tion in the ipsilateral nodose ganglion (NO), using the
horseradish peroxidase (HRP) technique.I We also
found that the canine SLNI contains sympathetic
nerve fibers as well as sensory nerve fibers, using
fluorescence histochemistry.3 Basterra et al4 showed
that the trunk of the superior laryngeal nerve (SLN)
of the guinea pig has parasympathetic preganglionic
nerve fibers, using the HRP technique. This finding
suggests that the SLNI might also contain parasym
pathetic preganglionic nerve fibers, since the SLNI
is the main branch of the SLN. Furthermore, Kram
mer et al5 investigated the central location ofefferent

components in the rat SLNI, using the HRP tech

nique, and found retrograde labeling ofneurons within
both the nucleus ambiguus (NA) and the dorsal motor

nucleus of the vagus nerve (DMNV). These findings
suggest that the SLNI contains sensory, sympathetic,
parasympathetic, and motor nerve 'fibers.

In this study, we examined whether the canine ,_

SLNI contains sensory, motor, sympathetic, and

parasympathetic nerve fibers, using cholera toxin
subunit B (ChTx) as a retrograde tracer.

MATERIALS AND METHODS

Experiments were performed on eight young dogs

weighing 1.5 to 2.5 kg. Under deep anesthesia with
sodium pentobarbital (intraperitoneal, 25 mg/kg), the

right SLNI was exposed and separated from its neigh
boring structures. The nerve was then transected at

the thyrohyoid membrane, and the cut nerve was

carefully separated from the surrounding tissues. The

ROSTRAL

lATEflAl.J
l/

Fig 1. Labeled cells were detected in ipsilateral nodose
ganglion (NG) and superiorcervical ganglion (SCG; origi
nal x20). In NG, most labeled cells were located in
rostrolateral region of ganglion. Although labeled cells in
SCG were scattered all over ganglion, caudal part of

ganglion had more labeled cells than rostral part.
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Fig 2. High magnification oflabeled cells in A) nodose ganglion and B) superior cervical ganglion (original xII0). Size of labeled
cells in nodose ganglion varied from 20 to 50 urn, Size of labeled cells in superior cervical ganglion was not so variable (20 to

25 urn).

proximal end of the nerve was elevated and placed
onto a piece of laboratory film (Parafilm, American
Can Co, Greenwich, Conn), which was set on the
cervical skin. Then a solution of ChTx (Sigma, 0.2

mg in 20 J!L of distilled water) was applied. These
meticulous procedures are useful to avoid the spread
of tracer to the surrounding tissues." During the

application of the ChTx, the nerve was treated care

fully to prevent it from drying out. After 1 hour, the
nerve end was washed with saline and put back into
the original position. After a survival time of 48
hours, the dogs were reanesthetized as above and

transcardially perfused with phosphate-buffered sa

line (PBS) containing 0.1 mollL sodium phosphate
buffer (PB) and 0.9% sodium chloride at pH 7.4. This
was followed by ice-cold fixative containing 4%

paraformaldehyde, 0.2% picric acid, and 0.35% glut
araldehyde in 0.1 mollL PB (pH 7.4). After perfusion
fixation, the brain stem and the bilateral NGs and

superior cervical ganglia (SCGs) were removed and

postfixed in 0.1 mollL PB with 4%· paraformalde
hyde and 0.2% picric acid (pH 7.4, 4°C) for 2 days.
They were then immersed overnight in 0.1 mollL PB

containing 20% sucrose (pH 7.4, 4°C). Serial sec

tions (brain stem 40 um, NG and SCG 20 urn) were

cut on a cryostat. These sections were processed for

immunohistochemistry. Free-floating sections were

treated with 1 % normal bovine serum for 1 hour and
incubated with anti-ChTx serum (x1,000, Sigma) at

4°C for 4 days. They were then incubated with

biotinylated anti-rabbit immunoglobulin G (x1,000,
Vector) at 4°C for 1 day and with avidin-biotin

peroxidase complex (x1,000, Vector) at 4°C for 1

day. The sections were rinsed three times for 10
minutes with PBS between each step. They were then
incubated with 0.01 % 3,3'diamidinobenzidine tetra

hydrochloride solution containing 0.003% hydrogen
peroxide in 0.05% Tris-hydrochloric acid buffer (pH

A
i>-

'f
DMNV

Fig 3. Many labeled cells were detected in ipsilateral dorsal motor nucleus ofvagus nerve (DMNV). A) Labeled cells were scattered
in nucleus, and labeled cell column was most developed at level of rostral part of inferior olivary nucleus (original x70). N -

fourth ventricle. B) High magnification of labeled cells in DMNV (original x350). Labeled cells were fusiform in shape and

medium-size, with diameter of 15 to 25 urn,



100 Hisa et al, Superior Laryngeal Nerve

DISTRIBUTION OF LABELED CELLS IN MEDULLA
OBLONGATA AFfER APPLICATION OF CHOLERA

TOXIN SUBUNIT B TO SLNI

Dog No. FNDMNV

1

2
3
4

5
6

+2.1 to +5.9
+2.4 to +4.6
+3.0 to +4.8
+2.8 to +4.8
+2.0 to +5.4
+2.8 to +5.9

+4.6 to +7.8
+2.8 to +6.3
+4.4 to +7.9
+3.0 to +7.0
+4.2 to +7.4
+3.7 to +7.5

7 +3.3 to +5.0 +4.8 to +7.7

8 +3.0 to +5.8 +5.6 to +7.6
Possible range -2.0 to +6.0 +4.0 to +8.0

Average +2.7 to +5.3 +4.1 to +7.4

Data are millimeters rostral (+) or caudal (-) to obex. SLNI - internal
branch ofsuperior laryngeal nerve, DMNV -dorsal motor nucleus of

vagus nerve, FN - facial nucleus.

7.6) with 0.6% nickel-ammonium sulfate. Finally
they were mounted on gelatin-coated glass slides, air
dried, and washed with tap water. These sections
were dehydrated in a graded series ofethanol, cleaned
in xylene, and covered with Entellan (Merck).

RESULTS

Nodose Ganglion. Labeled cells had a distinct
location in the ipsilateral NG (Fig 1). No labeled cells
were detected in the contralateral ganglion. Most of
the labeled cells were located in the rostrolateral

region of the ganglion, although a few labeled cells
were found in the caudal part of the ganglion. The size
of the labeled cells varied from 20 to 50 urn (Fig 2A).

Superior Cervical Ganglion. Many labeled cells
were found in the ipsilateral ganglion (Fig 1). No
labeled cells were detected in the contralateral gan
glion. Although the labeled cells were scattered all
over the ganglion, the caudal part of the ganglion had
more labeled cells than the rostral part. The size ofthe
labeled cells was not so variable and it was 20 to 25
urn (Fig2B).

Dorsal Motor Nucleus of Vagus Nerve. Many
labeled cells were detected in the ipsilateral DMNV

(Fig 3A). No labeled cells were detected in the
contralateral DMNV. The labeled cell column was

most developed at the level of the rostral part of the
inferior olivary nucleus, where some 20 labeled cells
were counted in a single section. These labeled cells
were scattered throughout the DMNV and did not
have a distinct location within the nucleus. The Table
shows the extension of the labeled cell column in
each dog. The entire DMNV was between 2 mm

caudal and 6 mm rostral to the obex. The average
rostral end of the labeled cells was 5.3 mm rostral to

the obex. The average caudal end of the labeled cells
was 2.7 mm rostral to the obex (Fig 4). The labeled

Olive DMNV FN

mm

9

.J8 8.0

7.4

7

6 6.0

5.3

5
4.5

4.0
4.1

4

3
2.7

2

_ Labeled cells

0.0
Obex

Fig 4. Distribution of labeled cells in medulla oblongata
after application of cholera toxin subunit B to internal
branchofsuperior laryngeal nerve. Olive-olivary nucleus,
DMNV - dorsal motor nucleus of vagus nerve, FN -

facial nucleus.

cells were fusiform in shape and medium-size, with
a diameter of 15 to 25 urn (Fig 3B).

Facial Nucleus. Labeled cells were also found in
the ipsilateral facial nucleus (FN). In the contralateral
FN and the bilateral NAs, no labeled cells were

detected. The Table shows the extension of the la
beled cell column in each dog. The entire FN was

between 4.0 and 8.0 mm rostral to the obex, and the
labeled cells were distributed almost throughout the
nucleus (4.1 to 7.4 mm rostral to the obex; Fig 4). One
to six labeled cells were detected in a single section,
and these labeled cells were located in the medial
division of the FN (Fig SA). The labeled cells were

multipolar in shape and large, with a diameter of 35
to 50 urn (Fig 5B).

DISCUSSION

A variety of tracers have been used to investigate
the neuronal connection in both central and periph
eral nervous systems. Mainly, HRJ>6,7 and fluores
cent dyes'' have been applied to the investigation of

laryngeal innervation. Although HRP is a reliable
tracer, the histochemical reaction procedures for the
demonstration ofHRP are very delicate, and reaction

products cannot be.kept for a long time. Therefore,
constant results cannot be obtained. Recently, a new

immunohistochemical technique has been developed,
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Fig 5. Many labeled cells were detected in ipsilateral facial nucleus. A) Labeled cells were located in medial division of nucleus

(original x70). B) High magnification oflabeled cells in facial nucleus (original x350). Labeled cells were multipolar in shape and

large, with diameter of 35 to 50 11m.

using ChTx as a tracer. This tracer has overcome the

disadvantage of HRP stated above and has more

advantages compared with HRP.9,10 In the present
study, ChTx has been proved to be a very useful
tracer.

Using HRP as a retrograde tracer, we previously
found that the afferent neurons from the canine SLNI
had a distinct location in the ipsilateral NO and that

they occupied 12% of all neurons in the NO.2 The

present findings were in good agreement with the

previous findings, confirming that the application of
ChTx in this experiment gave reliable results. The
afferent neurons from the other organs innervated by
the branches of the vagus nerve do not generally have
a distinct location in the NO.II-14 Only afferent neu

rons from the aortic nerve have been reported to be
localized in the medial region of the NO.15,16 Al

though it is still an open question whether this finding
that afferent neurons from the SLNI and the aortic
nerve have a distinct location in the NO is important
or not, the present finding confirms that the SLNI
contains sensory nerve fibers.

We have investigated the sympathetic innervation
of the larynx using fluorescence histochemistry.S!?
electron microscopy with application of 5-hydroxy
dopamine, 17 and immunohistochemistry .18 We have

already demonstrated that the SLNI contains many
sympathetic nerve fibers and that these nerve fibers

originate from the ipsilateral SCO.3 However, the

precise location of the neurons in the SCO innervat

ing the larynx has remained unknown. The present
study clarified that many neurons in the SCO inner
vate the larynx and that many of them are located in
the caudomedial part of the NO, although labeled
cells were found all over the ganglion. The presence
of sympathetic nerve fibers in the SLNI was also

confirmed.

There are still many unknowns regarding the para
sympathetic innervation ofthe larynx. Recently, Tsuda
et al19 suggested the distribution of parasympathetic
ganglia in the SLNI and its ending in the larynx. This

strongly suggests that the SLNI contains parasympa
thetic preganglionic nerve fibers. B asterra et al,"
using the HRPtechnique, demonstrated that the trunk
of the SLN of the guinea pig contains parasympa
thetic preganglionic nerve fibers. However, they did
not ascertain whether the SLNI, and not the trunk of
the SLN, contains the parasympathetic preganglionic
nerve fibers. Since there is a distance between the
trunk of the SLN and the larynx, parasympathetic
preganglionic nerve fibers in the trunk of the SLN

might leave the nerve trunk before they reach the

larynx. In this study, since the SLNI was cutjust at the

point at which it enters the larynx, the present finding
clearly confirms that the SLNI contains parasympa
thetic preganglionic nerve fibers.

The most striking finding in this study is that the
labeled cells could be detected in the FN after appli
cation of ChTx to the SLNI. The external branch of
the SLN is well known to contain motor nerve fibers

innervating the cricothyroid muscle, and the SLNI
has been accepted as a sensory nerve without motor

nerve fibers. However, Krammer et al5 suggested
motor innervation to the larynx through the SLNI.

They found labeled cells in the NA after application
of HRP to the rat SLNI. In the present study, we also
found labeled motoneurons in the medulla oblongata.
The difference from their report is that the labeled
cells were detected in the FN, not the NA. There is
little possibility of contamination of other structures

by ChTx during its application, because we applied
the ChTx to the SLNI outside the wound, and the
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Fig 6. After application of cholera toxin subunit B to

internal branch ofright superior laryngeal nerve (SLNI) at
level of thyrohyoid membrane (arrow), labeled cells were

detected in ipsilateral nodose ganglion (NG), superior
cervical ganglion (SCG), dorsal motor nucleus of vagus
nerve (DMNV), and facial nucleus (Vll). ST - sympa
thetic trunk, VN - vagus nerve, RLN - recurrent laryn
geal nerve, Py - pyramidal tract, SLN - superior laryn
geal nerve.

distribution oflabeled cells in the NO should rule out

the possibility of contamination, since a distinct
location of labeled cells was obtained in each dog. If

any structure is contaminated with ChTx, it should be
the platysma, since this muscle is innervated by the
motoneurons in the FN and is always incised at

operation. The somatotopic organization of the FN
has been studied in a variety of animals by the HRP

technique, and there has been found a common prin
ciple: the cervical, auricular, fronto-orbital, and

perioral regions of the face are represented in the
ventral, medial, dorsal, and lateral aspects of the
FN.20 The motoneurons innervating the platysma are

absent from the caudal portion of the FN and local
ized in the intermediate division of the FN.21 How

ever, thepresent labeled cells were distributed through
out the FN and mainly localized in the medial divi
sion of the FN. This finding rules out the possibility
of contamination of the platysma by ChTx. Even if
this muscle was contaminated with ChTx, there are

still two points to consider. One is whether it is really
possible to take in ChTx from the incised end of the
muscle during such a short time as 1 hour. The other

point is whether consistent results could be obtained
in nine dogs by contamination. We conclude that the
contamination of other structures by ChTx did not

occur in this study.
We have previously studied the localization of the

motoneurons innervating the intrinsic laryngeal
muscles- and the inferior pharyngeal constrictor
muscles.P In these studies, no labeled cells were

found in the FN. This rules out the possibility that the
intrinsic laryngeal muscles and inferior pharyngeal
constrictor muscles were targets of the labeled cells
in the FN. Another possibility is the aryepiglottic
muscle, since this muscle is developed in the dog and
no studies on the innervation of this muscle have been

performed. Further studies will be required to deter
mine the target muscle. Although the innervated
muscle is still unknown, the present findings confirm
that the SLNI contains motor nerve fibers, as well as

sensory, sympathetic, and parasympathetic nerve fi
bers (Fig 6).
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Laser holography is a technique that creates a three-dimensional image of a static object. Variations of this technique can be applied
to the analysis of vibrating structures. Typical examples include time-averaged and speckle pattern interferometry. Fiberoptic-based
holography is performed on a human cadaver larynx, and a system for performing interferometry is presented. The goal is to generate
a holographic image of the vibrating laryngeal model to capture the vibratory patterns of the vocal folds as exemplified by superimposed
dark and bright interference fringes. By using solid state detectors and software, this image may be digitally processed, allowing for

quantitative computer analysis of vocal fold motion. Application of this technique to the study of the larynx should be a valuable clinical
tool and provide research data that can be correlated with videostroboscopic images and other methods of measuring vocal fold motion.
We report preliminary fiberoptic holographic studies of a static human larynx and initial time-averaged interferometry of a vibrating
model. In addition, we present our design for a fiberoptic probe to be used in future interferometry studies of the vibrating larynx.
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INTRODUCTION

There exist several methods for studying vocal
fold vibratory activity. In a clinical setting, these
include videostroboscopy, electroglottography, and

photoglottography. Although videostroboscopy pro
vides an excellent image of the vibrating vocal folds
and the mucosal wave, this image is qualitative.
Additionally, the image obtained is essentially two

dimensional, and while itprovides information about
the movement of the vocal folds in a lateral direction,
characteristics of the vertical movement of the folds
and mucosal wave can only be inferred from the
video image. Electroglottographic and photoglot
tographic data are somewhat more quantifiable than
the videostroboscopic image, but are indirect mea

surements ofvocal fold vibration. These methods are

sensitive at detecting laryngeal disease, but not ca

pable of consistently identifying the site or nature of
the lesion.1,2

In the laboratory, vocal fold vibration has been
studied with high-speed cinematography,3,4 as well
as with an x-ray stroboscope and an ultrahigh-speed
camera with lead pellets embedded in the vocal
folds.5,6 This latter technique has yielded the best
information regarding the motion ofthe vocal folds in
the vertical dimension.

Laser holography is a technique that creates a

three-dimensional image of a static object. Hologra-

phy of a static canine larynx was reported by Raviv et

al? in 1982. This technique may be applied to vibrat

ing structures to quantify motion. Time-averaged
interferometry demonstrates the vibratory pattern of
the object in dark and bright interference fringes
superimposed on an image of the object.

Applications of this technique to the larynx could

provide an image that can be digitally analyzed by a

computer providing near-real-time quantifiable data
on vocal fold vibration. This technique is referred to

as electronic speckle pattern interferometry (ESPI).8
With this high-speed digital variation of conven

tional holography, the vertical motion of the vocal
folds may be quantified with good spatial and tempo
ral resolution.

The purpose of this study was to perform hologra
phy of the static human larynx to demonstrate that the

reflectivity of the tissue satisfied the requirements
for an ESPI system. In addition, the use of compact
fiberoptic components in these studies allowed the

optical system to be designed for clinical application.
We present the results of laser holography of the

static human cadaver larynx and discuss our system
for studying the vibrating larynx. Initial tests of the

system that display the interference fringes of a

vibrating (speaker) model are presented. We also

present our design for a fiberoptic probe that may
provide this technique for examination of patients in
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Fig 1. Schematic of fiberoptic-based laser holography
system used for creating hologram in Fig 2 and interfero
gram in Fig 3. See text for explanation of components.

both clinical and research settings.

MATERIALS AND METHODS

Laryngeal Preparation. Larynges were harvested
from human cadavers at the time of autopsy prior to

fixation and were used within 48 hours of harvest.
The trachea was transected immediately superior to

the carina. The epiglottis was removed with the

petiole left intact. The false vocal folds and stump of
the epiglottis were sutured to the thyroid alae laterally
and anteriorly, respectively, to improve access to the
true vocal folds. The arytenoid cartilages were su

tured together to approximate the vocal folds.

Laser Holography. The principle ofholography is
based on the interference of coherent plane wave

fronts. A coherent light source (laser) is separated
into two beams: the illumination, or object, beam and
the reference beam. The object beam is incident upon
the object of interest. The light reflected from this

object is combined with the reference beam at the
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recording medium (a film plate in these studies) to

create and record the interference pattern or holo

gram. Once developed, the hologram can be placed in
the original reference beam in order to reconstruct the
three-dimensional holographic image. This proce
dure can be extended to the observation of vibrating
objects with a technique called time-averaged inter

ferometry. In this case, the period of vibration of the

object is much shorter than the exposure time, and a

holographic image of the object will be produced
superimposed with a series of light and dark fringes
representative of the vibrational modes of the object.
This method can be used to quantitatively analyze the

vibration, since the number of fringes is directly
proportional to the wavelength of the laser and to the

vibratory displacement of the object in a plane colin
ear with the beam propagation direction.f A charge
coupled device (CCD) camera can be used as the

"recording" medium that will digitize the interfer
ence pattern for near-real-time production of the

interferograms on a video monitor. Because of the

high framing rates of the CCD and the precise control
of pulsing of the illumination laser, studies may also
be carried out within a single vibratory cycle.?

Holographic recordings of the vocal folds of the
excised human larynx were performed by utilizing
the setup shown in Fig 1. The lO-mW helium-neon
laser (A. = 633 nm) was launched into a single mode
fiber (9-�m core) by a high-precision fiberoptic
coupler with 60% coupling efficiency. The single
mode fiber is then split into an object beam and a

reference beam with 85% and 15% of the total power,
respectively. The object beam is incident on the vocal
folds, while the reference beam is incident on the

recording film plate (Agfa-Gevaert 8E75 21/2 in2
film plates).The combination of the reference beam
and the reflected light from the vocal folds creates an

interference pattern on the film plate. The exposure

Fig 2. Holographic images of static excised
human larynx. Photographed from two differ
ent directions approximately 15° apart.
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Fig 3. Interferogramofvibrating speaker cone demonstrat
ing interference fringes superimposed on image ofspeaker.
Speaker vibrating at 500 Hz.

time was approximately 2 seconds. The film plates
were then developed in a standard manner using
Ilford developing solution, stop bath, and bleach. The

developed film plates were also rinsed in Kodak
Photo-flo in order to avoid streaking and spotting
during drying. Once the film plates were completely
dry, the holographic images were reconstructed by
placing the film plate in the path of the original
reference beam.

To demonstrate the viability of time-averaged in

terferometry via a fiberoptic system, a vibrating
speaker was used as a test object. A variety of fre

quencies and amplitudes were tested to study the

efficiency of the method. Similar recording and de

veloping techniques were used for the film plates.

RESULTS

As mentioned above, the ultimate goal ofthis study
is to develop a clinical instrument to produce ESPI

images of the vocal folds. Toward that end, several

steps have been taken to verify subsystems. Shown in

Fig 2 are photographs of the hologram of an excised
cadaver larynx. These images were produced by
using the fiberoptic system discussed above (Fig 1).
Although the hologram is a three-dimensional image
that cannot be reproduced on a flat page, this Figure
shows two different viewing angles of the same

larynx. As can be seen, the image quality is good and
demonstrates that fiberoptic holography can be
achieved without resorting to the application of re

flective coating on the vocal fold mucosa.

To continue the study, time-averaged interfero
grams were attempted, initially using a well-charac-

terized vibratory speaker as a model. In Fig 3, a

sample of that' study is shown. The interference

patterns are clearly evident, superimposed on the

image of the speaker. In this example, the speaker
was vibrating at 500 Hz with a film plate exposure
time of approximately 2 seconds. This test was to

validate our technique of fiberoptic interferometry
and to illustrate the concept of fringe pattern distribu
tion on a vibrating surface.

The next steps, currently under way, will be to

extend this technique to vibrating larynges and to

incorporate the CCD and digital image processing
hardware into the system. A new instrument with the

capability of producing quantitative displacement
distribution will result.

DISCUSSION

Study of the vibratory characteristics of the vocal
folds is essential, not only for a clear understanding
of the physiology ofvoice production, but also for the

diagnosis and treatment of laryngeal disease. The
ideal technique for examining the larynx would be

minimally invasive, be performed under relatively
normal physiologic conditions, and provide easily
obtainable, reproducible data that can be quantified
and standardized. Additionally, this technique should
be able to directly measure all dimensions of vocal
fold vibration.

.

The advent of the affordable videostroboscope has

provided practitioners and researchers alike with an

easy technique for studying vocal fold vibration in
both patients and laboratory models and has greatly
enhanced the otolaryngologic community's under

standing and appreciation ofvocal fold vibration and
its effect on voice. The technique is minimally in
vasive, is no more difficult to perform than an indirect
mirror examination or fiberoptic laryngeal examina
tion, and provides immediate results that can be pre
sented to the patient during the examination or ana

lyzed later by using slow motion video techniques for
more accurate diagnosis. A disadvantage of the tech

nique is the need for a voice strong enough to trigger
the strobe mechanism. Additionally, aperiodicity of
the vocal fold vibrations will severely hamper the

ability of the stroboscope to provide an accurate

image of laryngeal activity.l? Although interpreta
tion of the stroboscopic image has been shown to be

relatively consistent among different observers, it
does not produce quantitative data.IO,11 Colton et al12
have utilized digital processing of the video image in
an attempt to quantify these data with some success.

Electroglottography andphotoglottography are two

techniques for indirectly measuring vocal fold vibra-
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Fig 4. Artist's conception of A)
how interference fringes will ap
pear on normal vibrating larynx
and B) how mucosal lesion would
disrupt vibrations of vocal fold
mucosa and change interference
fringes.

tion. Electroglottography depends on the variable
impedance of the larynx, as the area of contact of the

vibrating vocal folds varies, and is most sensitive
during the closed phase of the laryngeal cycle. Pho

toglottography uses light transmitted through the

glottic area and is most sensitive at measuring the

glottic area during the open phase of the glottic
cycle. 1 Understandably, these two techniques comple
ment each other well and are frequently used to

gether. These glottographic methods generate graphic
data that can be analyzed in various ways to yield a

relatively accurate picture of how the vocal folds are

behaving with regard to their speed of opening and

closing and how much time is spent in each portion of
the cycle. These data have been analyzed for both
normal and pathologic larynges and have been corre

lated with other techniques such as high-speed cin

ematography and stroboscopy. Electroglottography
is entirely noninvasive and photoglottography only
minimally invasive. As with videostroboscopy, how
ever, aperiodicity of the vocal fold vibrations will

adversely affect the reliability of the measurements
obtained with these techniques.l''

However, as these are indirect methods ofstudying
vocal fold behavior, they are incapable of detecting
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the site, laterality, or nature of the vocal fold lesion
with consistency.l-I

High-speed cinematography is considered the gold
standard for examining vocal fold vibration. It gener
ates a huge number of data that accurately measure

most parameters of vocal fold vibration. However,
the technique is difficult to perform, requires expen
sive equipment, and is performed in only a few
centers for research purposes only. 1 Additionally, it
does not provide information regarding the vertical
motion of the vocal folds.

To date, the best information regarding the vertical
motion of the vocal folds has been obtained by
implanting radiopaque pellets in the vocal folds of
canine or excised human larynges and filming their
motion with an x-ray stroboscope and an ultrahigh
speed camera in the frontal plane.5,6 Because of the
invasive nature of this technique, it has not been

applied to the in vivo human larynx. Although we are

accustomed to viewing motion of the glottis in only
a medial-lateral direction, the motion of the vocal
folds in the vertical axis is only 15% less than that in
the horizontal plane.P and routine evaluation of this
dimension of vocal fold vibration may prove helpful
in laryngeal pathology.
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Fig 5. Design of system for practi
cal application of interferometry
using laser light source, flexible
fiberoptic laryngoscope, solid state

matrix detector (charge coupled
device), computer, and video mon

itor. VC - vocal cords.
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Fig 6. Design of head of flexible fiberoptic laryngoscope
to be used in system depicted in Fig 5.

'

Laser holography of the canine larynx has been

reported on once before. Raviv et aI,7 in 1982, pro
duced a hologram of an in vivo static canine larynx
demonstrating the excellent three-dimensional im

age of the larynx obtainable through this technique.
Although they suggested using the laser to obtain

interferograms of the vibrating vocal folds, that has
not yet been reported. Laser interferometry of other

vibrating organs, specifically the tympanic mem

brane, has been reported.l+l" Time-averaged inter

ferograms of the vibrating cat tympanic membrane

using a filmplate as a recording medium demonstrate
the vibratory pattern of the membrane in dark and
light interference fringes similar to those seen with
the speaker in Fig 3.14

Laser interferometry of the vibrating vocal folds is
an attractive addition to the above-mentioned tech

niques for laryngeal physiology and pathology. The

holographic images presented in Fig 2 demonstrate
that the laryngeal mucosa is capable of reflecting
enough light to generate a static hologram without

any special coatings. The next step is to perform
interferometry on a vibrating larynx. This will re

ql:lire a more powerful laser to decrease the exposure

time necessary. By replacing the film plate with a

high-speed solid state matrix detector (CCD), a large
number of data can be instantly acquired for digital
processing by a computer.f In our next phase of

experiments the computer will be able to sample
these data at a rate of 30 frames per second, while the
vocal folds vibrate at 100 to 300 Hz, so the computer
will display essentially a time-averaged view of the
vibration interference fringes, but in real time, as they
are generated. With more powerful solid state imag
ing equipment,ahigher sampling rate may be achieved
in the future. Also, by properly sequencing the laser

pulse firing and framing rate of the CCD, additional
information can be gained with regard to the different

phases of the glottic cycle.

By using frame subtraction techniques, the data
that have been stored in a digitized form can be

analyzed in a quantitative manner comparing differ
ent portions of the glottic cycle and measuring the

displacement of the vocal fold mucosa. These digi
tized data can also be analyzed with existing image
processing software. Since the distribution of fringes
can be directly related to the laser wavelength, dis

placement of the mucosa can be determined by mea

suring the number and width of interference fringes.f
As discussed above, currently used techniques for

studying the human larynx. in vivo do not measure

vocal fold movement in the vertical axis. While the
use of the CCD, rather than the film plate, will

generate a two-dimensional image on the video moni
tor, the technique is still sensitive to motion in the
vertical dimension. With frame subtraction tech

niques, the data stored in the computer can be ana

lyzed to calculate the vertical displacement of the
vocal fold mucosa.

On the basis of our knowledge of the patterns of
vocal fold vibration and the demonstration of inter
ference fringes from other objects, we propose that
the interferometry of a normal vibrating larynx may
appear as in Fig 4A. The presence of a small mucosal
lesion may manifest itself as a disruption of the
normal interference fringes as depicted in Fig 4B.

Recently, the development of highly transmissive

fiberoptics has advanced rapidly, and fiberoptic
endoscopes are a common instrument in the arma

mentarium of many specialties, including our own.

We have designed a probe to apply the theories
discussed above in a practical manner. The probe
would resemble a flexible fiberoptic nasopharyngo
laryngoscope and would be manipulated in the same

manner. Schematics of the entire system and the

laryngoscope probe head are presented in Figs 5 and
6. These designs are based on the experiments in our
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laboratory and the clinical requirements of such an

instrument.

Because of the three-dimensional nature ofholog
raphy and the rapid data acquisition capabilities of
the described digital system, ultimate development
of this instrument may give the otolaryngology com

munity a probe capable of providing quantitative
analysis of vocal fold vibration in both research and
clinical settings.

SUMMARY

Fiberoptic-based laser holography of static ex

cised human larynges has been performed, demon

strating that a hologram with good image quality may
be obtained without resorting to application ofreflec-

tive coatings.

Time-averaged interferometry ofa vibrating struc

ture demonstrates the interference fringes superim
posed on an image of the structure. Acquisition of the
holographic image by a solid state matrix detector
will allow for real-time demonstration of the inter

ferogram on a video monitor. Further processing of
the digitized data by computer analysis' will yield
quantitative measurement of vocal fold vibration.

Since the technique of interferometry is sensitive
to motion in the vertical dimension, measurement of
vocal fold displacement in this dimension should be

possible. A design for a fiberoptic instrument is

presented that may allow for the application of inter

ferometry in both research and clinical settings.
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Twenty patients with vocal fold motion impairment were reviewed to correlate the findings of electromyography (EMG) and

stroboscopy. The causes of motion impairment were idiopathic, previous surgery with recurrent laryngeal nerve injury, neck and skull
base trauma, and neoplasm. The EMG studies were analyzed to assess the status of innervation of the immobile vocal fold. The presence
or absence of the mucosal wave prior to therapeutic intervention was determined with stroboscopic examination. Eight of 10 patients
with EMG evidence of reinnervation or partial denervation were found to have mucosal waves, and 3 of 10 patients with EMG evidence
of denervation were found to have mucosal waves. Six patients developed mucosal waves after surgical medialization, despite evidence
ofdenervation by EMG criteria. These findings support the premise that tension and subglottic pressure, rather than status of innervation,
determine the presence of the mucosal wave.

KEY VVORDS - electromyography, laryngeal paralysis, stroboscopy.

INTRODUCTION

The otolaryngologist evaluating the patient with
the immobile vocal fold addresses 3 issues. First, is
the cause neurologic or mechanical? A more exten

sive workup searching for disease at other sites may
be indicated if a neurologic lesion is suspected. Sec
ond, what is the patient's current functional status?
The patency of the airway, the adequacy of glottic
closure as itpertains to protection from aspiration and
voice production, and the quality ofvoice itselfare all

important. Finally, what is the prognosis for recov

ery? This. will determine not only the need for thera

peutic intervention, but its timing as well.

The immobile vocal fold can be assessed by differ
ent modalities, each with its own applications and
limitations. Indirect or fiberoptic laryngoscopy en

ables direct visualization of the airway. However, the

phonatory vocal fold vibrations occur too rapidly to
be assessed by the unaided eye,I,2 and the status of
vocal fold innervation can only be inferred from
vocal fold motion and position.! As such, little prog
nostic information is available from this examina
tion.

Laryngeal stroboscopy utilizes an electronically
controlled, intermittent, high-intensity light to image
the high-speed vibratory movements of the vocal fold

during phonation.l+ The fundamental movement of
the vocal fold during phonation is the mucosal wave,

a rhythmic displacement of the mucosa over the
fibromuscular body of the vocal fold in both the
transverse and vertical planes." This "glottic wave"
was originally described in Bell Laboratory's high
speed motion pictures ofphonating vocal folds made
in 1938.5 Three forces interact to form the glottic
wave. When the glottis is closed during phonation,
the subglottic pressure forces the glottis open and

displaces the mucosal edges laterally. The elasticity
of the vocal fold and the Bernoulli effect of the
transglottic airflow subsequently draw the mucosa

medially+The "cover-body" model of the vocal fold
describes a layering of soft, elastic mucosa and sub
mucosa over the stiff, muscular body of the vocal
fold," This arrangement allows the glottic mucosa to
move somewhat independently and enables the mu

cosal wave to occur. The mucosal wave is reliably
present in the normally functioning larynx.

The "cover-body" theory of the mucosal wave

predicts that the mucosa and the underlying fibrous
fold must be of differing consistency for the wave to

exist. It is also theorized that denervation of the vocal
fold musculature leads to loss of the mucosal wave,"
This is supported by observations in humans7,8 and in
studies of the denervated dog larynx.? It is presumed
that reinnervation of laryngeal muscles results in the
return of a mucosal wave.4,7,8

Laryngeal electromyography (EMG) can be used
to objectively differentiate mechanical from neuro-

From the Departments of Otolaryngology-Head and Neck Surgery (Kokesh) and Rehabilitation Medicine (Robinson), University of Washington,
Seattle, Washington, and the Department of Otolaryngology-Head and Neck Surgery, The Johns Hopkins Medical Center, Baltimore, Maryland
(Flint, Cummings).
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Fig 1. Fibrillation potentials recorded at rest from left thyroarytenoid muscle in patient with 18-month-old recurrent laryngeal
nerve injury. Potentials are generated from fluctuations in resting membrane potential ofdenervated skeletal muscle fibers. They
usually have amplitude of 20 to 300,....V and duration ofless than 5 milliseconds (ms), and usually occurrhythmically at rate of
2 to 20 Hz. Potentials are biphasic or triphasic; initial phase is positive (downward deflection). Positive sharp waves (not shown)
also occur in denervated muscle and primary disorders of muscle. They may occur as result of needle insertion, or spontaneously
with regular intervals. There is initial rapid positive deflection « 1 ms) followed by slow change ofpotential in negative direction
and small negative phase (upward deflection). Amplitude is slightly greater than that of fibrillation potentials, but may reach 1
mV, and duration may exceed 10 ms (10 to 100 ms). Vertical divisions are 200 ,....V, and horizontal divisions 10 ms. (Lower right
box shows isolated fibrillation potential with horizontal divisions at 5 ms).

muscular causes of vocal fold immobility. If the
cause is neurologic, EMG can localize the lesion to a

specific site and indicate whether the upper or lower
motor neurons are involved.10-13 Furthermore, the
electrical patterns observed can indicate whether a

muscle is innervated, denervated, or undergoing
reinnervation, providing valuable prognostic infor
mation.12,14 Previous studies have shown that the
innervated or reinnervated immobile vocal fold is
more likely to recover motility than a denervated
fold. Laryngeal EMG, however, is limited by its

expense, invasiveness, and technical difficulty.
Fex and Elmqvlstf in 1973 correlated EMG with

stroboscopic findings in 16 patients with paralyzed
vocal folds. Without exception, the mucosal wave

was absent in all cases of denervation, and the return

of the wave always correlated with reinnervation. As
we had observed isolated cases that did not fit this

pattern, we reviewed our experience with these stud
ies in patients with immobilized vocal folds.

SUBJECTS

The records ofpatients referred, between 1989 and
1991, to the University of Washington otolaryngol
ogy-head and neck surgery clinic and The Johns

Hopkins Hospital otolaryngology-head and neck sur

gery clinic for suspected vocal fold paralysis were

reviewed. Included in the study were those patients
with immobile vocal folds who had received both

stroboscopy and EMG as part of their evaluation. Of
a group of 50 patients with immobile vocal folds, 20

patients received both EMG and stroboscopy, and all

Fig 2. Complex, repetitive discharges recorded
at rest from left thyroarytenoid muscle in patient
with chronic denervation. These discharges are

usually seen in chronic lesions and represent �
'\ � .1

:"!'!c=::i':::a�:e�n:��%:f�:�: ,��l tfJ'll1(J���JJ LW '�l�,fJ.WW��, r. mJIU,��t.,
arrhythmias (circular reentry phenomenon). I

T" j'�v
They can be distinguished from other discharges
by lack of voluntary control; sudden onset and
cessation; and uniform amplitude and frequency
(typically 3 to 40 Hz). Vertical divisions are 100
,....V, and horizontal divisions 10 ms.
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20 patients met diagnostic criteria for vocal fold

paralysis on the basis of these studies. Nineteen

patients were managed surgically with medialization

thyroplasty.

METHODS

Surgical medialization is performed, under local
anesthesia, through a window in the thyroid lamina at

the level of the vocal fold as previously described by
Isshiki et allS and modified by the authors (P.W.F.
and C.W.C.).16 With thepatient in the supine position
and prepared for a sterile procedure, a paramedian
horizontal incision is used to expose the thyroid
lamina while leaving the outer perichondrium intact.
A single large skin hook is implanted in the anterior

superior aspect of the contralateral ala and retracted

laterally to provide exposure ofthe ipsilateral lamina.
The perichondrium is scored with electrocautery
applied to a window template placed 5 to 10 mm

posterior to the ventral midline, with the superior
edge at the level ofthe vocal fold. The outer perichon
drium is incised and elevated off the window. Carti

lage and osteoid material are removed precisely from
the fenestra. Care is taken to preserve the inner

perichondrium, which is elevated in circumferential
fashion off the thyroid lamina with a modified No.4
Penfield elevator. One of 4 sizing prosthesis tem

plates (3 to 6 mm) is inserted through the window to

determine the appropriate size and position of the

implant. The implant is then inserted and secured
with the appropriate shim. Both implant and shim are

prefabricated from dense hydroxylapatite. The wound
is then irrigated with antibiotic solution and closed
with a 1/4-in Penrose drain placed deep to the strap
muscles and brought out through the incision.

Fig 3. Voluntary motor unit action potentials
recorded from left cricothyroid muscle in pa
tient with recent reinnervation. Note that these

potentials are very polyphasic and of long dura
tion (>20 ms), consistent with recent reinner
vation by axonal sprouting. Instability of motor

unit potential is also seen (morphology of each

discharge is slightly different), indicating that
some ofnewly formed neuromuscularjunctions
are unstable. Vertical divisions are 200 J.1V, and
horizontal divisions 10 ms.

Stroboscopyis performed with a Nagashima 700
rigid fiberoptic scope or a Pentax FNL-13S flexible

fiberoptic scope mated to a laryngostroboscope
(Nagashima LS-3A). The stroboscope is triggered by
the subject's fundamental voice frequency in the
standard fashion. Recordings are obtained during
vowel production (Iii and Ia/) in chest register, head

register, and falsetto. Trials were obtained at both
minimum and maximum loudness levels. Strobo

scopic results are recorded on 3/4-in videotape and

analyzed by the investigators at a later date. The

investigators were not blinded to the subjects' iden
tities. The presence or absence of the mucosal wave,
wave amplitude, wave phase, and glottic closure are

evaluated.

The EMG was performed by 2 of the coauthors

(P.W.F. and L.R.R.). A percutaneous approach
through the cricothyroid membrane using 37-mm,

26-gauge, Teflon-coated monopolar electrodes is

employed. A reference electrode is placed over the

clavicle, and a ground over the chest. All patients are

studied in the awake state. Recordings are obtained
from the cricothyroid muscle and the thyroarytenoid
or lateral cricoarytenoid muscle. Samples are taken at

rest and during sustained vowel production Iii at low

intensity (in chest register) and high intensity (in head

register or falsetto) for maximal recruitment. The
needle is repositioned for 3 separate site recordings in
each muscle.

The EMGs were interpreted by 1 of the authors

(L.R.R.). Denervation is determined to be present
when absence of voluntary motor unit action poten
tials, fibrillation potentials, positive sharp waves, or

isolated complex repetitive discharges are recorded

Fig 4. Very large voluntary motor unit action
potentials from left thyroarytenoid muscle in
patient with old nerve lesion and subsequent
reinnervation. Dramatically enlarged motorunit
action potentials indicate that muscle fiber terri
tory of each motor unit has been expanded by
axon sprouting. Note that vertical divisions are

1,000 J.1V, and horizontal divisions 10 ms.
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Fig 5. Full interference pattern recorded during
high-pitched vowel production Iii from neuro

logically intact right cricothyroid muscle. Verti
cal divisions are 100 ....V, and horizontal divi
sions 10 ms.

on the EMG (Figs 1 and 2). Reinnervation is diag
nosed when polyphasic waves and/or partial interfer
ence patterns are observed, with or without denerva
tion potentials (Figs 3 and 4). A normal interference

pattern obtained during maximal recruitment, com

bined with a lack of the abnormal patterns noted

above, is judged consistent with normal innervation

(Fig 5).
The Fisher exact test ofprobability of distribution

in a 2 x 2 contingency table was used for statistical

analysis. This test was chosen because it applies to

groups with small numbers. Comparisons were made
between status of innervation (denervated or rein
nervated by EMG criteria) and presence or absence of
a mucosal wave on the involved vocal fold. Glottic
closure, periodicity, and phase were not used for

analysis.
RESULTS

Data from the 20 patients are summarized in Table
1. There were 6 women and 14 men with a mean age
of 52 years and a range of 24 to 76 years. Surgical
injury to the recurrent laryngeal nerve was the most

common diagnosis (10 patients). Other diagnoses
included idiopathic causes (5), trauma (2), neoplasm
(2), and cerebrovascular accident (1). In 15 patients
vocal fold immobility had been present for at least 1

year. Only 1 patient had a disorder of less than 8
weeks' duration. In general, the disorders present in
this group of patients were long-standing and stable.

The relationship of innervation status to the pres
ence of a mucosal wave is demonstrated in Table 2.
Ten patients were innervated by EMG criteria; that is,
the EMG patterns were consistent with normal inner
vation or reinnervation. Eight of the 10 had mucosal
waves present bilaterally, although all of these pa
tients had either incomplete glottic closure involving
the posterior membranous portion of the fold or phase
shift. The other 2 patients had incomplete glottic
closure along the entire length of the vocal fold and

aperiodic movement of the involved fold. All 10

patients subsequently underwent medialization thy
roplasty. Complete glottic closure was obtained in all

patients postoperatively, with return of the mucosal
wave in the 2 patients with preoperative aperiodic
movement.

TABLE 1. PATIENT DATA

Patient Age Sex Diagnosis Duration (wk) Mucosal Wave EMGResuit

1 27 M Idiopathic >52 Present Reinnervated
2 40 M Surgery >52 Absent Denervated
3 24 M Trauma 12 Absent Denervated
4 59 M Idiopathic >52 Present Innervated
5 29 M Neoplasm >52 Absent Denervated
6 50 F Surgery >52 Present Reinnervated
7 70 M Idiopathic >52 Present Innervated
8 67 M Surgery 45 Present Denervated
9 26 F Surgery >52 Present Reinnervated

10 68 M Trauma >52 Present Reinnervated
11 73 F Idiopathic >52 Present Innervated
12 31 F Neoplasm >52 Present Denervated
13 70 M Surgery 8 Absent Denervated
14 31 M Surgery >52 Absent Denervated
15 34 F Surgery >52 Present Reinnervated
16 76 F Idiopathic >52 Present Denervated
17 73 M eVA 4 Absent Denervated
18 76 M Surgery 12 Absent Reinnervated
19 67 M Surgery >52 Absent Denervated
20 58 M Surgery >52 Absent Reinnervated

CVA - cerebrovascular accident.
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TABLE 2. COMPARISON OF PREOPERATIVE FINDINGS
OF ELEcrROMYOGRAPHY VERSUS STROBOSCOPY

Stroboscopy
Electromyography' Wave Present Wave Absent

Innervated
Denervated

8
3

2

7

By Fisher's exact test, probability that distribution demonstrated is due

strictly to chance is .030.

Ten patients met the EMG criteria for denervation.
Three of the 10 denervated patients had normal
mucosal waves, with complete glottic closure during
phonation. One patient had a stable high vagal injury
from a resected glomus tumor. The second patient
had an old (45-week) injury to his recurrent nerve,

occurring after thyroidectomy, and had previously
undergone medialization thyroplasty prior to this

study. The third patient's paralysis was idiopathic
and long-standing. Electromyography demonstrated
electrical silence in the thyroarytenoid and/or lateral

cricoarytenoid muscle, and a normal interference

pattern in the cricothyroid muscle.

Of the 7 denervated patients with absent waves, 6
underwent thyroplasty with vocal fold medialization

during the course of the study. Stroboscopy and EMG
were performed immediately before the procedure,
and stroboscopy was repeated within 1 week after the

procedure and at 1 month and 6 months. Preoperative
stroboscopy revealed incomplete glottic closure along
the entire length of the vocal fold in all 6 patients.
These 6 patients developed mucosal waves with

complete glottic closure after thyroplasty despite no

expected,change in their status ofinnervation (Fig 6).

Phase shift was present in 4 of these 6 patients
postoperatively.

By the Fisher exact test, the probability that the
distribution demonstrated in Table 2 is due strictly to

chance is .030. The distribution obtained when the

postoperative stroboscopy results are used is demon
strated in Table 3. The association between status of
innervation and the presence of the mucosal wave

exhibited in Table 2 no longer holds. The probability
of random distribution in Table 3 is .50.

DISCUSSION

Our data support the contention that the mucosal
wave is reliably present in the innervated vocal fold.
This has been described prevtously.I+!? However,
our findings suggest that the status of innervation is
not the sole determinant of the presence or absence of
the mucosal wave. Three patients in our preoperative
group and 9 patients in the postoperative group had
mucosal waves despite EMG-proven denervation.
That a mucosal wave may be present in a denervated
state is supported by studies in excised canine and
human larynges in which, under the proper condi
tions ofcord tension, glottic aperture, and transglottic
airflow, a mucosal wave could be demonstrated by
high-speed photography. 18

The Isshiki (type I) thyroplasty has been shown

previously to improve the quality of the mucosal
wave in paralyzed vocal folds in which the status of
innervation was not determined. 19 The Isshiki proce
dure medializes the immobile vocal fold, improves

Fig 6. A,B) Preoperative strobo
scopic examination in patient with
long-standing idiopathic vocal fold
paralysis and electromyography
demonstrated electrical silence in
thyroarytenoid and lateral crico
arytenoid muscles. Complete glot
tic gap and large-amplitude, aperi
odic mucosal waves are present
during phonation. C,D) Following
medialization thyroplasty, strobo

scopic examination reveals com

plete glottic closure and symmet
ric mucosal waves with normal
periodicity.
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TABLE 3. COMPARISON OF FINDINGS, AFTER
MEDIALIZATION THYROPLASTY, OF

ELECI'ROMYOGRAPHY VERSUS STROBOSCOPY

Stroboscopy
Electromyography Wave AbsentWave Present

Innervated
Denervated

10
9

o

By Fisher's exact test, probability that distribution demonstrated is due
strictly to chance is .50.

glottic closure during phonation, and may change the
tension of the vocal fold.2O Thus, the mucosal wave

can be present when there is normal, supple mucosa,

adequate transglottic airflow, appropriate vocal fold
tension, and glottic closure during phonation.U This
suggests that the status of innervation affects the
mucosal wave only when it can impact one of these
factors. However, the configuration of the phonatory
mechanism can be adjusted such that a mucosal wave

and improved phonation can exist despite lack of
innervation.

Whether or not the addition of a reinnervation

procedure to static medialization improves the out
come in patients with unilateral vocal fold paralysis

remains to be answered. Theoretically, a combined

procedure will medialize the vocal fold, improve
muscle tone, and add dynamic control of vocal fold
tension.22 These latter effects would be expected to

improve pitch control and minimize the phase shift
observed in our patients following adequate medial
ization. Further study with objective assessment of
voice quality is necessary to evaluate outcome fol

lowing thyroplasty versus thyroplasty combined with
a reinnervation procedure.

CONCLUSIONS

Stroboscopy and EMG are complementary studies
that provide different information: the former pro
vides a dynamic picture of vocal fold function, while
the latter assesses neuromuscular integrity. One can

not replace the other. While the prognostic informa
tion available from EMG has been well defined, the

prognostic value of stroboscopy remains to be deter
mined. The presence of a mucosal wave does not

necessarily correlate with the status of innervation;
and, while the status of innervation may affect vocal
fold position, muscle tone, and glottic closure, it is
not the sole determinant of the mucosal wave.
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A new type of thyroplasty implant (prosthesis) has been designed to be used as part of a surgical operation that accomplishes medial

displacement ofa paralyzed vocal cord. The implant is inserted through a rectangular window fashioned in the thyroid lamina on the side
of the vocal cord paralysis. Instruments for measuring the location and outline of the window in the thyroid lamina are presented. A

thyroplasty saw blade is introduced. By using this blade, a window of precise measurement can be constructed without injury to the

underlying perichondrium. The implant is constructed from a biocompatible, medical-grade polymer. Four sizes each are available for
the male and female larynges. The proper-size implant can be selected with a measuring device. It is not necessary to alter the implant
at the time of surgery; it snaps into place and suturing is not necessary. Once the implant is inserted, its medial or lateral displacement
is not possible; on the other hand, the implant can be easily removed ifvocal cord function returns, or if a change to a different-size implant
is indicated. The design of the implant will close the posterior commissure.

KEY WORDS - laryngeal framework surgery, phonosurgery, thyroplasty, vocal cord paralysis.

Two and a half decades ago, I (W.W.M.) was a

member of the first group of laryngologists to use

Teflon paste (polytef WIFE], Mentor Division of
Codman and Shurtleff, Inc, Randolph, Mass) as a

method of medializing a paralyzed vocal cord.1,2
After a few years of its usage, I concluded that 81 %
of my patients enjoyed improvement in vocal func
tion; however, after 2 decades' experience with Tef
Ion paste and further evaluation of my patients, I
found that only 60% had good voices. Following a

discussion with Isshiki and Blaugrund, 2 others expe
rienced in this field,3-9 I began using the thyroplasty
type I operation as an alternate method for treating
unilateral vocal cord paralysis in the paramedian and
abducted positions.

Four years ago, I became disenchanted with the
current techniques for the thyroplasty type I opera
tion. There were 4 reasons for this. 1) Once the

operation was performed, and vocal cord function

subsequently returned, it was sometimes difficult to

reverse the operation. 2) If, following the thyroplasty
type I operation there was either. undercorrection or

overcorrection of the defect, adjustments were also
difficult. 3) The cartilage trapdoor or silicone blocks
that are used to medialize the paralyzed vocal cord are

firm and nowhere near the consistency of the sur

rounding tissues. 4) Most of the thyroplasty type I

procedures do not allow for closure of the posterior
commissure.

With the above thoughts in mind, I began research

using fresh human cadaver larynges (both male and

female) along with skeletons of the laryngeal frame
work to find solutions to these problems. As a result
of this research, a new type of thyroplasty prosthesis
has been developed, to be used as part of a surgical
operation that accomplishes medial displacement of
the paralyzed vocal cord.

In order to facilitate proper localization and outlin

ing of the window in the thyroid lamina, as well as to

shorten the length of the operation, we are introduc

ing 2 new instruments.

ADVANTAGES OF THYROPLASTY PROSTHESIS

1. The implant will be readily available, and thus
it is not necessary to either fashion or alter it at the
time of surgery. There are 4 sizes for the male larynx
and 4 sizes for the female larynx.

2. By using a measuring device, the correct size
can be easily determined intraoperatively by visual

izing the larynx with a fiberoptic laryngoscope and

listening to the patient's phonatory function.

3. The implant is easily inserted. It snaps into

place and no sutures are necessary.

4. Once the implant is inserted, the chance for
medial or lateral displacement is remote.

5. If indicated, the implant can be easily removed
without damage to either the cartilaginous or soft
tissue structures.

From the Department ofOtolaryngology, Massachusetts Eye and Ear Infirmary and Harvard Medical School, Boston, Massachusetts (Montgomery,
Varvares), and the Department of Otolaryngology, Lenox Hill Hospital, New York, New York (Blaugrund).
Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 11-12, 1992.
REPRINTS - William w. Montgomery, MD, 243 Charles St, Boston, MA 02114-3096.
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Thyroarytenoid M.

Vocal Ligament

Fig 1. Design of thyroplasty implant. A) Thyroplasty implant consists of2 components: tiered base and obtuse triangular top. There
are 4 sizes for both male and female larynges. Difference in size relates to various heights of triangular portion of implant. Tiered
base remains constant in all male and also female implants. B) Base of implant is made up of 3 tiers. Lateral portion of base (A)
measures 9 x 14 xl mm for men and 7 x 12 x 1 mm for women and remains outside thyroid cartilage, on its surface. This design
prevents inward displacement of implant. Middle portion ofbase (B) has same dimensions as window in thyroid lamina (7 x 12 x 3
mm for men and 5 x 10 x 2 mm for women). This portion ofbase stabilizes implant against any movement. Medial portion ofbase

(C) remains inside thyroid lamina and is 7 x 16 x 1 mm for men and 5 x 14 x 1 for women. This design prevents outward

displacement of implant. Base is constructed from firm, medical-grade material designed for long-term implantation (65 on

durometer scale). Triangular intralaryngeal portion (D) of implant is designed to displace vocal cord medially in order to improve
phonation. Height of this portion varies in size according to sex of patient and how far vocal cord is to be medially displaced.
Posterior portion projects slightly posteriorly in order to reach base of vocal process of arytenoid. Medial margin of triangular
intralaryngeal portion is rounded in order to reduce any potential trauma to vocal cord. Effective height of triangle varies depending
on size of implant. Heights for women are 6 mm, 7 mm, 8 mm, and 9 mm. Heights for men are 8 mm, 9 mm, 10 mm, and 11 mm.

Lateral aspect (base) of triangular intralaryngeal portion adheres to medial tier of base. For women, this dimension is 5 x 12 mm,
and for men, 7 x 14 mm. Obtuse-triangular, intralaryngeal portion is constructed with softer (30 on durometer), radiopaque,
medical-grade material suitable for long-term implantation.

6. Because of the uniformity of the base design,
different-size implants can be inserted with no change
in the thyroid lamina window.

7. The design of the implant will close the poste
rior commissure, giving a higher percentage of good
postoperative results.

DESIGN OF THYROPLASTY PROSTHESIS

Basically, there are 2 parts to the prosthesis (Fig 1).
The lateral, or outer, portion serves to lock the pros
thesis to the window made in the thyroid lamina. This
lateral portion is constructed with 3 rectangular plates
of finn material. The most lateral plate (A) remains
on the outer surface of the thyroid lamina and pre
vents medial displacement of the prosthesis. The
middle portion (B), which is the same size as the
window in the thyroid lamina, stabilizes the implant
against any movement. The inner plate (C) remains

against the inner surface of the thyroid lamina and
serves to prevent lateral displacement of the prosthe
sis. The lateral portion remains constant for both the
male and the female larynges. The lateral portion of
the prosthesis must be quite finn, but on the other
hand, malleable enough to allow for flexibility dur-

ing its insertion. A density of 65 on the durometer

scale (Shorea) was found to be best suited for this

purpose.

The inner, or medial, portion (D) of the prosthesis,
which serves to medialize the vocal cord and the
vocal process of the arytenoid, is of a rather complex
design. It is triangular in shape. The hypotenuse of
this triangle is designed to correspond to the long axis
of the vocal cord when it is in the median position.
The base of the triangle is adherent to the inner plate
of the portion of the prosthesis that is fixed to the

thyroid lamina. The third side of the triangle makes a

1160 angle to the plane ofthe base. Its tip thus projects
posteriorly in order to contact the base of the vocal

process of the arytenoid. In so doing, it accomplishes
closure of the posterior commissure.

It was necessary to determine the type of polymer
and the density thereof for the medial, triangular
portion of the prosthesis. This research involved

working with a medical products manufacturer (Bos
ton Medical Products, Waltham, Mass), including a

polymer chemist, in its research and development
laboratory. We concluded that a biocornpatible, medi-
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Fig 2. A) Oblique view of neck with horizontal skin incision. Thyroid notch (1), cricothyroid membrane (2), and inferior margin
of cricoid cartilage (3) are identified in anterior midline of neck. Incision begins on contralateral side of neck, midway between

thyroid notch and inferior margin of thyroid cartilage. It is extended on ipsilateral side to just beyond anterior border of
sternocleidomastoid muscle. B) Skin flaps are established superiorly and inferiorly in plane above fascia covering strap muscles.
Two sternohyoid muscles are separated in midline, exposing thyroid notch, thyroid lamina anteriorly, and cricothyroid membrane.
As general rule, sternohyoid and omohyoid (anterior belly) muscles are retracted laterally, exposing thyrohyoid muscle. SH

sternohyoid, CT - cricothyroid, OH - omohyoid, ST - sternothyroid, SCM - sternocleidomastoid. C) Broken line indicates
level for transecting thyrohyoid muscle (TH). This is incised, exposing thyroid lamina and inferior thyroid tubercle. On occasion,
exposure can be difficult. In such cases, strap muscles can be transected. This adds little or nothing to postoperative morbidity of

operation.

cal-grade polymer would be the ideal material, one

that could be readily fused to the outer portion of the

prosthesis during processing. We determined that a

density of 30 on the durometer scale (Shorea) would
be most compatible with the surrounding tissues.
This portion of the prosthesis is radiopaque. The
overall contour of the triangle portion is designed so

that it will medialize only the true vocal cord, and not

the ventricle or false vocal cord. There are 4 sizes for
the male larynx, and 4 sizes for the female larynx.
EVALVAnON OF PATIENT

Preoperatively, the larynx is evaluated by video

laryngoscopy and videolaryngostroboscopy using the

Olympus P3 fiberoptic scope, and the Nagashima
rigid scope. The voice is evaluated using the Visipitch.
The parameters of this evaluation include amplitude,
range, fundamental frequency, jitter, and maximum

phonation time (MPT). This evaluation is repeated 4
to 6 weeks after the operation, and again 6 months and
1 year postoperatively.
ANESTHESIA

A competent anesthetist or anesthesiologist is es

sential for the success of this operation. The correct

balance between sedation and responsiveness has to

be maintained during the entire operation. The sug
gested anesthesia for thyroplasty in the average 70-

kg patient is as follows. Initially, Versed, 1 to 2 mg
intravenously, is used in the holding area. Fentanyl
citrate, 50 ug/ml., is used in the holding area or on the

way to the operating room. In the operating room,

fentanyl, 25 ug (x2), is used at the beginning of the

operation. Incremental doses ofpropofol are used 30-
20-10 mL, etc.

One nasal cavity is sprayed with a mixture of 3%

Xylocaine and 1 % phenylephrine hydrochloride and
then packed with a pledget saturated with 4% cocaine

hydrochloride solution. The pack remains in place
until the introduction of the fiberoptic laryngoscope.
The line of the incision and the underlying muscula
ture are injected with 2% Xylocaine and 1:100,000
ephedrine hydrochloride.

Two to 5 minutes prior to insertion of the prosthe
sis, 50 to 100 mg of lidocaine hydrochloride is used,
followed by propofol, after laryngeal evaluation with
a fiberoptic scope inserted through the nose.

TECHNIQUE OF SURGERY

The horizontal incision begins on the contralateral
side of the neck, midway between the thyroid notch
and the inferior margin of the thyroid cartilage. It
extends to the ipsilateral side of the neck, just beyond
the anteriorborder of the sternocleidomastoid muscle

(Fig 2A). Skin flaps are established superiorly and
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inferiorly in a plane superficial to the fascia covering
the strap muscles. The sternohyoid muscles are sepa
rated in the midline so as to identify the thyroid notch,
the thyroid lamina anteriorly, and the cricothyroid
membrane.

The strap muscles are undermined and retracted

laterally (Fig 2B); however, if exposure is difficult,
they are transected at a level midway between the

thyroid notch and the cricothyroid membrane (Fig
2B). Exposure is accomplished with 2 Wheatlander

type self-retaining retractors. Most often, it is not

necessary to transect the strap muscles.

The thyrohyoid muscle is transected (Fig 2C) so as

to expose the thyroid lamina. The inferior thyroid
tubercle is palpated about midway along the inferior
border of the thyroid lamina. It is exposed with sharp
and blunt dissection (Fig 2C).

Instruments have been designed to accurately lo
cate and outline the window in the thyroid lamina

(Fig 3A). These measuring devices (7 mm in women

and 9 mm in men) are used to locate the superior
border and the anterosuperior angle (key point) of the
window (Fig 3B). After the inferior thyroid tubercle
has been defined and exposed, the inferior border of
the thyroid lamina is exposed anterior and posterior
to this structure. One point of the calipers touches the
inferior border of the thyroid lamina, anterior to the
inferior thyroid tubercle, and the other, a point di

rectly superior. As the inferior point is lifted free, a

Bovie is applied to the tip of the measuring device and

ANTERIOR

Fig 3. Orientation of window. A)
Measuring device 1. Instruments
used to measure from inferior bor
der of thyroid cartilage to superior
borderof thyroplasty window, and
from anterior midline of thyroid
cartilage to anterosuperior angle
(key point) of thyroplasty win
dow. B) Inferior thyroid tubercle
is palpated about midway along
inferior border. Marks are made
with calipers (measuring device)
directly superior from points ante

rior and posterior to inferior thy
roid tubercle. Line connecting
these 2 points indicates direction
ofvocal cord and is about midway
between thyroid notch and crico

thyroid membrane. Line marks

superior border of window. An

terosuperior point (key point) is
located by measuring with cali

pers or measuring device from
anterior midline and along supe
rior border of window.

7 mm Female
9 mm Male

SUPERIOR

a cautery mark will appear at the superior point. A
similar cautery point is made beginning on the infe
rior border, posterior to the inferior thyroid tubercle.
The anterior and posterior cautery marks are con

nected with a marking pen. This line is extended to

the anterior aspect of the thyroid lamina. With the
same calipers, a mark is made along the line, begin
ning at the anterior midline and extending posteri
orly. This cautery mark is the point of the antero

superior angle (key point) of the thyroid lamina win
dow. The distance again is 7 mm in the female and 9
mm in the male larynx.
OUTLINE OF WINDOW

The instrument for making the outline of the win
dow is basically a modified cautery tip ("brand
ing iron"; Fig 4A). The instrument is first inserted
into the Bovie handle, with the tip placed so that the

anterosuperior angle and superior border correspond
to the "key point" mark and line on the thyroid
lamina. Current is applied and 4 marks appear on the

cartilage surface (Fig 4B). These marks are con

nected with a marking pen, thus completing the
outline of the window.

Conventional Method/or Outlining Window. The
measurements for constructing the window in the

thyroid lamina for the purpose of thyroplasty type I
are summarized in Fig 5. The anterosuperior angle of
the window is measured from the anterior midline

along the anteroposterior line with calipers. This
measurement is 7 mm for the female larynx and 9 mm



120 Montgomery et al, Thyroplasty

Fig 4. Measuring device 2. A)
Modified cautery tip used to out

line window. B) Once line of su

perior border and anterosuperior
point (key point) of window has
been established on thyroid lam
ina, modified cautery tip that mea

sures 5 x 10 mm in women and
7 x 12 in men can be used as short
cut. Four cautery marks are con

nected, completing outline ofwin
dow.

A

for the male. The anteroinferior angle of the window
is measured directly inferior from the firstpoint. This
measures 5 mm for the female larynx and 7 mm for
the male. The posterosuperior angle of the window is
measured posteriorly along the line from the antero-

Sup. 'thyroid
notch

Ant. Inf. margin of
thyroId cartilage

Fig 5. Design of window (conventional method). With
calipers, anterosuperior angle (same as key point, b) for
thyroid lamina window is measured from anterior midline
(a). This measurement (a-b) is 7 mmforfemale and 9 mm

for male larynx. Anteroinferior angle (c) for window is
measured from point b. This measurement (b-e) is 5 mm

for female and 7 mm for male larynx. Posterosuperior
angle (d) for window' is measured from anterosuperior
point (b). This measurement (b-d) is 10 mm in female and
12 mm in male. Posteroinferior angle (e) is made from
posterosuperior point (d). This measurement (d-e) is 5 mm

in female and 7 mm in male larynx. It is again emphasized
that superior and inferior borders of window must be

.
parallel to inferior border of thyroid lamina. These 4 points
are connected to complete window outline.

B

superior point. This measures 10 mm for the female

larynx and 12 mm for the male. The posteroinferior
angle ofthe window is made directly inferior from the

posterosuperior point. This measures 5 mm for the
female larynx and 7 mm for the male. It is again
emphasized that the superior and inferior borders of
the window must be parallel to the inferior border of
the thyroid lamina. The 4 points are connected to

complete the rectangular window outline.

Method/or Cutting Window. A small, tangential
electric saw (Fig 6A) has been specially designed for
the thyroplasty type I operation and other laryngeal
framework surgery (Stryker Corp). The outer peri
chondrium is not disturbed. This saw can be used in
all cases, regardless of whether or not the cartilage
has undergone ossification. Cutting the window (Fig
6C) is accomplished with great care so as not to injure
the underlying soft tissues. Once the window is free,
it is carefully separated from the underlying peri
chondrium with a curved periosteal elevator and
removed.

INNER PERICHONDRIUM

Following removal of the cartilage from the win
dow, the inner perichondrium is elevated from the

underlying cartilage in all directions (Fig 7A). A
midline anteroposterior line is cauterized with bipo
lar cautery on the inner perichondrium as indicated in

Fig 7B. This line in the inner perichondrium is care

fully incised so as to expose the underlying fascia

covering the intrinsic laryngeal musculature. Sharp
Stevens scissors work well for making this incision.
It is my impression that medialization is not as precise
when the inner perichondrium is not incised. If the
inner perichondrium remains intact, it is tented in by
the prosthesis, and unnecessary and undesired medi
alization is accomplished superiorly and inferiorly.
MEASURING FOR IMPLANT

A measuring device (Fig 8) is inserted through the
window in the thyroid lamina. There are 4 sizes for
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A

Fig 6. Thyroplasty saw. A) Photo

graph of thyroplasty saw handle and
blade (Stryker Corporation, Kala
mazoo, Mich). B) Small electric

thyroplasty saw handle and blade
have been specially designed for

laryngeal framework surgery. C)
Cutting this window is accom

plished with care so' as not to injure
underlying soft tissues. Cartilage is

carefully separated from underly
ing perichondrium with curved peri
osteal elevator and is removed.

both the male and female larynges. The vocal cords
are observed with a fiberoptic laryngoscope during
this process. The end point is complete closure of the
vocal chink, from the anterior commissure to the

posterior commissure. The ideal measurement is re

corded so that the correct-size implant can be se

lected.

INSERTION OF IMPLANT

The thyroplasty implant is grasped with forceps
(Fig 9A). The posterior tip of the medial triangular
portion ofthe implant is inserted through the window.
The slot in the tiered base of the implant is engaged
into the posterior rim of the window in the thyroid
lamina. A duck-bill spatula is inserted into the slot

anteriorly, and the prosthesis is snapped into place
(Fig 9B).

If the implant requires change at the time of sur

gery, or change or removal at a later date as a

secondary procedure, the anterior end of the external

portion of the implant (lateral tier) is grasped with

forceps or a hemostat. With lateral pull, the implant

snaps out as easily as it was inserted.

REPAIR

The muscle (if transected) and subcutaneous tis
sues are approximated with 3-0 chromic catgut, and
the skin incision is repaired with 6-0 mild chromic

catgut. Steristrips are applied after preparing the skin
with Mastosolliquid adhesive or tincture ofbenzoin.

Butterfly-closed suction drainage is used along with

red-top vacuum tubes.

POSTOPERATIVE CARE

1. Medication for pain may be needed the first

day.
2. Antibiotics, which were started preoperatively,

are continued for 1 week. Intravenous Decadron (8 to

12 mg) is given at the beginning of the operation and
continued for 2 additional doses at 8-hour intervals.

3. Red-top vacuum tubes are changed at 2- to 4-
hour intervals or as soon as they are one- fourth filled
with blood. This requires careful nursing surveil-

Fig 7. Inner perichondrium. A)
Once cartilage window has been
removed, inner perichondrium is
elevated from cartilage in all direc
tions. B) Midline anteroposterior
line is cauterized in innerperichon
drium with Bovie cautery on low
current orbipolarcautery. This line
is incised carefully with delicate
scissors (Stevens) so that underly
ing fascia and muscle tissue are not

injured.
A
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Fig 8. Measuring for implant. Implant sizes are 6, 7, 8, and
9 nun for women and 8, 9, 10, and 11 nun for men.

Measuring device is shown being inserted through win
dow in thyroid lamina. There are also 4 measuring devices
for both male and female larynges. Measuring device is
inserted while vocal cords are observed with fiberoptic
laryngoscope. Ideal measurement is recorded so that cor

rect-size implant can be selected.

lance.

4. The butterfly-closed suction drainage tubing is
removed the morning following surgery, and the

patient is discharged from the hospital. Same-day
discharge is not advised because of the possibility of

laryngeal edema or intralaryngeal bleeding that could

A

B

interfere with the laryngeal airway.
5. The medialportion of the implant is radiopaque;

thus, if indicated, the exact position of the prosthesis
can be easily determined with a computed tomographic
scan at the level of the vocal cords by a few 2-mm

cuts, along with coronal reconstruction.

6. It is my opinion that evaluation of the patient by
videofibrolaryngoscopy or videolaryngostroboscopy
and voice analysis is of little value during the imme
diate postoperative period. The patient is thus evalu
ated in 4 to 6 weeks and again at 6 months and at 1

year.

RESULTS

The last 54 patients have undergone thyroplasty
with the final, perfected model of this thyroplasty
implant. There were 31 men and 23 women. The age
range was from 21 to 85 years, with a mean age of
51.2 years. All patients had unilateral vocal cord

paralysis, 27 on the right side and 27 on the left. The
causes of paralysis were as follows: intracranial pa
thology 6, idiopathic 12, previous neck surgery 17,
intrathoracic surgery 7, skull base lesion 8, neck
trauma 2, intrathoracic neoplasia 1, and hemilaryn
gectomy 1.

A total of 56 procedures were performed in the 54

Fig 9. Insertion of implant. A) Prosthesis is grasped with

forceps, and posterior tip of triangular portion of implant
is inserted through window. B) Tiered base of implant is

engaged posteriorly. Duck-bill spatula is inserted into slot

anteriorly, and prosthesis is snapped into place. Vocal
cords are again observed and voice quality is evaluated. C)
Sketch shows implant in placewith its posterior tip against
vocal process ofarytenoid. Muscles are approximated, and
skin incision is repaired with 6-0 mild chromic suture.

Steristrips are applied. Butterfly-closed suction drainage
is used with red-top vacuum tubes.

Soft Plastic

7 mm Female
9 mm Male

Hard Plastic

c
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Fig 10. Left vocal cord paralysis. A,B) Preoperative photographs taken during A) inspiration and B) phonation. C,D)
Six months postoperatively, during C) inspiration and D) phonation.

patients, with 2 patients each requiring 1 revision.

Fifty-three patients had a subjective improvement in
their voice as determinedby the patient's and surgeon's
assessment ofvoicepostoperatively and the surgeon's
assessment of glottic closure on laryngeal examina
tion.

There were 2 complications perioperatively . Two

patients developed laryngeal edema requiring treat

ment with steroids and antibiotics. There were no

other complications in this group.

The 2 patients who underwent revision did so to

allow placement of a larger prosthesis. At surgery,
the tissue adjacent to the previously implanted pros
thesis showed a thin fibrous capsule formation and no

gross evidence of inflammation.

Three patients in this group had implantation per
formed following radiotherapy to the head and neck.
There has been no difficulty noted in those patients
related to placement of the implant into an irradiated
field. One patient had the implant placed during
radiotherapy to the neck, with no ill effects.

Figure 10 illustrates a representative case. This

patient suffered a left vocal cord paralysis during
neck surgery for melanoma. He has undergone a

thyroplasty using this technique. Figure lOA shows
the vocal cords preoperatively in the position of

abduction; Fig lOB, in the position of adduction; Fig
lOC, postoperatively in the position of abduction;
and Fig lOD, postoperatively in the position of ad
duction. Note that the posterior commissure is closed
after placement of the thyroplasty implant.
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SILASTIC MEDIALIZATION AND ARYTENOID ADDUCTION:
THE VANDERBILT EXPERIENCE

A REVIEW OF 116 PHONOSURGICAL PROCEDURES
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From April 1987 to April 1992, 116 phonosurgical procedures were performed to treat glottal incompetence. The initial numbers
of these surgical procedures included the following: 29 primary Silastic medializations, 3 primary Silastic medializations with arytenoid
adduction, 53 secondary Silastic medializations, 4 secondary Silastic medializations with arytenoid adduction, and 11 bilateral Silastic
medializations. Theseprocedures are useful in treating unilateral true vocal cord paralysis, scarring, bowing, orparesis, as well as bilateral
true vocal cord bowing. Ofthe initial 100 patients, 16 laterunderwent a revision with either a larger implant's being placed or an arytenoid
adduction. Primary Silastic medialization is the placement of an implant under general anesthesia in the same surgical setting in which

laryngeal innervation is sacrificed. Secondary Silastic medialization is the placement of an implant under local anesthesia for a

preexistent vocal cord malfunction. In either case, overall voice results for unilateral paralysis are very good. Primary Silastic
medialization significantly decreases the postoperative rehabilitation period in skull base patients because of the immediate postopera
tive glottal competence and decreased use of perioperative tracheotomy. Bilateral implants yielded good results in 6 patients with

presbylaryngis, but 6 other patients with bowing from other causes experienced only moderate improvement in speech quality. There
were no implant extrusions; however, 1 implant was removed secondary to a persistent laryngocutaneous fistula in a patient who had

previously undergone laryngeal irradiation. This was the only complication in this series.

KEY WORDS - arytenoid adduction, glottis, medialization, phonosurgery, Silastic, tbyroplasty, vocal cord.

INTRODUCTION

Silastic medialization (SM; thyroplasty type I) and
arytenoid adduction (AA) have provided significant
improvement to the care of patients with glottal
insufficiency due to paralysis, paresis, scarring, or

bowing of the true vocal cords (TVCs). Two review
articles on this subject by Koufman 1 and Koufman
and Isaacson- provide an excellent historical back
ground. Although several series had been previously
reported, medialization did not receive significant
attention as a treatment for vocal cord paralysis until
Isshiki et al3,4 advanced the technique using Silastic
as the implant. Isshiki deserves credit as the author of
the surgical procedure most used today. Koufman'
helped to popularize the procedure within the United
States, as well as adding further refinements to the
surgical techniques. Seriesby Maves et al6 andTucker?
supported the high-quality results provided by the
procedure, yet pointed out its limitations and poten
tial complications. The purpose of this paper is to
review the results of our series derived over the last
5 years and discuss further refinements in surgical
technique and instrumentation. By drawing on oto

logic surgical techniques, we developed a less trau
matic and more accurate procedure for implantplace
ment. The patients will be divided into different

procedure categories for more accurate comparison
and assessment.

PATIENT EVALUATION AND
SURGICAL TECHNIQUE

From April 1987 to April 1992, 116 procedures for

glottal incompetence were performed at our institu
tion. These procedures included primary SM (per
formed under general anesthesia at the time ofneural
sacrifice), secondary SM (performed under local
anesthesia), bilateral SM, and AA. Recently, ansa

recurrent laryngeal nerve (RLN) transfer has been
combined with SM when indicated. The surgical
techniques we use for both SM and AA are modifica
tions of the original descriptions of Isshiki et al.3,4,8
Although we have outlined our surgical techniques
before, we would like to amplify these to demonstrate
the significant changes that have evolved over the
last 3 years.?

Patients presenting with preoperative voice defi
ciency received an extensive evaluation, which in
cluded a complete head, neck, and chest examination.
Patients who present with idiopathic paralysis un

dergo a magnetic resonance imaging scan to evaluate
the entire course of the ipsilateral vagus nerve. If an

abnormality is suspected at the level of the skull base,
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Fig 1. Flexible nasopharyngoscope is attached to intrave
nous pole for support and sterilely draped so surgeon can

manipulate it during procedure to maintain best view of
true vocal cords.

a computed tomography scan is used for higher
resolution of the bone-soft tissue interface. Laryn
geal function tests, videostroboscopic evaluation,
and voice analysis are also performed. The composi
tion of this evaluation has matured as our series has
progressed. Many of the early patients did not un

dergo laryngeal function tests or voice analysis. Al
though the human ear remains the most accurate

judge of improvement in voice quality, it is quite
difficult to objectively quantify this improvement for
presentation. Therefore, over the last 2 years we have
tried to identify which objective tests in the laryngeal
function and voice analysis battery best correlate
with improvement in voice quality.

The preoperative videostroboscopy demonstrates
the position of the paralyzed TVC. If during phona
tion the mobile vocal process comes into contact with
the paralyzed vocal process, then usually SM alone
results in marked improvement. If there is a wide
posterior glottic gap with the vocal processes widely
spaced, then the patient is prepared for SM with the
possible addition of AA.

Silastic medialization (either unilateral or bilat
eral), ansa-RLN transfer, and AA are all performed
with local anesthesia, supplemented by intravenous
sedation. Patients are monitored, by the anesthesiol
ogy service throughout the procedure. It is not neces

sary for the success ofthe procedure to use transnasal

�lexible videolaryngoscopy . The size of the laryngeal
Implant, or the degree of adduction, is mainly depen
dent on the quality change in the voice obtained
during the procedure. We, however, continue to use

intraoperative laryngeal video monitoring on all local
procedures (Fig 1). It provides excellent feedback to
demonstrate the position of the TVC in relation to the
window created in the thyroid cartilage, and helps to

prevent overmedialization of the false vocal cord
(FVC) or the ventricle. It is particularly helpful dur
ing AA to prevent overadduction of the vocal pro-

Fig 2. Window is positioned parallel to lower border of

thyroid cartilage. Window template is helpful in laying out

this window; it is placed 5 to 8 mm back from prow of

larynx and 3 mm up from inferior border.

cess. The same feedback can be obtained by intermit
tent observation of the larynx with the nasopharyn
goscope by either the surgeon or an assistant. Ifvideo
monitoring is used, the patient should receive atro

pine and topical nasal anesthesia preoperatively to
decrease excess pharyngeal secretions that would
block the view of the nasopharyngoscope.

The larynx is exposed through a small incision
overlying the midportion of the thyroid cartilage, and
the perichondrium is elevated from the involved side.
The window template, which is 6 x 13 mm, is posi
tioned over the cartilage to mark the window location
(Fig 2). The window is placed parallel to the lower
border of the thyroid cartilage. The plane forming the
lower border of the thyroid cartilage is formed be
tween the anterior lower edge and the portion behind
the muscular process. The inferior extension of the
muscular process at the anterior third of the lower
border of the thyroid cartilage is quite variable.

If the plane between the anterior point of the
thyroid cartilage and the maximum inferior extension
of the muscular process is used as the parallel line for
the lower border, the window may be tilted too far
inferiorly at its posterior point. The window should
be p�aced as close to the lower border of the laryngeal
cartilage as possible, while leaving a strong inferior

�artilage strut to resist fracture while placing the
Implant. The distance from the anterior commissure
back to the anterior edge of the window is determined
by the shape of the cartilage. In the more obtuse
angled cartilage, as seen more often in women the
window is placed closer to the prow ofthe larynx '(Fig
3A). When the laryngeal angle is more acute, as seen

m�st often in men, the win.do.w i� moved more pos
tenor to prevent overmedialization of the anterior
third of the cord. When calcified, the cartilage is

r�moved from the outlined window under magnifica
tion, by means of an otologic drill with a 2- to 3-mm
cutting bur (Fig 4A). The internal perichondrium is

l�ft intact at this .p?in�. In the younger patient, with
little or no calcification of the cartilage, a sharp
elevator can be used to remove this cartilage island.

By removing all of the cartilage from the window,
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Male

A

Female

B
Fig 3. A) Although either laryngeal shape can be seen in either sex, women usually have more obtuse anterior
angle, and men more acute anterior angle, of thyroid cartilage. Average window setback from anterior
commissure is 7 mm in men (A) and 5 mm in women (a). This will prevent overmedialization of anterior
commissure. Length of window (B,b) is same, 13 mm, in both men and women. B) Overmedialization of
anterior commissure results in strained voice, even ifposterior commissure is wide open. This can occur when
window is placed too close to anterior commissure (A), or when too-large implant is placed.

greater accuracy in medialization can be achieved.
The cartilage island, if left in place during medial
ization, can shift when the inverted Silastic T is
positioned. If the island shifts superiorly, as we have
seen in 1 patient referred to us for revision, then the
PVC is medialized, resulting in poor vocal quality. If
the island is pushed straight in, often the medializa
tion is still too high, and ventricular mucosal prolapse
occurs. If the cartilage island shifts inferiorly when
the implant is placed, then good voice quality can

occur; however, care must be taken to prevent
overmedialization of the anterior TVC, which results
in a strained vocal quality. Histologic evidence of this
is seen in a recent case report by Isaacson et al.IO One
month after SM was performed, with an inverted
Silastic T used to medialize the cartilage island, the
patient died. Whole organ sectioning of the larynx
demonstrated the overcompensation of the anterior
half of the vocal cord by the cartilage island.l" Be
cause of this we prefer to remove the entire cartilage
island.This allows the shaped implant to control more

accurately the degree of medialization.

The short laryngeal elevator is used to begin eleva
tion of the perichondrium from the inner surface of
the thyroid cartilage. The inner edge of the cartilage
window is smoothed with a small bur or an otologic
curette. In several previous discussions of this proce
dure, the integrity of the inner perichondrium has
been stressed, implying that injury to it would in
crease the likelihoodofgraftextrusion. 1,4,7 However,
the operative techniques recommended in those same

reports for creating the cartilage island included the
use of the oscillating saw or a sharp surgical knife.
We were fearful that these methods would not only
injure the inner perichondrium, but would also cut

through the thyroarytenoid fascia and the underlying
distal branches of the superior laryngeal vessels.

There is a likelihood of opening into the laryngeal
ventricle with these techniques, as well. To firmly
establish this principle, we performed the first 40

procedures with an operating microscope, carefully
removing the cartilage and leaving the inner peri
chondrium intact. The inner perichondrium was then
widely elevated, and medialization was attempted.
Rarely could adequate medializationbe accomplished.
Because of this finding, we microscopically incise
the perichondrium with a small knife at the superior,
posterior, and inferior margins of the window, mak
ing it a flap. The thyroarytenoid fascia and its under

lying vessels are maintained intact. The long laryn
geal elevator is thenused to separate the thyroarytenoid
muscle fascia from the innerperichondrium (Fig 4B).
The distal superior laryngeal vessel branches can be
seen lying under this fascia. At this point very accu

rate medialization can be accomplished. We feel the
main reason for delayed graft extrusion into the

larynx is injury to the laryngeal ventricle with im
plant contamination. For this reason we feel it is risky
to use a paramedian incision adjacent to the anterior
commissure for implant placement rather than using
a window. The ventricle, which is adjacent to the
inner perichondrium at the anterior commissure, can

easily be injured with any paramedian cartilage inci
sion. Several papers that have outlined this approach
in the past have reported implant extrusions second
ary to implant contamination. 1,1 I

Even with the perichondrium sectioned, a capsule
is formed around the implant, further preventing its
extrusion (Fig 5). Using this technique we have had
no extrusion of implants thus far. After the thyro
arytenoid muscle elevation has been completed, the
depth gauge (Fig 6) is employed. While viewing the
larynx on the monitor, one can use the small end of the

gauge to discretely medialize the tissue in the ante

rior, middle, and posterior aspects of the window.
This is performed at the superior and inferior edges of
the window in each of these positions, the resultant
information showing the relationship of the window
to the TVCs and PVCs. Usually, medialization at the

superior aspect ofthe window results in movement of
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A B

Fig 4. A) Under magnification, 2- to 3-mm cutting bur is
used to remove cartilage from window. This can be done
without injury to inner perichondrium. B) After perichon
drium has been carefully incised along superior, posterior,
and inferior margins ofwindow, long laryngeal elevator is
used to separate thyroarytenoid fascia away from inner

perichondrium.

the FVC and ventricular mucosa. For this reason, the
implant is carved so that the plane of maximum
medialization is at the lower edge of the window. The
larger, sloped end of the depth gauge is then used to
medialize the cord while the patient is phonating. The
gauge can be moved or angled in any position to
define the depths of the anterior and posterior aspects
ofthe implant needed to acquire the best voice. These
measurements are read off the gauge from the inner
aspect of the thyroid cartilage. If the inner edge
cannot be seen well, then the distance to the outer

edge is recorded. The smaller end of the gauge can

then be used to measure the anterior and posterior
widths of the cartilage, which are subtracted from the
measurements just acquired. Care must be taken to

prevent overmedialization of the anterior third of the
TVC, which results in a strained, spastic voice (Fig
3B).

After the implant dimensions have been acquired,
the final implant is carved. We hope that a precarved
implantwill soon be released that requires only minor
modifications for each patient's needs. Until then we

continue to carve implants fromSilastic block (Fig
7). Several implants are partially carved ahead of
time to prevent lengthy carving during surgery.

Because of the shorter female vocal cord, the
distance from the anterior aspect ofthe window to the
maximum point of medialization is less in women.

This, combined with the more obtuse shape of the
female thyroid cartilage, results in an implant that is
more equilateral in its two laryngeal surfaces. From
the anterior edge ofthe implant to the maximum point
of medialization is approximately 10 mm in women

and 13 to 14 mm in men. If no return of vocal cord
function is possible, then a 5- to 6-mm tail extends

Fig 5. This view through thyroid cartilage window during
revision operation in which larger implant was placed
demonstrates fibrous capsule that develops around im

plant after placement.

medially to the thyroid cartilage and posteriorly to the
window. This extension of the implant is tapered to

prevent contact with the muscular process of the

arytenoid. Contact on the anterior surface of that

process would prevent adduction of the process,
working contrary to its proposed mechanism. If there
is still a possibility of functional return of the vocal
cord or the implant is being placed deep to a mobile
cord because ofparesis, scarring, or bowing, then the

posterior extension may be decreased to ensure no

interference with arytenoid movement.

To standardize our records we use the formula
a x b x c ...d to documentthe size in millimeters of the

implants placed; "a" stands for anterior medializa
tion, "b" for posterior maximal medialization, "c" for
the overall length, and "d" for the length from the
front of the implant back to the point of maximal
medialization. A typical implant placed in a male
larynx would be 2 x 6 x 18 ... 13 mm. The implant is
often divided into two pieces to allow a more gentle
insertion (Fig 8A).

After the lower edge is placed into the window, the
implant is rotated into position (Fig 8B). The poste
rior portion is placed first and moved back partially
posterior to the window, after which the anterior half
then locks the posterior segment in place. If the
quality of the voice is not as good as expected, then
the implant can be removed with two small skin
hooks and adjusted appropriately. The time from
intralaryngeal elevation to final placement of the
implant needs to be as short as possible to allow for
voice evaluation without the interference of edema.
The final- shape of the implant usually provides the
maximum plane of medialization at the lower border
of the window to prevent medialization ofthe FVC or

the ventricular mucosa (Fig 9).
If it is obvious at this point that the posterior glottis

cannot be closed, then an AA is performed. We
perform this in a very similar manner to the original
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Fig 6. Depth gauge is very helpful in simulating medi
alization needed at both anterior and posterior aspects of
vocal cord. It is thin enough to move up and down within
window to identify level that will move true cord into
position without medialization of false cord. Millimeter
markings on gauge dictate anterior and posterior dimen
sions of implant.

description of Isshiki et al.8 The posterior border of
the thyroid cartilage can be approached by either
dissecting lateral to the strap muscles and cutting
through the inferior constrictor to expose the carti
lage, or continuing the elevation of the outer peri
chondrium until the entire ala of the thyroid cartilage
can be seen.

After the lateral edge of the thyroid cartilage is
isolated, either the cricothyroid joint is opened for
better access, or a portion of the posterior rim of the

thyroid cartilage is removed to expose the muscular

process of the arytenoid. The pyriform mucosa is
carefully elevated until the posterior aspect of the
arytenoid can be palpated. The posterior cricoaryte
noid muscle can be removed from the muscular
process of the arytenoid as needed for mobility of the

cartilage. We rarely open the cricoarytenoid joint
capsule as described by Isshiki et al.8 This can lead to

prolapse of the arytenoid cartilage into the laryngeal
lumen with overadduction of the posterior commis
sure. A 3-0 Prolene suture is passed twice through the
muscular process and the surrounding tissue and
brought forward to reproduce the pull of the thyro
arytenoid muscle on the muscular process. Arytenoid
adduction is most often performed in conjunction
with, or delayed after, SM; thus, the suture is passed
through the paraglottic space and the Silastic implant.
Only a gentle pull is necessary to adduct the vocal
process. We move the arytenoid back and forth until
the correct position is identified. The suture is tied
over either the anterior portion of the implant or the
lower border of the thyroid cartilage, about 5 to 8 mm

back from the prow of the larynx.
If indicated after completion of SM, reinnervation

as described by Crumleyl- is performed to suture a

branch of the ansa-hypoglossal-cervicalis system to
the cut end of the RLN. This, along with SM and AA,
can easily be performed under local monitored anes

thesia with intravenous sedation. The goal of this
procedure is not the return ofnormal function, which
is highly unlikely, but to maintain muscle bulk and
provide static muscle tone within the laryngeal

muscles. Many injuries to the RLN or the vagus nerve

that produce TVC paralysis are the result of stretch or

crush injuries with a high likelihood of delayed rein
nervation. Often this. regrowth does not result in

physiologic motion of the cord, but activity on elec

tromyography (EMG) confirms the reinnervation.
This regrowth will maintain the muscle bulk and
provide tone, making nerve transfer unnecessary. If
division of the RLN or vagus nerve is known to have
occurred within 2 years of the potential date ofrepair,
then reinnervation is indicated if no spontaneous
regrowth has occurred.

This determination is confirmed with either pre
operative or intraoperative EMG. If normal EMG
activity is absent and no reinnervation potentials are

seen, then nerve transfer is performed along with SM.
If neural injury has occurred more than 2 years from
the surgery date, reinnervation is unlikely to add any
benefit secondary to chronic denervation muscle
atrophy. The decision-making process becomes more

confusing if one schedules the patient for SM within
the first year, as we often do. Spontaneous nerve

regeneration through an intact but injured nerve may
not have had time to manifest itselfon EMG. Tucker"7
uses a nerve-muscle pedicle placed through the car

tilage window to reinnervate the thyroarytenoid only.
This has the potential advantage of leaving the RLN
intact for the possibility ofregrowth, while providing
an alternate neural supply to the thyroarytenoid
muscle. These concepts on nerve transfer are only a

rough guide. Hopefully, as we obtain longer follow
up on our patients with intraoperative EMG, we can

suggest more concrete guidelines.

RESULTS

From April 1987 until April 1992, 116 procedures
were performed on 100 patients. There were 123
Silastic implants placed, and 14 AAs performed.
Several of these were performed at the same surgical
setting and were considered as one procedure. The
procedures used are outlined in Table 1.

Primary Silastic Medialization. Thirty-two pa
tients underwent primary SM at the end of the surgi
cal procedure in which the laryngeal innervation was

sacrificed. There were 18 men and 14 women ranging
in age from 22 to 75 years. Primary AA was per
formed as well in 3 of the patients. The cause ofvagal
sacrifice was either a skull base or high vagal nerve

tumor in 26 patients, while 5 patients underwent
cervical excision ofboth the carotid artery and vagus
nerve secondary to involvement by squamous cell
carcinoma (SCC). One furtherpatient, with unilateral
paralysis, presented with an extensive anterior cervi
cal osteophyte impinging on the RLN at the cri
cothyroid junction. PrimarySM was performed after
the osteophytes were removed. Of this group, 5
patients have undergone surgical revision, 3 with
larger implants placed, 1 with both a larger implant
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Fig 7. A) Medium-softness Silastic block is prepared by removing two lateral strips, leaving central 5 x 5-mm ridge. B) Rough
implant is outlined and cut from block. Distance from front of implant back to point ofmaximum medialization (a) is determined
during voice testing with depth gauge. Residual distance to posterior aspect of implant (b) is 5 mm. Height of rough implant (h)
is usually outlined 1 to 2 mm greater than fmal implant height. C) Rough implant slides into implant holder for final shaping. D)
Planeofmaximummedialization (PMM) is outlined on implant at level determined by depth gauge during voice testing. This plane
is usually at lower level of cartilage window. Excess Silastic is removed from implant by carving from PMM along cuts a and b.
E) Final height or medialization point (6 mm in this example) is outlined, and excess Silastic is further removed. All sharp edges
are rounded to decrease trauma to paraglottic space during placement of implant. F) After removal from holder, lateral strut is
outlined to fit window and excess is removed. Final implant is divided into two pieces to further decrease trauma of insertion.

and AA, and 1 with AA only. One of the first 3
patients with revisions has subsequently undergone a

second revision with AA. There have been no graft
extrusions in this group.

In the 6 patients who received primary SM second
ary to neck surgery, 4 underwent a tracheotomy at the
same time to prevent airway compromise after com

posite resection for see. The fifth patient, who
underwent radical neck dissection only, and the sixth
patient, who underwent resection of the cervical
osteophytes, did well with no tracheotomy. Even
with early glottal competence provided by the pri-

mary SM, 4 of the 5 patients presenting with see
have performed poorly with swallowing rehabilita
tion. This is probably due to the surgical alteration of
the laryngopharyngeal tissue, as well as the signifi
cant sustained edema that accompanies the combina
tion of these ablative procedures and radiotherapy.

Of the 26 patients who received a primary SM
secondary to skull base surgery, the first 5 also
underwent a tracheotomy. This was standard proce
dure prior to primary SM to protect the airway from

aspiration and provide pulmonary toilet. After we

gained confidence in primary SM, the following 21
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Fig 8. Carved Silastic implant. A) Ready to insert into
larynx. It has been divided in half for ease of insertion. B)
Lower edge of implant is rolled into window, and upper
edge is slowly compressed until it snaps under thyroid
cartilage. Posterior halfis placed first and moved back into
position; anterior piece locks it in place.

patients underwent medialization only at the time of
skull base surgery.

Two of these 21 patients subsequently underwent
a tracheotomy. The first, a 75-year-old man, lost
cranial nerves IX, X, XI, and XII secondary to a

complete temporal bone resection for SCC. Cranial
nerves IX and X were positive for carcinoma at the
brain stem. Thepatient neverregainedhis preoperative
level ofmental status. Postoperatively he was lethar
gic but arousable and underwent a tracheotomy 2
weeks later after severe aspiration pneumonia further
compromised his health. He died of his disease 8
months later.

The second, a 56-year-old woman who underwent
primary SM along with excision of an extensive
vagal paraganglioma, developed increasing stridor
postoperatively. On laryngoscopic examination we

could see that the implanted cord was nicely posi
tioned in the midline; however, the contralateral TVC
was paralyzed as well, necessitating a tracheotomy to
relieve airway obstruction. Her clinical course was

furthercomplicatedby subacutebacterial endocarditis.
Two months later, after normal function of the con

tralateral TVC returned, she was decannulated and
oral nutrition was resumed.

The other 19 patients have progressed through
their postoperative period without the need for tra

cheotomy. Initial oral intake and adequate oral intake
occurred earlier in these patients who did not undergo
a tracheotomy, as compared to patients who under
went tracheotomy alone or tracheotomy along with
primary SM. We recently reviewed this group ofpa
tients to assess the improvements in postoperative
rehabilitation by the use ofprimary SM.13 To prevent
redundancy, the reader is referred to that work for an

in-depth discussion of the results. The voice results in
this group are difficult to report objectively. When

A B
Fig 9. A) Finalpositionof implantdemonstrates maximum
plane of medialization at. lower margin of window to

prevent medialization of false cord and ventricle. B) Pos
terior extension of implant, which can be adjusted, will
medialize vocal process of arytenoid in most cases.

trained speech evaluators were asked to judge the

quality of the voice of these primary SM patients, the

quality and projection of the voice was frequently
underappreciated because of the hypernasality and
articulation deficits resulting from high resection of
cranial nerves IX, X, and XII. For this group a simple
rating scale included four divisions. Patients with
follow-up tapes were evaluated. Fourteen of the 21

patients who returned to Nashville for follow-up
were judged to have normal or near-normal voice.
Five patients developed either moderate breathiness
with good projection or significant raspiness. Two

patients had a significant air leak and could not

communicate in a loud environment. No patients
developed a whisper voice. The voice quality contin
ues to improve for up to 1 year after the procedure.
There were no delayed complications in this group.

Secondary Silastic Medialization. Fifty-seven
patients underwent secondary SM under local anes

thesia. Four of these patients underwent AA as well.
This group consisted of 36 men and 20 women who

ranged in age from 24 to 85 years. Of this group 8
patients have undergone revision surgery, 4 with

larger unilateral implants, 2 with larger implants plus
AA, and 2 with AA alone. The causes ofthe unilateral
paralysis or paresis are outlined in Table 2. No stridor
developed in any of the patients, either acutely or in
the postoperative period. All except 2 presented with
unilateral paralysis. One of these 2 was a 31-year-old
man who presented with a 2-year history of poor
communication with a breathy voice. He was strug
gling to keep his job as foreman of the night shift at
a local factory. The voice alteration occurred after a

severe bout of laryngitis. Examination demonstrated
bilateral motion with significant notching of the
anterior halfof the rightTVC. Afterunilateral SM his
voice returned to near normal, with excellent projec
tion. The second patient presented with significant
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TABLE 1. PHONOSURGICAL PROCEDURES USED FOR
GLOTTAL INCOMPETENCE

Procedure No.

Primary unilateral implant 29

Primary unilateral implant with arytenoid adduction 3

Secondary unilateral implant 62

Secondary unilateral implant with arytenoid adduction 7

Arytenoid adduction 4

Bilateral implants 11
Total 116

unilateral paresis; a unilateral implant failed to im
prove his condition. The arytenoid on the weaker
side, although mobile, failed to come to midline.
During attempted revision it was obvious that if a

large enough implant were placed to medialize the
arytenoid, its function would be impaired. This may
have been indicated for voice improvement, but not

fully understanding the cause ofhis paresis, we were

hesitant to harm unilateral function for fear that the
opposite TVe might be affected in a similar manner

in the future. The only complication in the series
occurred in a man who presented with a lateralized
fixed hemilarynx. Fifteen years prior he had under
gone radiotherapy to his right TVe for sec. This
resulted in a breathy voice with mild aspiration.
During the surgical procedure, after the cartilage
window had been removed, the paraglottic space was

found to be fibrotic with scar tissue. The ventricle
was inadvertently entered during the elevation of this
fixed tissue. The operation was completed with
perioperative antibiotic coverage. The patient was

initially pleased with the voice improvement, but a

draining sinus to the skin developed several weeks
later. After a lengthy trial ofantibiotics failed to bring
improvement, the patient refused to allow removal of
the implant. Although his voice was very raspy, he
was pleased with the improvement in swallowing
resulting from the implant. Finally, 6 months postop
eratively the implant was removed.' He went on to

develop chondritis of the thyroid cartilage, which
resolved after debridement.

To gain a more objective approach to the analysis
of the postoperative voice quality, several different
parameters were considered. Although maximum
phonation time and mean airflow have a great deal of
variation, these may be the best tests to demonstrate
improved glottal competence. Our early data were

sketchy in this area, and we continued to try to apply
these tests in a meaningful way to determine the
degree ofvoice improvement. A subjective review of
the available voice tapes using a simple evaluation of
postoperative voice yielded 23 patients with normal
or near-normal voice, 11 patients with slight breath
iness or significant raspiness, 2 patients with weak
voice, and no patients with a whisper voice.

In an attempt to better quantify these findings, one

of the senior authors (RE.S.) set up a computer
model in which matched pairs of preoperative and

TABLE 2. CAUSE OF VOCAL CORD PARALYSIS OR
PARESIS IN PATIENTS UNDERGOING SECONDARY

SILASTIC MEDIALIZATION WITH OR
WITHOUT ARYTENOID ADDUCTION

Cause No.

Unilateral paresis
Laryngitis
Idiopathic

Unilateral paralysis
Skull base surgery 10
Chest surgery 10
Chest neoplasm 8
Trauma 4
Recurrent laryngeal nerve avulsion for spastic

dysphonia 4

Thyroid surgery 4

Other neck surgery 3
Neck cancer 2

Laryngeal surgery 2

Idiopathic 6
Unknown 2

postoperative voice samples were recorded on a

computer disk. The preoperative and postoperative
voice samples of each patient were randomly pre
sented so that the listener was blinded as to whether
samples were preoperative or postoperative. The
samples were then played in pairs to each of 5 voice
listeners. The listeners assigned a value (1 to 50) to
the "desirability" of voice quality. Eighteen patients
with good-quality preoperative and postoperative
tapes were selected from this group. Sixteen of these
patients were judged to have a better postoperative
voice, while 2 werejudged to have abetterpreoperative
voice. The summary ofthe scores of the 5 judges are

shown in Fig to. A score of 40 or above was judged
to show a near-normal or normal voice. This graph
demonstrates a significant sustained improvement in
a majority of the patients. The correlation between
the scores of the 5 judges was very close on most

patients, lending a greater validity to the accuracy of
the voice score.

Bilateral Silastic Medialization. Eleven patients
underwent bilateral SM for glottal incompetence.
This incompetence was most often manifested in the
patient by a weak, breathy voice along with mild
aspiration. The disorders that resulted in this condi
tion are listed in Table,3. There have been no compli
cations in this group. One of the earlier patients
developed mild stridor on the first postoperative
morning due to bilateral vocal cord edema with slight
unilateral intracordal bleeding. After treatment with
intravenous steroids and observation, he was asymp
tomatic within 48 hours. Only 1 of the 11 patients has
undergone a revision, with a larger implant placed on

1 side only.
The 6 patients who underwent surgery for pres

bylaryngis were all improved, with increased volume
and projection, as well as improvement in deglutition
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Fig 10. Summary voice scores for preoperative
and postoperative voice in 18 patients who under
went unilateral secondary Silastic medialization
demonstrate voice improvement in 16 of 18 pa
tients. Voices were rated from 1 to 50 on basis of
quality of communication and voice desirability.
Scores above 40 were given for normal or near

normal voice.
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with decreased aspiration. There were 5 men and 1
woman in this group, with an average of71 years. The
remaining 5 patients, 3 women and 2 men with a

mean age of 35 years, were the least improved group
in this series.

The configuration in all of these larynges demon
strated bowing of the vocal cords, greater in the
posterior third than the anterior aspect of the glottal
opening. Moderate improvement with decrease in
breathiness was seen in 2 patients, who presented,
respectively, with a history of strangulation and se

vere upper respiratory tract infection.

Minimal differences were seen in the postopera
tive voice in the remaining 3. The first, who had
suffered a cerebrovascular accident secondary to fat
embolism, presented with a weak whisper voice and
poor articulation. Her examination showed a 2- to 3-
mm open posterior glottic chink. Bilateral implants
2 x 5 x 13 ... 10 failed to close the gap, and minimal
change in voice was noted. She has, however, contin
ued to gain further volume over the first postopera
tive year.

The second patient, a 40-year-old man, presented
with the same laryngeal configuration, along with
slight breathiness in the voice that prevented him
from singing. A testwith bilateral Gelfoam injections
resulted in an excellent, strong voice. Conservative
implants were placed bilaterally, but little improve
ment was seen. He was sent to another center for
collagen injections, which also failed to improve the
voice.

The final patient presented with a 2- to 3-mm gap
between the cords and a spastic, strained quality to
the voice. He had received a diagnosis of spastic
dysphonia; however, on examination his vocal cords
did not touch. We felt that the spastic quality might be
a compensation for his glottal incompetence, and he
underwent bilateral implants of 2 x 5 x 13 ... 13. He
continued to have mild spasticity, but his voice qual
ity improved. In retrospect, larger implants might
have been more helpful in these 5 patients. We were

very conservative at first, for fear the implant would
impair the normal arytenoid movement.

Voice analysis was performed by the panel of
listeners judging the random blinded voice pairs, as

described, for 8 patients in this category. This is
outlined in Fig 11. One of the patients, who had
suffered strangulation, was felt to have a worse voice

postoperatively. Although the patient felt her com

munication and especially swallowing function were

greatly improved, the quality of her voice was quite
variable over time.

DISCUSSION

Many have been the detractors of SM, citing the
ease of injection and long-term record of Teflon and
implying that SM offers no advantage over the use of
Teflon. As we have begun to take a closer look at

Teflon, the problems are more evident. Because most

otolaryngologists lack adequate experience with this
procedure, they doubt that good results can predict
ably be obtained with Teflon injection. It is difficult
to predict the migration of the Teflon during the

injection within the TVC. We are beginning to see,
with. increasing frequency, granuloma formation
within the injected TVC, which is devastating to
voice quality and eventually causes airway compro
mise.

We feel that SM has several significant advantages
over Teflon. First, good-quality voice results are

highly reproducible. Compared to Teflon, the quality
of improvement is more predictable, depending on

the preoperative condition. Second, it is much easier
to train other physicians in its use. It is impossible to
teach someone the correct feel for the injection of
Teflon into the TVC. This must be learned by expe
rience, which is gained at the expense ofpatients until
the technique has been perfected.

Most often, attending physicians in training pro
grams will personally perform their own Teflon
injections, because it is one ofthe few procedures that
if performed wrong is uncorrectable. On the other
hand, the techniques and judgments in SM can be
readily conveyed to a pupil. All the residents leaving
our program are fully trained and comfortable with
this procedure.

The real difference in the two procedures is mainly
due to the third and fourth advantages of SM,
adjustability and reversibility. The adjustability is its
single greatest advantage over Teflon. With a depth
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TABLE 3. CAUSE OF GLOTTAL INCOMPETENCE IN
PATIENTS RECEIVING BILATERAL IMPLANTS

Cause No.

Presbylaryngis
Head injury
Strangulation
Laryngitis
Idiopathic
Total

6

2
11

gauge, the medialization can be simulated prior to

implant placement, allowing for the rapid testing of

multiple positions of cord displacements to acquire
the best voice. If further adjustments are needed after
the implant placement, it can be removed, adjusted,
and replaced as necessary. The reversibility not only
allows for future adjustments for anatomic or func
tional changes that may result in a weaker voice over

time, but also allows for its use in several settings that
are unsuitable for Teflon. First, it is inappropriate to

inject Teflon in patients who have an intact vagal
RLN system who present within the first year of the

paralysis, if there is any chance that, vocal cord
function may return. Ifvocal cord movement returns,
the Teflon would prevent normal function of the

injected cord. An exception to this would be in the
terminally ill patient who might benefit from the

brevity of the procedure for Teflon medialization.
Because of the reversibility of SM, it can be placed
relatively safely within this first year, as the severity
of the symptoms dictate, in the knowledge that re

moval of the implant is possible if function returns.

Second, it can be placed deep to a mobile TVC,
augmenting the adducted TVC position without
significant effect on its motion or vibratory function.

Besides voice improvement, the second major
benefit of cord medialization is improvement in
deglutition with a decrease in aspiration. Even if the
voice was not brought back to its normal premorbid
state, aspiration was universally improved. In 3 pa
tients who had previously suffered a cerebrovascular
accident from either a traumatic head injury or a post
operative complication from a neurosurgical proce
dure, the voice results were disappointing. Although
the projection and the volume that developed were

reasonable, the oropharyngeal incoordination led to
such poor articulation that it 'shadowed the voice
improvement. Aspiration, however, was significantly
improved in all 3.

,

A consistent pattern of voice improvement has
been seen in most patients. The initial voice improve
ment acquired on the operating table rapidly changes
in the recovery room as perioperative edema devel
ops. Although the voice is usually much stronger, it
is raspy for several days to weeks after surgery.
Often, however, the voice quality is quite good within
the first week after surgery. Surprisingly, a second
raspy phase occurs at 4 to 6 weeks after surgery. This
usually subsides, however, within 2 more weeks.

45
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Fig 'II. Results of "desirability rating" are outlined for
preoperative and postoperative voice scores in 7 patients
who underwent bilateral Silastic medialization.

Voice quality continues to improve in some patients
for up to 1 year after surgery. Because of this postop
erative cycle, voice samples recordedbefore 3 months
after the date of surgery may not be representative of
the long-term voice quality. It is important to inform

patients and their family of this postoperative voice

cycle, to prevent disappointment with their voice
results over the first several postoperative months.

There are only 2 relative contraindications to SM.
First, patients who have previously undergone a

vertical hemilaryngectomy often develop a weak,
breathy voice. Teflon injectionhas been recommended
to augment the scarred surgical side to improve
glottal closure. We were consulted to perform a

revision in 1 such patientwho had developed no voice
improvement from SM after a vertical hemilaryngec
tomy. Without the buttress of the thyroid cartilage
there is probably not enough lateral support for the
Silastic implant to hold the scarred band of the larynx
in a medialized position. Thus, placement of an im

plant would only lateralize the cervical soft tissue,
rather than effecting medialization of the scarred side
of the larynx. Second, previous laryngeal irradiation
is a relative contraindication. If the larynx is still soft
and supple, with minimal scarring, then careful sur

gery may be indicated. If the ventricle is violated
during theprocedure, placementofthe implant should
be delayed until mucosal healing has occurred.

The ansa-RLN transfer and SM have been com

pared as mutually exclusive procedures for repair of
unilateral paralysis.!" We, however, perceive the
ansa-RLN transfer and SM not as alternate proce
dures exclusive of each other, but as surgical com

panions, both functioning by different mechanisms
to conjointly return laryngeal function to its normal
state. Even with excellent initial success with SM, if
the laryngeal muscles are denervated, the atrophy of
the muscles may lead to delayed glottal incompe
tence within 1 to 2 years in the postoperative period.
In any patient undergoing SM within the first year of

paralysis, whose vagus nerve or RLN is known to be
sectioned, an ansa-RLN is now performed if sponta
neous reinnervation cannotbe demonstrated by EMG.
After skull base surgery in which the vagus and
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hypoglossal nerves are sacrificed, theposteriorbranch
of the ansa arising from the cervical plexus can be
used for neural anastomosis with the RLN. Since we

have less than 1 year's follow-up on the group of
patients who have undergone nerve transfer, itwill be
several years before we can make significant state
ments based on the results of the procedure.

Primary SM under general anesthesia is a natural

outgrowth of Silastic medialization performed under
local anesthesia. The main reason for initiation of its
use in this fashion was to eliminate the need for
tracheotomy and to decrease the postoperative reha
bilitation phase of patients undergoing loss of mul
tiple cranial nerves at the time of skull base surgery.
It is obvious that immediate glottal competence in the
early postoperative period will allow for better pul
monary protection,with earlier swallowing rehabili
tation. This immediate glottal competence also de
creases the need for tracheotomy in most skull base
procedures in which the pharynx has been denervated
and not surgically altered. Tracheotomy, which is
often performed. in this situation for airway protec
tion, causes significant problems in deglutition sec

ondary to laryngotracheal fixation to the skin and
reflex TVC hypomotility secondary to the decrease
in laryngeal airflow. Thus, the combination of imme
diate glottal closure from the primary implant and the
prevention of the complications caused by trache
otomy significantly improves the postoperativereha
bilitation effort.

A conservative approach was taken initially with
primary SM. The first implants were made small for
fear of causing airway obstruction. The laryngeal
edema that develops from intubation over a 12-hour

period added further concern to the potential for
airway compromise. However, in time, with no post
operative obstruction due to the implants, they have
been enlarged to the same size as secondary implants
placed for the same laryngeal configuration. One
patient, who was very short and heavy, developed
peripheral edema over her l l-hour procedure. She
was left intubated for 4 days until the edema subsided
and then was extubated; no airway complications
were noted postextubation. Prior to primary SM, a

preoperative computed tomography scan can aid in

identifying thyroid cartilage anatomy and help to

predict implant size. In patients with a more obtuse
larynx, most often women, the implant is approxi
mately 2 x 5 x 15 ... 10 mm. In the more acute-angled
larynx, most often seen in men, the window is placed
further back, as previously described. The average
size of the the implant is 2 x 6 x 18 ... 13 mm. The
initial postoperative voice, although strong, is usu

ally hoarse for several weeks. We continue to see

voice improvement for up to 1 year after all of these

procedures. Of the 6 revisions performed in this

group, 4 were to enlarge some of the earlier small

implants. The usefulness of AA in conjunction with
these patients will be discussed later.

The degree of improvement of voice quality has
not been as consistent in patients presenting with

presbylaryngis orbilateralbowing ofdifferentcauses.

Even though the results were not as good as we had

hoped, the presbylaryngis patients were quite satis
fied with the voice improvement. The major pre
operative complaint in this patient group was the

inability to communicate well over the telephone or

in any public setting with background noise. All

patients reported a significant improvement in their
communication skills. The second most frequentcom

plaint, mild aspiration, was significantly improved
also. This was judged from the patients' history only,
with no preoperative or postoperative swallowing
tests. Earlier in the series, undersize implants were

placed for fear of interfering with arytenoid move

ment. These early patients have not developed as

much volume as the later patients. One of the earlier

patients underwent a revision replacing one of his

original implants,which was 2 x 4.5 x 13 ... 13 mm,
with a new implant that was 2 x 7 x 15 ... 13 mm. This
resulted in moderate voice improvement. He may
undergo replacement of the opposite, smaller implant
in the future. The posterior slope of the implant is
designed so that there is no interference with the

rocking motion of the arytenoid in and out of the

larynx. A man with a large larynx underwentbilateral

implants that were 2 x 6.5 x 15 ... 13 mm, with no

alteration of arytenoid function. When the larynx is
viewed postoperatively in the fully abducted posi
tion, one can appreciate the mild decrease in glottal
opening secondary to the implant. This decrease,
however, is not symptomatic in the geriatric popula
tion in which presbylaryngis develops.

A review of the other 5 patients presenting with
bilateral bowing not secondary to presbylaryngis is
less encouraging. Although initial improvements were

minimal in the patients who presented with strangu
lation and paresis secondary to a severe upper respi
ratory tract infection, both have shown further im

provement over the course of2 years. It is difficult to
know whether this improvement should be credited
to the implants or to a slow resolution of the under
lying problem. A posterior glottal opening of 3 mm

was initially seen in a 30-year-old patient who had

undergone a stroke secondary to fat embolism. This
posterior glottic gap is probably secondary to incom
plete adduction of the vocal processes of the aryte
noid. These are difficult to medialize without inter
ference with the arytenoid function. Medializing the

paraglottic tissue failed to improve this patient or the
two middle-aged patients who presented with idio
pathic TVC bowing. Oropharyngeal discoordination
and articulation problems, often seen after head in

jury or stroke, further obscure any improvement in
voice that is acquired from the implant. Although we

were initially discouraged with the results in this

group, the numbers are far too small to draw any
conclusions.



136 Netterville et al, Silastic Medialization & Arytenoid Adduction

The choice to use AA is not as clear-cut as that of
SM. In theory, AA would add tension and help bring
the vocal cord into a more physiologically correct

phonating position. However, the complex interac
tion of the intralaryngeal muscles, which results in
adduction of the arytenoids, is impossible to simulate
with a single suture pulling forward on the muscular
process. Our experience with 14 patients undergoing
AA alone or in conjunction with SM is again too
limited to draw more than early inferences. The
recommended indications for AA are 1) a very wide
glottal chink in which the vocal processes do not
come into contact during phonation and 2) a differ
ence in the level of the TVCs during phonation.
Certainly, AA is useful in closing a wide glottic gap,
but it is not always necessary. We use AA only after
the intraoperative evaluation demonstrates incom
plete closure of the larynx with SM. In several pa
tients in whom the adjunctive use of AA was antici
pated, the Silastic implant alone, with its posterior
extension, was able to medialize the posterior com

missure very well. If the posterior commissure is still
open after SM has been performed, we progress to
AA.

In Isshiki' s original description, the joint capsule
of the cricoarytenoid joint was opened prior to the
AA. We routinely performed this in our earlier cases.

Although the initial voice result was good, the post
operative video demonstrated overmedialization of

the vocal process, which may represent subluxation
of the arytenoid into the larynx. In spite ofcontinued
good vocal projection, all these patients have devel
oped raspiness of the voice. The joint capsule was

opened in only 1 of the more recent 10 patients. Joint
fixation in this patient necessitated drilling open the
joint with a microcutting bur in order to accomplish
adduction. This patient's voice never returned to

normal, but significant improvements occurred in the
form of increased volume and decreased aspiration.
None of the remaining 9 patients have developed
raspiness at this time. In this group the average
follow-up is 16 months. Arytenoid adduction is an

excellent addition to SM for selected patients. Long
term follow-up with voice analysis will be necessary
to indicate its real usefulness.

SUMMARY

After this complete review ofour first 100 patients
undergoing SM and/or AA, we are very encouraged
with the improvements in communication derived
from these two procedures. The addition of ansa

RLN transfer, when indicated, may prevent muscle
atrophy and further sustain the initial voice improve
ment. These procedures, however, are still in their
infancy in regard to development. There is still much
to be learned from long-term follow-up of these
patients in a multicenter cooperative effort to com

pare results, performed as the surgical techniques
continue to improve.
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ENDOSCOPIC LASER MEDIAL ARYTENOIDECTOMY FOR
AIRWAY MANAGEMENT IN BILATERAL LARYNGEAL PARALYSIS

ROGER L. CRUMLEY, MD

ORANGE, CALIFORNIA

A review ofour recent experience in patients with bilateral laryngeal paralysis is described. While we continue to use phrenic nerve

transfers in patients with mobile arytenoids, patients with fixed arytenoids generally require some sort ofvocal cord lateralization, either

by arytenoidectomy and arytenoidopexy or by partial vocal cord resection. The endoscopic laser medial arytenoidectomy is a convenient
and effective method for opening the posterior glottic airway. One arytenoid is reduced medially with the carbon dioxide laser. After
about 3 months the opposite arytenoid can be treated similarly, ifnecessary. The procedure does not appear to affect arytenoid mobility,
as the posterior commissure mucosa and underlying interarytenoid muscle are protected and hence unaffected by the procedure. Those

patients with at least one mobile arytenoid cartilage are candidates for posterior cricoarytenoid muscle reinnervation. Although ansa

cervicalis and phrenic nerve techniques have been described, the author has concentrated efforts on the phrenic nerve. This report
describes the endoscopic laser medial arytenoidectomy procedure, while the phrenic nerve patients will be reported in a subsequent
manuscript.

KEY WORDS - airway, endoscopic laser medial arytenoidectomy, laryngeal paralysis.

INTRODUCTION

Surgeons have long sought techniques for safely
widening the glottic airway in patients with bilateral
vocal cord immobility andlor paralysis without de

tracting from vocal quality andlor causing aspiration.
Over the years a variety of arytenoidectomy proce
dures have been described, and one or more of these
have been the gold standard for many years. In the

past decade the carbon dioxide (C02) laserendoscopic
arytenoidectomy has become perhaps the most com

monly used method for lateralizing the arytenoid
cartilage and the vocal cord in patients with bilateral

paralysis or posterior glottic stenosis.

Ossoff et all described a series of 28 patients
managed by eight different surgeons using the C02
laser to perform arytenoidectomy. Their technique
resulted in complete ablation of the arytenoid carti

lage, including both vocal and muscular processes. In
addition to arytenoidectomy, their technique utilized
an additional laser cut anterior to the vocal process
that resulted in separation of the middle third of the
cord, and the arytenoid region. This creates a triangu
lated posterior airway that allows for increased pos
terior glottic airflow. Their patients reported only a

"small amount of vocal loss," which the authors
attributed to the minimallateralization of the mem

branous vocal cord. They stressed the heat sensitivity
of the posterior commissural tissues, and felt that
failure of the procedure to relieve airway obstruction
in one case was due to intraoperative thermal injury

to these posterior commissural soft tissues medial to

the arytenoid cartilage, with subsequent scar medial
ization of the remaining soft tissue of the posterior
vocal cord.

Lim-discussed 10 patients treated withendoscopic
C02 laser arytenoidectomy, using a technique simi
lar to that described by Ossoff et al.! Most of these

patients had glottic stenosis, not vocal cord paralysis.
Nonetheless, they reported that all patients had suc

cessful return ofairway, voice, and swallowing func
tion. Vocal quality was described as fair in 5 patients,
and good in the other 5.

El Chazly et aP described 12 patients with bilat
eral fixed vocal cords in whom tracheotomy decannu
lation was accomplished in all following endoscopic
arytenoidectomy. Vocal quality was not assessed. In
the German literature, Eckel4 reported similar results
in 15 cases, with 14 of the patients experiencing a

satisfactory respiratory result. An innovation, gluing
a mucosal flap into the endolaryngeal wound at the
conclusion of the procedure, was included in Eckel's

report.
Danish surgeons Greisen andNabe-Nielsen- found

endoscopic arytenoidectomy effective, as 23 of the
28 patients in their report were able to undergo
tracheotomy decannulation; phonatory quality was

not discussed.

Poch Broto et al6 compared results of endoscopic
laser arytenoidectomy with nonlaser arytenoidopexy
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and cordopexy in 14 patients with bilateral laryngeal
paralysis. They concluded that the laser procedure
yielded better respiratory and phonatory results than
nonlaserprocedures; however, phonatory quality was

not critically assessed in this report.

The Finnish surgeon Rinne7 discussed late results
of laterofixation in treatment of bilateral vocal cord

paralysis. In his series of 34 patients with bilateral
vocal cord abductorparalysis, Woodman arytenoido
pexy was performed in 31 patients. Thirteen of these
34 patients needed further surgery. Two of the 3
patients treated with endoscopic arytenoidectomy
had successful outcomes. He concluded that from the
initial failure rate of 22% with the Woodman proce
dure, twice as many patients had failed (44%) when

long-term follow-up was reported, and acknowl

edged the trend toward endoscopic laser arytenoidec
tomy.

Each of these prior authors has described using
endoscopic C02 laser arytenoidectomy to enlarge the

glottic airway in patients with either "glottic stenosis"
or bilateral vocal cord paralysis. The goal of the

procedure was in most instances tracheotomy decan

nulation. This goal was achieved in most cases de
scribed, indicating that the endoscopic approach to

arytenoidectomy has been improved by usage of the
laser, since the original Thornell endoscopic aryte
noidectomy was somewhat less successful at achiev

ing decannulation in tracheotomized patients.

Only the paper by Ossoff et al,' however, de
scribed in any detail the quality of voice achieved.
Since it has long been accepted that any complete
arytenoidectomy (particularly if there was any vocal
cord lateralization [pexy], or injury to the vocal cord
substance) is routinely associated with a postopera
tive poor phonatory result, it has been assumed that

complete laser arytenoidectomy would also result
in an unsatisfactory phonatory voice. The "small
amount" of phonatory loss described in the Ossoff
report is encouraging, since the ultimate ideal goal of

any procedure for laryngeal paralysis must be normal
vocal quality and function, with normal swallowing
and airway function of the larynx. However, pa
tients of Ossoff et al with complete endoscopic ary
tenoidectomy had moderate to severe reductions in

phonatory quality.
The literature cited, above largely deals with pa

tients with severe glottic airway obstruction second

ary to bilateral laryngeal paralysis and/or glottic
stenosis. It seems clear from these reports that in such
severe laryngeal impairment, a complete or near

complete arytenoidectomy is necessary. However,
there are many other patients who, despite demon-

strable airway compromise, steadfastly refuse trache

otomy. Other patients have undergone tracheotomy,
but have been decannulated and left with marginal
glottic airways. Many if not most of these latter

patients are particularly desirous of improving their

airway, yet refuse total arytenoidectomy when ad
vised that there will be some diminution in phonatory
quality. This group of patients with glottic airway
impairment seek small increments of airway en

hancement, but as they are often active in business
and social life, they refuse complete arytenoidectomy
as is described by Ossoff et al.!

It was this group of patients that prompted the
author to seek a procedure that would improve the

airway with little or no loss of laryngeal phonatory
function. Reflecting on the posterior third of the

glottis as the "respiratory glottis," and the anterior
two thirds of the glottis as the "phonatory glottis," I
reasoned that the posterior glottis could be widened

by removing only the medial portion of the arytenoid
body, and if the muscular and ligamentous attach
ments of the arytenoid were left unharmed by the

procedure, the vocal process and hence the membra
nous vocal cord anteriorly would remain intact and in
the anatomic position.

Since increased airflow would be expected not

only during inspiration, but .also during glottic clo
sure (Valsalva, coughing, phonation), the effects of

increasing the diameter ofthe respiratory glottis were

difficult to predict. However, after observing in sev

eral female patients a rather large posterior glottic
gap during otherwise normal phonation, it was de
cided that this posterior phonatory airflow between
the arytenoids would not necessarily affect the voice

adversely.
Since the membranous anterior glottis from the

vocal process to the anterior commissure is more

important to phonation than to the airway, the author
felt that it might be possible to enlarge the posterior
airway by partially resecting the medial portion of the

arytenoid, without affecting in any way the membra
nous vocal cord from the vocal process to the anterior
commissure (Figs 1 and 2).

MATERIALS AND METHODS

Eight patients underwent endoscopic laser medial

arytenoidectomy (ELMA). Two were stridorous, with
various degrees of glottic airway obstruction, but
were not tracheotomized, while the other six had

indwelling tracheotomies at the time of the ELMA

procedure. All patients requested airway enhance
ment, but expressed strongly that they wanted no loss
of existing vocal quality. Intrinsic muscular diseases
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Thyroarytenoid m.

carti lage

Fig 1. Axial section oflarynx.atglottis. Note thatphonatory
portion of glottis extends from vocal process to anterior
commissure. Normal phonation requires symmetric vocal
ligaments and muscles, and intact vocal process of aryte
noid. Respiratory glottis extends from vocal process to

posterior commissure.

were present in two patients, one of whom had acral
muscle wasting, and bilateral abductor paralysis. The
other six patients had as etiologic factors for their

paralyses thyroidectomy (four) and long-term idio

pathic paralysis (two).
Those patients with tracheotomies were treated

with foil-wrapped or otherwise laser-protected tra

cheotomy tubes in place, while the two nontrache
otomizedpatients underwentELMA with endoscopic
laser protector instruments, with ventilation via a

supraglottic Venturi jet, placed either though one

light port in a Pilling laryngoscope, or secured to the
side of a Lindholm laryngoscope. The C02 laser was

used with a setting offrom 10 to 20 W, with a spot size
of 0.8 mm. I would prefer a smaller spot size for this

procedure, but it was not available to me during the
treatment period for these patients. Generally, I have
used the pulse mode to avoid heat injury of adjacent
laryngeal tissues, although occasionally it is possible
to use the continuous mode for the initial (superior)
portions of the medial arytenoidectomy with relative

safety.
The mucosa overlying the superior and medial

portions of the arytenoid is first vaporized. Then the

cartilage of the arytenoid body posterior to the vocal

process is slowly "shaved" with the laser, with care

taken to protect the posterior commissure soft tissues
with endoscopic instruments, strips of foil, or saline
soaked 1/2-in cottonoid patties (Figs 1 and 2). Using
a small-bore laryngeal suction tip, it is. possible to

accurately palpate and "map" the posterior medial
corner of the arytenoid and the vocal process, and
then to saucerize a concavity in the body of the

arytenoid between these two points. Care must be
taken not to produce laser injury inferior to the ary
tenoid cartilage, since this might produce cricoary
tenoid joint injury, with subsequent fusion of the

arytenoid to the cricoid, or further medialization
of the arytenoid body secondary to soft tissue scar.
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Fig 2. Endoscopic laser medial arytenoidectomy. Con

cavity is created along glottic edge of body of arytenoid
cartilage. Vocal process and posterior commissure must
be left intact and unharmed. Full superior-inferior dimen
sion of arytenoid must be vaporized.

Hence, the goal oftheELMA procedure is an ispilateral
concavity in the arytenoid body, which results in a

semilunar concavity in the ipsilateral posterior glot
tic airway. The raw surface created in the arytenoid
subsequently is covered with a thin regenerated epi
thelium, and the airway is generally improved by 1 or

2 mm on each side treated. Ten milligrams of intrave
nous dexamethasone was given intraoperatively in
each case to diminish postoperative edema. A cepha
losporin antibiotic was prescribed for 10 days post
operatively as well.

After a 3-month period, the procedure is repeated
on the opposite side, if necessary to procure a more

satisfactory airway. Since the vocal process and the
remainder of the arytenoid cartilage, muscular pro
cess, and cricoarytenoid muscles are left intact, there
is little or no effect of the procedure on the membra
nous vocal cord, unlike the other endoscopic aryte
noidectomy procedures previously described.

One of my eight patients had undergone prior
laryngeal reinnervation, and was thought to have

arytenoid medialization secondary to synkinetic mus

cular imbalance between the lateral cricoarytenoid
and posterior cricoarytenoid muscles. Her airway
was improvedby ELMA, but she subsequently sought
additional airway relief. Five units of botulinum
toxin (Oculinum) was injected into the lateral crico

arytenoid muscle by an electromyographic monitor

ing technique similar to that used in my spasmodic
dysphonia patients. Airway improvement occurred
in approximately 24 hours and was due to lateraliza
tion of the vocal cord and arytenoid. (Subsequently,
however, she required a tracheotomy after develop
ing laryngeal edema during a course of radioactive
iodine therapy.)

Of the two patients with laryngeal airway impair-
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ment but without tracheotomies, phonatory voices
were preserved and the airway was enhanced. Both

patients indicated clearly that exercise tolerance was

increased, and stridor decreased. Of the six tracheot
omized patients, two were decannulated, one after
bilateral ELMA procedures, and the other after only
one procedure. The other four tracheotomized pa
tients are awaiting a contralateral ELMA procedure
(two) or have decided against further surgery (two).

DISCUSSION

Endoscopic laser medial arytenoidectomy appears
to have a role in management of the compromised
glottic airway, particularly in those patients with a

marginal airway and no tracheotomy. In this group,
the procedure offers a comparatively simple, quick,
yet effective method for enhancing glottic airflow,
apparently with little diminution of vocal quality.
After enlarging the posterior glottic airway by 1 to 2
mm with one procedure, the operated arytenoid is
allowed to reepithelialize. The procedure may then
be performed on the opposite side as

.

necessary.
Although only one of my patients has had the proce
dure performed bilaterally, it is my opinion that

approximately 3 mm of airway enhancement may be
achieved by bilateral ELMA (1.5 mm per side) with
little effect on membranous vocal cord position,
structure, or closure.

It is, ofcourse, possible that if too much arytenoid
cartilage is resected bilaterally, aspiration could be
induced. Hence, it seems cogent to laser only a

conservative portion of the arytenoid whenever a

second (contralateral) procedure is undertaken. How
ever, since the literature does not indicate aspiration
to be a problem when one entire arytenoid is resected,
it seems unlikely that conservative bilateral medial

vaporization of 1 to 3 mm of arytenoid cartilage
would risk significant aspiration.

It remains to be seen whether ELMA will prove
effective in only one procedure in tracheotomized

patients who desire tracheotomy decannulation. Theo

retically, a bilateral ELMA might' yield a more nor

mal phonatory voice than a complete unilateral ary-

tenoidectomy. However, in the current era of cost

containment, twoprocedures are rarely thought of (at
least by third-party payors) as better than one proce
dure. Patients with bilateral ELMA procedures, and

complete endoscopic Iaser arytenoidectomy should
be studied in voice laboratories so that in future

reports data will be objective enough to compare to

other surgeons' data. However, in this initial series of

patients, phonatory and pulmonary studies were not

routinely completed in all patients; hence, the objec
tive laboratory. data to prove my hypotheses are

lacking. I am currently evaluating all new candidates
for the procedure with a full battery of phonatory
evaluations such as jitter, shimmer, harmonics-to
noise ratio, and speech airflow, as well as flow
volume loop studies.

However, the sequential nature of enlarging the

glottic airway 1 or 2 mm at a time appears desirable,
since vocal function seems to be betterpreserved than
with complete unilateral laser arytenoidectomy. Pro

gressive enlargement of the posterior glottis would
be expected (at some end point) to allow enough
leakage of subglottic pressure between the resected

arytenoids as to interfere with building of subglottic
pressure (during phonation), necessary to entrain the
vocal cords for normal phonatory function. However,
it will entail further use of the procedure to delineate

exactly how much of each arytenoid can or should be
resected to achieve balance between glottic airflow

during inspiration, and a sufficiently small interary
tenoid gap to allow for subglottic pressure develop
ment immediately preceding and during phonation.

I have not used this procedure in previously irradi
ated patients. This would not seem prudent, since the
irradiated cartilage mightbe prone to infection and/or
cartilage necrosis. If a mucosal flap were created and

reapplied to the resected arytenoid concavity, the

procedure might be potentially safe enough for use in
irradiated patients (M. Rontal, personal communica
tion, 1992).

There were no complications in these eight pa
tients, although one patient required subsequent tra

cheotomy shortly after receiving radioactive iodine.
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EFFECT OF BLOOD TRANSFUSION ON RECURRENCE OF
HEAD AND NECK CARCINOMA

RETROSPECTIVE REVIEW AND META-ANALYSIS
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To study the effect of transfusion on recurrence of squamous cell carcinoma of the head and neck, we analyzed the records of 143

patients with stage II through IV squamous cell carcinoma of the supraglottic larynx or hypopharynx for whom follow-up to recurrence

or 5 years after surgical therapy was available. Variables studied were age, gender, TNM staging, duration ofoperation, estimated blood
loss, units of blood products transfused, surgical margins, number of pathologic nodes, radiotherapy, chemotherapy, hematocrit, and
serum albumin. Multivariate logistic regression demonstrated that transfusion, number ofpathologic nodes, and preoperative hematocrit
were significantly related to recurrence. The univariate odds ratio for tumor recurrence in patients receiving any blood products was 3.2

(95% confidence interval 1.5 to 6.9; p = .004). Based on a meta-analysis of the data from this study and the five published studies, the
combined odds ratio for recurrence after transfusion was 2.6 (95% confidence interval 1.9 to 3.7; p < .00(1). These data identify a

clinically important adverse effect of transfusion ofblood products on tumor recurrence in patients with advanced head and neck cancer.

We recommend a policy of blood conservation surgery to enhance cancer control, and we encourage further research to clarify the

mechanism(s) of this effect.

KEY WORDS - blood transfusion, head and neck carcinoma.

INTRODUCTION

The scope of modem surgery has been expanded
by a large number of technical developments, among
them the use ofheterologous blood products. Modem
blood tank techniques have reduced the risk of trans

fusion reaction and of transmission of hepatitis and
human immunodeficiency viruses. However, in pa
tients with systemic neoplastic disease, ie, regional
metastasis or distant micrometastasis, concern has
arisen regarding the possible effect of transfusion on

the immune system.

The immunosuppressive effects of blood transfu
sions were noted as early as 1973, when renal al

lograft survival was found to be substantially im

proved in patients who had received prior blood
transfusions. 1 This effect was thought to be second

ary to immunosuppression induced by exposure to

antigens expressed by the transfused white blood
cells, either by production of suppressor cells or by
graft-versus-host response. The effects of immuno

suppression on malignancy are also well known:
immunodeficient and immunosuppressed patients
show a greater incidence of malignancy.2-6

In 1982 Francis and Shenton" noted that allogeneic
blood transfusion enhanced tumor growth in rats.
Burrows and Tartter'' reported an increased rate of

recurrent colon cancer in patients who had received
blood transfusions. Since then, several reports7-14
have demonstrated a relationship between periopera
tive blood transfusion and recurrence ofsolid tumors.

However, this effect has not been consistent for all
tumor types or sites.15,16 In the head and neck, three

retrospective studies have reported an adverse ef

fect,17-19 and two20,21 have shown no effect of blood
transfusions on cancer recurrence. The variability of

study design and material among these reports
prompted us to review our own cases and conduct a

meta-analysis of the reported data.

MATERIALS AND METHODS

The records of all patients treated surgically for
carcinoma of the supraglottis or hypopharynx at

Barnes Hospital, St Louis, Mo, from 1975 to 1984
were requested, and the 224 records obtained were

reviewed. Excluded were patients with stage I tu

mors, second primaries, distant metastases, or less
than 5 years ofdisease-free follow-up. The remaining
143 cases of stage II through IV carcinoma of the

supraglottis (N = 85) orhypopharynx (N = 58) consti
tute the study group. The list of patients was gener
ated from the Head and Neck Tumor Registry of the

Department of Otolaryngology. The original records
were reviewed to ensure uniformity ofstaging accord-
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TABLE 1. MEAN VALVES AND RANGES FOR 12 VARIABLES ACROSS RECURRENT AND NONRECURRENT GROUPS

No Recurrence (N = 77) Recurrence (N = 66)
Variable Mean SD Range Mean SD Range p*
Age in years _

59.3 9.1 39-75 59.8 9.5 35-81 .743

Proportion of men 0.74 0.82 265
T stage 2.71 76 1-4 2.78 0.85 1-4 .583
N stage 0.52 0.79 0-3 0.92 0.97 0-3 .009

Stage group 3.17 0.79 2-4 3.05 0.72 2-4 .367

Preop hematocrit (%) 43.0 3.8 32-51 41.0 3.6 32-48 .003
No. of positive nodes in surgical specimen 0.69 1.2 0-6 1.7 2.4 0-9 .005

Proportion of patients with histologically positive
0.28 .270surgical margins 0.21

Length of operation (h) 5.3 1.7 2.8-11.7 5.9 1.6 2.8-10.0 .064
Estimated blood loss at operation (mL) 744 493 175-2,500 960 554 150-3,200 .020
Units of blood products 1.3 1.6 0-7 2.5 1.9 0-9 .0001

Proportion of patients with preop or postop irradiationO.91 0.94 .498

*p value of t statistic as determined by univariate logistic regression.

ing to the 1988 American Joint Committee on Can
cer.22 The study was limited to tumors from two

adjacent sites to minimize site-related variations in
tumorbehavior or therapy. Exclusion ofpatients with

stage I cancer was justified by the different treatment

policies for these cases, which have a much better

prognosis than more advanced disease.

The following variables were recorded. Patient
variables were age, gender, serum albumin, and

preoperative hematocrit. The TNM parameters used
were T, N, and tumor stage; these were based on

staging endoscopic descriptions. Estimated blood
loss and duration of surgery were the operative data.
Operativeprocedures were supraglottic laryngectomy,
total laryngectomy , orpartial laryngopharyngectomy;
neck dissection was done in two thirds of the cases.

Radiotherapy, either preoperative or postoperative,
and chemotherapy were noted. Transfusion data in
cluded units of packed red blood cells and units of
whole blood administered within 2 weeks of the
surgical procedure. Because many patients received
both whole blood and packed red blood cells, blood
products were combined into a single variable. His
tologic variables were number of positive nodes and
margin status. Serum albumin was normal in all cases

but one and was not considered further, Chemother
apy was also excluded from analysis because only
three patients were treated, one preoperatively and
two postoperatively. Surgical procedures were not

analyzed separately.
Univariate analyses were performed with each of

the 12 remaining parameters used as an independent
variable, with recurrence within 5 years as the depen
dent variable. The x.z test was used for categoric
terms, and logistic regression was employed for
continuous variables. Those variables from the signif
icant univariate analyses were subsequently entered
into, stepwise multivariate logistic regression analy-

sese This allowed for identification ofcovariation, as

well as the influence ofeach variable on the associa
tion of the other variables with recurrence rate. Cox
regressions were also done, but are not reported
because the results were virtually identical to the

logistic analyses and because recurrence within 5

years, not time to recurrence, was the principal factor
of interest in this report. Analyses using survival,
rather than tumor recurrence, were also conducted
but not reported because, in general, the results par
alleled the recurrence end points, and because suc

cessful secondary therapy might obscure the earlier
treatment failure.

Meta-analysis involved two separate sets ofcalcu
lations. For each study in the meta-analysis the indi
vidual odds ratio, 95% confidence intervals (CIs),
and significance tests were obtained from logistic
regressions of the data from the 2 x 2 tables of num

ber of patients with recurrences and number of pa
tients receiving blood products. In the second step an

overall odds ratio was determinedby using the present
study combined with the five published studies.17-21
This was based on the standard Mantel-Haenszef-'
approach to combining 2 x 2 contingency tables,
each of which is generated from a different study.
Assume that a given study enrolls N patients, n of
whom receive a transfusion, and r of whom have a

recurrence of their disease. For each study, the Man
tel-Haenszel procedure compares 0, the observed
number of recurrences among transfused patients,
with E = nr/N, the expected number of recurrences

among transfused patients. Assuming that the null
hypothesis of no effect of the transfusion is correct,
the difference 0 - E will differ randomly from zero

and will have variance given by Var = E( 1 - nlNO)(N
- r)/(N - 1). If Sumdiff is the sum of the differences
0- E over all studies, and ifSumvar is the sum of the
variances of these differences over all studies, it
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TABLE 2. MEAN VALVES, ODDS RATIOS, 95%
CONFIDENCE INTERVAL, AND SIGNIFICANCE

LEVELS OF SIGNIFICANT VARIABLES IDENTIFIED
BY STEPWISE LOGISTIC REGRESSION AS

PREDICfING TUMOR RECURRENCE

Beta
Variable Mean Coefficient SD I!. OR (95% Cl)
Units of 1.9 0.311 0.118 .009 1.36

blood (1.08-1.72)
No. of 1.1 0.265 0.111 .009 1.30

nodes (1.04-1.62)
Preop 42.0 -0.133 0.053 .014 0.88

hematocrit (0.79-0.97)
OR - odds ratios, CI - confidence interval.

follows that an estimate of the combined odds ratio is
given by Odds Ratio = exp[(Sumdiff - O.5)/Sumvar].
Also, SE, the standard error of the summed differ
ences, is the square root of Sumvar, so that 95%
confidence bounds on the combined odds ratio are

given by exp[(Sumdiff - O.5)/Sumvar ± 1.96/SE].
To estimate bias from unpublished studies we

determined the number of studies of similar sample
size with an odds ratio of 1 that would be necessary
to reduce the overall odds ratio of this meta-analysis
to the level at which the 95% CI was less than 1. All
published studies of the effect of transfusion on head
and neck cancer were included. To our knowledge
there are no unpublished studies.

RESULTS

The average age was 60 years, with a range of 35
to 81. One hundred eleven patients (77%) were male.
There were 34 stage II tumors (24%), 60 stage ill
(42%), and 49 stage IV (34%). Overall, 99 patients
(69%) received blood products; 66 patients (46%)
had local or regional recurrence or distant metastases.
The recurrence rate was 41 % for the supraglottic
cases and 53% for the hypopharyngeal cases; this
difference was not significant (X? = 2.09, p = .148).
The recurrence rate was 54% in the 99 transfused
cases versus 27% of 44 nontransfused cases. The
odds ratio for recurrence in the transfused cases was

3.2 (95% CI 1.5 to 6.9; p = .004).
The mean scores and ranges of the 12 independent

variables by transfusion status are displayed in Table
1. Five variables were statistically significant single
predictors of recurrence: preoperative hematocrit,
number of units of blood products, number of meta
static nodes proven by histologic examination, blood
loss, and clinical node (N) status.

These five variables were entered into a stepwise
multivariate logistic regression. Estimated blood loss
and N status were no longer significant and were

removed from the model. Blood loss appeared to

covary with units transfused, and N status covaried
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Fig 1. Actual recurrence rate is displayed for each level of
transfusion. Total units ofblood products includes whole
blood and packed cell transfusions. Two patients who
received more than 6 units of blood products are grouped
with the three who received 6 units. Number ofpatients for
each level of transfusion is 0 units, 44 patients; 1,24; 2, 34;
3, 12; 4, 17; 5, 7; and 6+, 5. Note substantial difference
between those receiving 0 to 2 units and those receiving 3
units or more.

with the number of metastatic nodes. The final mul
tivariate model identified numberofunits transfused,
number of positive nodes, and preoperative hemat
ocrit as significant predictors of recurrence. Table 2
indicates the magnitude and significance of those
associations.

The dose relation between units transfused and
crude recurrence rate is displayed in Fig 1. Recur
rence rate increases markedly between 2 and 3 units,
and remains fairly steady beyond that level. There
was also a greater rate of recurrence with increasing
numbers ofmetastatic nodes, with a notable increase
in rate between two and three positive nodes (Fig 2).

The results of the meta-analysis of the effect of
blood transfusion on tumor recurrence are displayed
in Table 317-21,23 and Fig 3.17-21 The overall odds ratio
for recurrence was 2.65 (95% CI 1.88 to 3.72; p <

.00(1). Twenty-five negative studies of comparable
size and design with an odds ratio of 1 were found to
be necessary to reduce the combined odds ratio to the
level at which the lower bound ofthe 95% CI was less
than 1.

DISCUSSION

The design of the current study permitted multi
variate analysis of the major known determinants of
cancer recurrence. Squamous carcinoma of the

supraglottic larynx and hypopharynx is associated
with moderate differences in survival between the
two sites, even though patterns of recurrence are

similar. The two sites are related anatomically, and a
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Fig 2. Actual recurrence rate is displayed for each level of
number of metastatic nodes identified in surgical speci
men. Eighty-one patients were NO histologically or did not

have neck dissection; 28 had one node; 10 had two; 8 had
three; 5 had four; 3 had five; and 8 had six or more nodes.
Note marked difference between those patients with no

nodes or one or two nodes and those with three or more.

tumor at one site frequently involves the other and
vice versa. Indeed, many tumors involved both sites.
These similarities helped reduce treatment variations
to a minimum. All operations were done by otolaryn
gologists trained under the same philosophy and

using the same technical approach.
Cancer control is a complex process that depends

on three groups ofclinical factors: patient, tumor, and
treatment. In this study, an important variable from
each group was identified as a factor for tumor

recurrence. The chief patient factor was abnormal

preoperative hematocrit. The most important tumor

factor was the number ofmetastatic nodes, with three
or more nodes as a critical level. The most important
treatment factor was units ofblood transfused, with 3
units or more as a critical level. These relations were

maintained after adjustment for the levels of each of
the other two variables. Because inferences about
causation based on statistical analysis must always be
made cautiously within the framework ofknowledge
about the pathophysiology of malignant disease, the

following interpretations of the observations from

5

this retrospective review are offered.

A low preoperative hematocrit is a general sign of

ill health and may reflect the poor nutritional status

that is so commonamong patients with head and neck
cancer. Nutritional status is known to affect immune

competence as well.24

The effect ofmetastatic nodes on treatment failure
is well documented.25-27 Nodal disease places a bur
den on the immune system, and the finding that nodal
disease affects recurrence is entirely consistent with
current theory. Contrary to theory, however, was the
lack of effect of tumor (T) stage on recurrence in the

present case, even with the observed increase in N

stage and number of nodes with increasing T stage.
Given the types of aggressive surgical therapy and

radiotherapy used in these patients, it might be the
case that the effects of tumor size were overcome by
escalated therapy. An alternative interpretation is
errors in staging. However, we reviewed the original
records and restaged all cases using the 1988 AlC
classification to ensure against this possibility.

The pathophysiologic effect of blood transfusion
on cancer recurrence after treatment is still incom

pletely understood. One obvious interpretation is that
transfusion is a covariate of tumor extent: larger
tumors are associated with large operations, long
operative time, and greater blood loss. Larger tumors

have a potentially greater effect on host immunity, in
addition to the immunodepressive effects of anesthe
sia28 and surgery.

29 Therefore, one could argue that
the transfusion effect is simply a reflection of tumor

size. Indeed, there was greater blood loss and in
creased transfusion use with increasing stage of tu

mor. However, the multivariate analysis, which per
mits an examination of each factor while controlling
the effects of the other factors, indicated that neither
tumor stage nor duration of operation had a signif
icant effect on recurrence in this patient population,
whereas units of blood transfused did.

Therefore, these data provide support for the theory
that transfusion has a direct effect on recurrence. A

plausible mechanism for this effect is immunosup-
.

TABLE 3. META-ANALYSIS OF EFFECT OF TRANSFUSION ON TUMOR RECURRENCE

Study No. Pts Recur Trans Var O-E OR 95%Cl

Johnson et all7 139 0.39 0.84 4.43 2.55 1.86 0.68- 5.08
Jackson and Ricel8 100 0.39 0.41 5.81 12.00 9.40 3.70-23.80
Jones and Weissler'? 94 0.43 0.51 6.15 7.94 6.18 2.86-15.50
Bock et al20 161 0.16 0.83 3.05 3.35 5.94 0.77-45.92
Von Doersten et al21 104 0.36 0.51 6.09 -1.37 0.80 0.36- 1.77

Woolley et al 143 0.46 0.69 7.62 8.31 3.20 1.48- 6.93
Total or average 741 0.36 0.63 33.16 32.79 2.65 1.88- 3.72

Recur - rate of recurrence, Trans - rate of transfusion of any amount of blood products, Var - variance for each study calculated from Mantel-
Haenszef" formula, O-E - observed minus expected number of cases, OR - odds ratio calculated from logistic regression, 95% Cl -lower and

upper boundaries of confidence interval calculated from logistic regression coefficients and standard error of coefficient.
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pression. Transfusions have been found to increase T
cell suppressor activity for at least 12 weeks follow

ing transfusion.P Fischer et aPI found a measurable
effect from a single transfusion, but with a second
transfusion there was a more pronounced and pro
longed stateof immunosuppression. Transfusionwith

autologous blood causes no immunosuppression.
Tartter et aP2 noted significant reductions in total
number of T cells in transfused patients measured at

6 to 18 months after transfusion. This was directly
proportional to the number of units of blood trans
fused perioperatively. Natural killer cells are thought
to play a role in controlling oncologic disease.P
Natural killer cell activity is significantly depressed
immediately following transfusion. This effect has
also been shown to be dose-related and may be

prolonged as long as 3 months.P' An increase in
serum levels of prostaglandin E, a potent immuno

suppressant, has been documented in patients receiv
ing blood transfusions, and this effect is also dose

dependent.35

Several clinical studies have examined the effect
ofblood transfusion on cancer recurrence since Bur
rows and Tartter6 in 1982 indicated an increased
recurrence rate in patients with colorectal carcinoma
who received blood transfusions. Similar associa
tions have been reported in patients with lung can

cer,1l,12 breast.P renal cell.!" and head and neck
carcinomas, as well as soft tissue sarcomas. 13 Not all

investigators, however, have found an adverse rela

tionship between transfusion and cancer recur

rence.15,16,2O,21 Of the five reports on head and neck
cancer patients, three17-19 supported the relation of
blood transfusion to recurrence and two did not.20,21

Johnson et al!? retrospectively analyzed the out

comes of 139 patients with stage III squamous cell
carcinoma of multiple sites in the head and neck and
identified a significantly increased recurrence rate in
those patients who received 3 units or more ofblood

products compared with those receiving 0 to 2 units.

20
I

23.8

Fig 3. Odds ratios for each study
are noted in each row. Filled square
represents odds ratio ofrecurrence

for any blood products, along with
95% confidence intervals. Unfilled
diamond indicates composite odds
ratio (see text for calculation de
tails) for all six studies. Size of

symbol is proportional to number
of subjects in each study. Those
studies with lower boundary of
95% confidence interval of less
than 1 are considered to be not

significant at p = .05. Odds ratio of
1 indicates no effect from transfu-

45 /�O sion.

This difference was absent in those patients treated

by surgery alone or after failed radiotherapy. Using
their data for all 139 cases, we computed an odds ratio
for recurrence after any transfusion of 1.86 and found
a 95% CI of 0.68 to 5.08 (Table 3).

Jackson and Rice's reviewlf of 100 patients with

squamous cell carcinomaofthe head and neck showed
a significantly increased risk of recurrence in those

patients who had received blood products. A higher
rate of recurrence was found in patients with oral

cavity, pharynx, nose, or paranasal sinus carcinoma

compared to those patients with laryngeal cancer.

Their analysis, which was stratified by tumor stages
I through IV, showed no effect ofstage on the relation
of transfusion status to tumor recurrence. Ninety
percent of cases were stage II or higher. Their odds
ratio (95% CI) was 9.40 (3.70 to 23.80).

Jones and Weisslerl? performed a multivariate

analysis ofblood transfusion and 15 other prognostic
variables using recurrence as the dependent variable
in 94 cases of stage ill to IV cancer of the head and
neck. Margin status and blood transfusion were found
to be significant predictors of recurrence. Their odds
ratio (95% CI) was 6.18 (2.86 to 15.50).

BOCk et al20 studied 161 patients with stage I to IV
cancer of the larynx with a median follow-up of 42
months. Patients who received blood transfusions
were found to have a higher incidence of recurrence,
but when they were analyzed separately within nodal
status, histologic grading, or stage, no significant
difference was detected. Recurrence was related to

stage, lymph node status, and histologic grading. All

patients had a total laryngectomy as their primary
surgical treatment. Included were 22 patients with

stage I and 58 stage II tumors undergoing total

laryngectomy. Theiroverall recurrence rate of 16.7%,
which was less than half that of the other studies,
probably reflects the large number of stage I and II
cases, which had 4.5% and 5.8% recurrence rates,
respectively. Of interest, their transfusion rate was
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nearly double the average transfusion rate ofthe other
studies. Their odds ratio (95% CI) of 5.94 (0.77 to

45.92) indicates a high variance and a nonsignificant
(p = .089) .main effect of transfusion on recurrence.

Von Doersten et al21 analyzed 31 clinical variables
from 104 cases of stage II through IV head and neck
cancer at multiple sites. They excluded all cases with

positive margins and preoperative radiotherapy. Their
multivariate analysis indicated that age, nodal status,
and postoperative hematocrit were significant pre
dictors of recurrence. Transfusion status was not

significant for recurrence in either the multivariate

analysis or the univariate analyses. Interestingly,
transfusion status was a significantpredictor ofinfec
tion in the univariate analysis, but not in the multi
variate analysis. Multiple head and neck sites were

included. They, as we, found that metastatic node
status was the strongest predictor ofrecurrence, more

so than clinical N staging. Their odds ratio (95% CI)
was 0.80 (0.36 to 1.77), which clearly indicates that
transfusion did not adversely affect tumor recurrence

in their cases.

The variations in experimental design among these
studies create uncertainty about which studies are

correct. Therefore, we employed the technique of

meta-analysis, which permits all available studies to

be combined for the purpose of estimating an overall
effect. The validity of meta-analysis depends in part
on the quality of the studies and avoidance of bias
from unpublished studies, which often are nega
tive.36 We believe that this meta-analysis has incor

porated all published studies: 4 positive (including
this one) and 2 negative. Although there may be

unpublished negative studies, it would take 25 stud
ies of similar design and sample size with odds ratios

of 1 to negate the overall effect demonstrated here.

Therefore, we mayconclude that a publication bias is

unlikely to exist.

The current meta-analysis examines only the main
effect of transfusion status on recurrence rate, and
this is substantial. (To do a more sophisticated mul
tivariate analysis would require pooling of the raw

data.) The finding of a significant main effect of
blood transfusion on recurrence of head and neck

cancer. in this meta-analysis supports the current

theory that transfusion predisposes to tumor recur

rence. Until this theory is rejected or modified by
further investigation, it would be prudent to use

techniques for blood conservation.Fv" By this we

mean enhanced hemostasis using electrocautery dis
section and, where possible, the argon beam coagu
lator, intraoperative hemodilution, use of autologous
transfusion (where applicable), and the judicious use

of heterologous blood products, in particular those
that minimize the transfer of leukocytes. Further
research into the mechanism of the transfusion effect
and methods to reduce its impact is warranted.

It appears to us that the transfusion effect is most

evident in high-risk cases in which the immune

system is already stressed by poor nutrition, large
tumor burden, and prolonged operative and anesthe
sia time. It may be the case that in these circum

stances, transfusion adds an additional stress to the

immunologic system. If that is indeed the case - and
we believe the information in this review points
strongly in that direction - we as head and neck

surgeons already have at our disposal the means, by
careful attention to blood conservation, to reduce that
burden and thus potentially enhance our patients'
survival.
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CARCINOMA IN SITU OF THE GLOTTIS:
RADIOTHERAPY OR EXCISION BIOPSY?

JOSEPH P. DIVER, MBBS

GEORGE E. MURTY, FRCS

PATIUCKJ.BRADLEY,FRCS
NOTTINGHAM,ENGLAND

Excision biopsy, radiotherapy, and laryngofissure cordectomy have all been used, but the best treatment regimen for glottic carci
noma in situ remains controversial. A 20-year experience of 37 cases is reported. For the first 10 years biopsy with radiotherapy was the
first-line treatment (n = 20), but for the last 10 years surgical or laser excision biopsy alone has been performed (n = 17). The T stage
ofthe carcinoma in situ does not determine its premalignant potential. Malignancy appears to be a recurrence, rather than a new expression
of carcinogenesis. Excision biopsy alone provides local control results (75%) comparable to those of primary radiotherapy (85%).
Excision biopsy alone, however, retains the option of subsequent radiotherapy with preservation of laryngeal function, but very close

follow-up, especially in the first year, is required.
KEY WORDS - carcinoma in situ, glottis, radiotherapy.

INTRODUCTION

Although Chevalier Jackson in 19231 first recog
nized a possible link between dysplasia of.the larynx
and carcinoma, it is Broders in 19322 who is credited
with the first description of carcinoma in situ of the

larynx. It is a replacement of the normal histologic
structure of squamous epithelium by cells of a malig
nant morphological pattern, but the basement re

mains intact. It is represented by "Tis" under the
UICC classification of laryngeal cancer.l The re

ported incidence of carcinoma in situ without coex

isting invasive carcinoma varies widely, from 1 %4 to

16%5 of laryngeal malignancies.

Following the introduction of the microlaryngeal
surgical technique by Kleinsasser" in 1968 and the
carbon dioxide (C02) surgical laser by Strong? in

1974, laryngofissure cordectomy as a form of surgi
cal treatment of carcinoma in situ fell into disrepute.
Radiotherapy, however, continued to be used widely.
In a 1981 survey of 114 otolaryngologists, Ferlito et

al4 identified a wide international variation in treat

ment policy. Despite numerous reports over the last
20 years,3,8-19 the optimum management of this con

dition remains unclear. Why is this so?

Authors have not always restricted their reports to

carcinomas in situ. It is generally accepted that the

greater the degree of dysplasia, the greater the likeli
hood of progression to malignant invasion.j" The
inclusion ofcases ofdysplasia or even microinvasion

through the basement membrane (Tl), therefore,
distorts the results.

Even reports confined to carcinoma in situ have

not always described the same condition. Despite the

proposals of Kleinsasser.U The Centennial Confer
ence on Laryngeal Carcinoma-Toronto.F and Hell

quist et al, 13 there is still no universal grading of dys
plasias and their separation from carcinoma in situ. It
is therefore little surprise that results vary.

A randomized controlled trial has yet to be re

ported. The majority ofthe literature describes results
from 1 treatment modality only. In the few in which
more than 1 modality was' used, the criteria for

determining which modality was used were variable.
We report our experience over the last 20 years (1972
to 1991), in which radiotherapy was the treatment of
choice during the first decade but surgery was the
first-line therapy thereafter.

MATERIALS AND METHODS

The histology and clinical records of 63 patients
with dysplastic lesions of the glottis treated -in the

Departments of Otolaryngology and Radiotherapy,
General Hospital, and the Department of Otolaryn
gology, University Hospital, in Nottingham from

TABLE 1. HISTOPATHOLOGIC CLASSIFICATION OF
PREMALIGNANT LARYNGEAL LESIONS

Group Definition
Squamous cell hyperplasia with or without
keratosis and/or mild dysplasia
Squamous cell hyperplasia with moderate
dysplasia
Squamous cell hyperplasia with severe dysplasia
or classic carcinoma in situ with full-thickness

atypia
Information from Hellquist et al.13

II

ill

From the Department of Otorhinolaryngology, University Hospital, Queen's Medical Centre, Nottingham; England. -
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TABLE 2. CASES OF GLOTTIC CARCINOMA FOLLOWING TREATMENT

Age at First Interval Second
Pt Diagnosis Stage VC Treatment (mo) Stage VC Treatment Present Status

1 65 T1a R XRT 19 TINO R* TL NED at 72 mo

2 50 Tlb Both XRT 42 T4NO Rt TL Died of lung primary
at 16 mo

3 45 Tla R XRT 193 T3NO R TL NED at lOmo
4 62 Tla R XB 3 Tl R Rx NED at 72 mo

5 48 Tla L XB 7 Tl L Rx NED at 60 mo

6 76 Tla L XB 17 Tl L Rx Alive at 108 mo

7 59 Tla R XB 7 Tl R Rx NED at31 mo

8 62 T1a R XB 11 T3 R TL Died of local disease
at 34 mo

"Stage" is that of VICC system for invasive squamous cell carcinoma.

VC - vocal cord, XRT - primary irradiation, XB - excision biopsy alone, 11.. - total laryngectomy , Rx - radiotherapy, NED - no evidence
of disease.

*Glottis and supraglottis.
tAnterior commissure and VC.

1972 through 1991 were reviewed. Thirty-seven had

group III disease according to the histopathologic
classification of premalignant lesions proposed by
Hellquist et al13 (Table 1). It is these that form the
basis of this report.

The mean age was 63.4 years (range 39 to 91).
There were 29 men and 8 women, of whom 27
admitted to being smokers at the time of diagnosis.
According to the same mcc staging system used for
invasive squamous cell carcinoma of the glottis, 29
had T1a disease, 7 had T1b, and 1 had T2.

From 1972 through 1981 the primary treatment
was biopsy with radiotherapy. Twenty patients re

ceived 60 Gy over 25 fractions from megavoltage
equipment using a cobalt 60 unit of a 6-megavolt
linear accelerator. Mean follow-up time was 14.4

years. From 1982 the primary treatment has been
excision biopsy alone. From 1982 to 1987 this was

performed with microcupped forceps on 14 patients,
and from 1988 to 1991,3 patients were treated with
a Coherent 451 C02 laser (Coherent Medical Divi
sion, Palo Alto, Calif). Mean follow-up time was 5.1

years; minimum follow-up was 15 months.

RESULTS

The mean age of the 20 patients receiving biopsy
with radiotherapy was 63 years (39 to 91). Fifteen
were men, and 19 of the 20 admitted to being smokers
at the time of diagnosis. Local control was achieved
in 85% (17 of 20) of patients. Of these, 10 are alive
with no evidence of disease and 7 are dead from
unrelated causes, including 1 from a lung primary.
Three patients developed glottic carcinoma, the de
tails of which are summarized in Table 2 (patients 1

through 3). Two of the 16 patients with stage T1a
cancer, and 1 of the 3 patients with T1b, developed
glottic carcinoma. The 1 patient with T2 cancer is

disease free.

The mean age of the patients treated with excision

biopsy alone was 63.8 years (49 to 81). Fourteen had
the procedure performed with microcupped forceps,
and 3 with laser. Fourteen were men, and 8 admitted
to being smokers at the time of diagnosis. Local
control was achieved in 71 % (12 of 17) ofpatients. Of

these, 11 are alive with no evidence of disease, and 1
died ofa second primary in the lung. The details of the
5 patients developing glottic carcinoma are summa

rized in Table 2 (patients 4 through 8). None of the

patients treated with laser therapy has yet developed
carcinoma. Patient 8 initially presented with a squa
mous cell carcinoma of the floor of the mouth, which
was surgically treated. The glottic carcinoma in situ

developed 29 months later. Of the 13 patients with
Tla disease, 5 developed glottic carcinoma. None of
the 4 patients with T 1 b disease underwent malignant
change.

The Figure compares those patients who devel

oped glottic carcinoma following biopsy and radio

therapy with those who developed it following exci
sion biopsy alone.

DISCUSSION

At first sight the primary use of adjunctive radio

therapy appears to provide better local control (85%)
than excision biopsy alone (71 %). The fifth case of

glottic carcinoma in the excision biopsy alone group
is, however, atypical in that it is the only one of 37
cases that had a preexisting head and neck primary
cancer, and although death occurred from local head
and neck disease, it was not possible to determine
whether this was attributable to the floor of mouth
cancer or the laryngeal cancer. Excluding this case

increases local control using excision biopsy alone



150 Murty et al, Carcinoma of Glottis

TL

I

TL

I d. 2nd Primary Lung
-.

TL
I

XRT

I

XRT

I

XRT

I

XRT

I

TL

I d. local disease

XRT 1

XB 4

Glottic carcinoma in situ develop
ing carcinoma after treatment with
primary radiotherapy (XRT) or

excision biopsy alone (XB). TL
total laryngectomy.

2 7 10 11 12 13 14 15 16 17

FOLLOW UP PERIOD (YEARS)

from 71 % to 75% (12 of 16).

A comparison of the time interval between diagno
sis ofcarcinoma in situ and the appearance of invasive

carcinoma reveals that malignant change occurred

significantly earlier in the group undergoing excision

biopsy alone. That 3 cases of malignancy were iden
tified within the first 8 months raises the question of
whether malignant change had indeed occurred or

whether the original biopsy was unrepresentative.
Clear margins were present, however, in the original
biopsies of all 3 cases. Close follow-up, particularly
in the first year, is therefore essential.

A link between the T stage of the carcinoma in situ
and its potential to undergo malignant change has
been postulated. Seven of the 8 cases that became
carcinoma were T1a, and the eighth was T1b. The

single case staged T2 did not become invasive carci
noma. The evidence reported here, therefore, does
not support such a theory.

In all 8 cases in which carcinoma developed, the
site and side involved corresponded to those of the
carcinoma in situ; this finding suggests a recurrence

rather than a new expression of carcinogenesis.

CONCLUSION

Excision biopsy alone for glottic carcinoma in situ

provides local control results comparable to those
obtained with biopsy with radiotherapy. Excision

biopsy alone, however, retains the option of subse

quent radiotherapy with preservation of laryngeal
function. If excision biopsy alone is the treatment of
choice, very close follow-up, especially in the first

year, is required. There is no evidence to suggest that
the T stage of carcinoma in situ determines pre
malignant potential. Where malignant change does
occur, it appears to be a recurrence rather than a new

expression of carcinogenesis. Laser treatment may
prove to be superior to microcupped forceps strip
ping, but further data are awaited.
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INTRAOPERATIVE LARYNGEAL ELECTROMYOGRAPHIC
ASSESSMENT OF PATIENTS WITH IMMOBILE VOCAL FOLD

PEAKWOO,MD
SYRACUSE, NEW YORK

HERNANDO ARANDIA, MD

The differential diagnosis of laryngeal ankylosis versus paralysis is occasionally difficult in patients with immobile vocal folds.

Eight patients with acute and chronic evidence of vocal fold immobility were investigated by intraoperative electromyography (IEMG)
during planned microlaryngoscopy. Bipolar hook wire electrodes were inserted into the thyroarytenoid muscle, of which the electrical

activity was monitored during neuromotor blockade and emergence from anesthesia. The normal side and the side with ankylosis or

stenosis showed normal IEMG activity. There was progressive recruitment oflarger motor units during recovery from muscle relaxation.
Patients with laryngeal paralysis failed to show such recruitment patterns. Thus, IEMG can be used as a diagnostic tool during operative
laryngoscopy to differentiate neuromotor injury from anatomic causes of vocal fold immobility. The advantages of IEMG are its ease

of application and certainty of electrode position. It can also be used to monitor recurrent nerve integrity and detect early laryngospasm.
Further IEMG clinical study is warranted.

KEY WORDS - intraoperative electromyography, laryngeal ankylosis, laryngeal paralysis.

INTRODUCTION

The differential diagnosis of patients with vocal
fold immobility is sometimes complex. In the acute

situation after intubation or laryngeal trauma, the

possibilities include local soft tissue hemorrhage and
edema, intubation-caused vocal fold dysfunction,
arytenoid dislocation, vocal fold paralysis, and naso

gastric tube injury to the posterior cricoarytenoid
muscle.l-" In the chronic situation, the differential

diagnosis list should also include posterior glottic
stenosis, as well as abnormal reinnervation with

paradoxical vocal fold movement.6 The history and
examination may confirm the presence of an immo
bile or poorly mobile vocal fold. However, differen
tiation among the various possible diagnoses by
history and examination is difficult. Often, the diag
nosis ofneuromotor injury versus tissue trauma can

not be made with certainty. Yet, the ability to differ
entiate between anatomic versus neuromotor injury
has both therapeutic and prognostic implications. For

example, if the injury is due to arytenoid dislocation,
early surgical intervention with surgical reduction is

preferred," In patients being considered for vocal fold
medialization or reinnervation, a normal, passively
mobile larynx offers the best 'chance for success.

Conversely, in those patients about to undergo major
laryngeal reconstruction, normal innervation with
adductor and abductor function is necessary for a

successful outcome.

Although electromyography (EMG) examination
of the laryngeal muscles has been reported.s+" rou-

tine examination ofpatients with vocal fold immobil

ity with EMG is not common. While laryngeal EMG
has been used for investigation of laryngeal kinetics,
clinical applications have been limited to a few cen

ters. In part, this is due to the relatively inaccessible
nature of the muscles of interest. As they are well
hidden behind the thyroid and cricoid cartilages, the
evaluation by EMG of laryngeal muscles requires
great patience and skill to achieve confidence in its

interpretation. Using multiple possible approaches,
several excellent reports have documented the value
of laryngeal EMG in electrodiagnosis. By using
extemallandmarks, needle electrodes can usually be

placed at different angles through the cricothyroid
membrane into appropriate muscles. 15 With this tech

nique, verification of needle position is difficult in
the patient with denervation and lowEMGpotentials.
Recently, Thumfart'sl" technique of transoral bipo
lar hook wire electrode helps to overcome these
difficulties. Despite this, office laryngeal EMG still

requires patient cooperation and careful visualization
of the vocal fold.

To circumvent theseproblems, intraoperative EMG
(IEMG) was used to investigate laryngeal EMG

activity in eight patients with a clinical diagnosis of
immobile vocal folds. All the patients were already
undergoing general anesthesia formicrolaryngoscopy.
It was hoped that IEMG might contribute to a more

definitive diagnosis. Intraoperative EMG monitor

ing is not new. It has been advocated in several

applications. Lipton et al!? suggested transoral place-
From the Departments of Otolaryngology and Communication Sciences (Woo) and Anesthesia (Arandia), State University of New York Health
Science Center, Syracuse, New York.

Presented at the meeting of the American Laryngological Association, Palm Desert, California, Aprl111-12, 1992.
REPRINTS - Peak Woo, MD, 750 E Adams St, Syracuse, NY 13210.

152



Woo & Arandia, Intraoperative Laryngeal Electromyography 153

DIAGNOSIS AND INTRAOPERATIVE ELECTROMYOGRAPHIC FINDINGS IN PATIENTS
WITH IMMOBILE VOCAL FOLD

Case Age (y) Sex
Presenting Problems

and Findings EMG Findings Interpretation
Aspiration with aphonia Normal SMU morphology; Laryngeal injury due
after intubation and normal recruitment to nasogastric tube

nasogastric tube placement;
immobile L vocal fold

R vocal fold immobile after R fibrillation potential . Denervation with neuro-

C6-7 cervical diskectomy and absent recruitment; motor injury to R
normal L SMU morphology
and normal recruitment

Bilateral vocal fold im- Normal recruitment with Normal innervation

mobility since birth; cough and swallow; small

subglottic stenosis amplitude
Aspiration with immobile Normal morphology of Cricoarytenoid arthritis
L vocal fold after prolonged SMU; appropriate recruit-
intubation mentpattern
Poor R vocal fold motion L small EMG amplitude and L irradiation fibrosis; R
after radiotherapy for cancer recruitment; R absent EMG denervation due to tracheal

esophageal recurrence seen

on computed tomography
Acute stridor and dyspnea Normal SMU morphology Bilateral cricoarytenoid
with severe rheumatoid ar- and recruitment pattern ankylosis
thritis; bilateral vocal fold
motion impairment
Laryngeal stenosis with Normal SMU; diminished Traumatic injury to

obscured vocal folds recruitment thyroarytenoid muscle

Gunshot wound to neck Absent SMU and absent Bilateral denervation
with bilateral vocal fold recruitment with cough

75 M

2 31 M

3 1.8 M

4 36 M

5 60 M

6 69 F

7 1.2 F

8 42 M

motion impairment
EMG - electromyography, SMU - single motor unit.

ment of bipolar hook wire electrodes to monitor
recurrentnerve function during thyroidectomy. Crum
ley6 advocated IEMG in investigation of patients
with bilateral vocal fold paralysis who may have
crossed reinnervation. Koch et at18 recommended
IEMG of laryngeal muscles to investigate vocal fold

paralysis in pediatric patients. Our study reports on

the use of IEMG for investigation of patients with
immobile vocal fold. The technical goals ofthis study
were to I) refine intraoperative laryngeal EMG elec
trode design and placement so as to maximize suc

cess and minimize uncertainty and 2) record from

laryngeal muscles during pharmacologic neuromotor

blockade and its subsequent withdrawal.

MATERIALS AND METHODS

Patient Selection. Eight patients with acute and/or
chronic presence of immobile vocal fold were stud
ied. These patients were all scheduled to undergo
microdirect laryngoscopy for further investigation of

suspected laryngeal disorders. Fivepatients presented
with acute onset of vocal fold motion impairment;
three patients had a diagnosis of chronic vocal fold
movement impairment. Three were being investi

gated for possible arytenoid dislocation or ankylosis;

two were being investigated for a possible mass

lesion in the pyriform sinus; three patients had prob
able posterior laryngeal stenosis with poor vocal fold
motion. The Table summarizes the patients' clinical

diagnoses and their demographic data. In all patients,
planned operative laryngoscopy was indicated for
other reasons than for electrodiagnosis by IEMG.

Electrode Fabrication. Bipolar hook wire elec
trodes were fabricated as described by Basmajian.l?
Two strands of Teflon-coated stainless steel wire

(40-gauge, 0.003 in in diameter) were inserted through
a 25-gauge 5/8-in needle (Med wire, Sigmund Cohn
Corp, Mt Vernon, NY). To facilitate electrode inser
tion, the needle hub may be removed from the needle
shaft to better visualize needle depth during electrode

placement (Fig 1). The hook wire electrode was

stripped of insulation for 1 mm and bent backward.
Electrodes were then gas-sterilized. These electrodes
are similar to commercially available bipolar hook
wire electrodes (Xomed-TreaceNim-2, catalog num

ber 82-26325), but the finer wire gauge and needle
size make them more appropriate inpediatric applica
tions.

Electrode Placement. Under general anesthesia,
the patient's larynx was exposed with a suspension
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Fig 1. Bipolar 40-gauge stainless steel wire electrodes
through 25-gauge needle. Hook wires are placed as far
apart as possible to prevent contact. Needle is used as

electrode carrier.

microlaryngoscope. The needle and hook wire elec
trode assembly was grasped with a microcup instru
ment and inserted into the midmembranous portion
of the vocal folds at 3 mm lateral to the vocal fold

edge. The insertional depth was approximately 3
mm. Retention of the hook wire electrodes in tissue
was confirmed visually on careful withdrawal of the
needle carrier (Fig 2). The EMG placement was

checked by the decrease ofnoise and 60-Hz interfer
ence pattern on electrode insertion. (The wire elec
trode should be in the thyroarytenoid muscle.) After
bilateral hook wire electrode placement, the laryngo
scope was carefully withdrawn. The electrodes were

taped to the face to prevent displacement.
The proximal end of the wire electrode was then

connected to a patient isolation unit and an AC

preamplifier (P5 AC preamplifier, model p511, Grass
Instruments, Quincy, Mass). The electrical activity
was monitored on an audio monitor (Grass AM 8) and
on an oscillograph. Real-time computerized oscillo

graphic data acquisition hardware and software on a

486 PC (Dataq Instruments Inc, Akron, Ohio) was

used to sample the analog signals (50 kHz/s maximal

throughput to disk), The AC preamplification was set

typically at I,OOOx with a 3-Hz to 3-kHz band pass
filter.

Recording. During microlaryngoscopy the patient
was paralyzed by administration of atracurium

. besylate (typically 0.15 to 0.30 mg/kg) or anesthe
tized by a succinylcholine chloride intravenous drip.
When microlaryngoscopy and electrode insertion
was complete, the patient was allowed to recover

from neuromotor blockade spontaneously or was

administered a reversing agent (neostigmine methyl
sulfate 0.035 to 0.070 mg/kg). Monitoring the effects
of muscle relaxation was done by the anesthesiolo

gist by a train of four stimuli over the course of the
ulnar nerve.P The EMG recordings were made dur

ing 1) baseline EMG signal activity during neuromo-

Fig 2. Intraoperative electrode placement into midmem
branous fold. Arrows - sites of insertion and wire.

tor blockade, 2) threshold of EMG activity during
emergence from neuromotor blockade, and 3) during
active coughing or swallowing prior to extubation.
When the patient was ready for extubation, the wire
electrodes were extracted by a gentle pull on the
wires. The wire ends were inspected for inadvertent

breakage.

CASE REPORTS

Case 1. A 75-year-old man was admitted for revi-
.

sion hip arthroplasty. After an uncomplicated hip
surgery, he was noted to have a sore throat with
hoarse voice. This was associated with continued

poor oral intake and aspiration. No resolution was

noted over the next 9 days. The otolaryngology
service was consulted. A diagnosis of right vocal fold

paralysis was made by fiberoptic laryngoscopy, and
he was referred. Examination on postoperative day
10 showed a weak breathy voice and mild right-sided
neckpain on swallow. Fiberoptic examination showed
an immobile right vocal fold with right arytenoid
edema. The patient was taken to the operating room

on postoperative day 12 for further examination. The
differential diagnoses were vocal fold paralysis ver

sus arytenoid dislocation.

The operative findings showed an ulcer over the
medial wall of the right pyriform sinus. The biopsy
showed acute and chronic inflammation. Intra

operative laryngeal EMG monitoring was done from
the right thyroarytenoid muscle during emergence
from muscle relaxation (Fig 3). During emergence
from the neuromotor blockade, the affected side
exhibited electrical silence (Fig 3A). During gradual
emergence from anesthesia, small single motor units
were noted, sounding like fast repetitive pops similar
to those of raindrops on a tin roof, as described by
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textbooks'? (Fig 3B). With full recovery from neuro

motor blockade, a full interference pattern was seen

(Fig 3C). The pattern of electrical activity corre

sponded to the patient's attempts at coughing and

swallowing, but not to phasic respiration, indicating
thyroarytenoid adductor EMG activity. The patient
was judged to have nasogastric tube-related injury to

the right posterior cricoarytenoid muscle area. The

nasogastric tube was removed and his symptoms sub
sided gradually. Follow-up examination at 6 weeks
showed return of normal laryngeal function and mo

bility.
The EMG evidence helped to rule out laryngeal

paralysis. The EMG activity indicated an appropriate
recruitment pattern despite absent vocal fold motion.
Without the EMG data, with the presence of vocal
fold immobility and aspiration, it might have been

argued that the patient would benefit from Gelfoam

injection or thyroplasty. Normal EMG data were

used to pursue a more conservative management
plan.

Case 2. A 31-year-old man underwent a C6-7
cervical diskectomy through an anterior right cervi
cal approach. Postoperatively, he was noted to be

aphonic. Indirect laryngoscopy at 8 weeks showed
an immobile right vocal fold in a cadaveric position.
The arytenoid cartilage was tipped anteriorly, partial-

400

ly covering the true vocal folds. He remained aphonic
and was examined under anesthesia to rule out aryte
noid dislocation. Microlaryngoscopy showed a flac
cid vocal fold without spontaneous motion. Electro

myography from the right side showed fibrillation

potentials. No recruitment was seen with cough or

swallow. The nonaffected side showed single motor

units that progressed to a normal recruitment pattern
(Figs 4 and 5) with coughing and swallowing.

The conclusion was made that the patient had
sustainedneuromotor injury to the right thyroarytenoid
muscle. Follow-up at 9 months showed an improved
voice. Although he continued to show an immobile

vocal fold, he had no evidence of functional deficits
and declined to be reexamined by office EMG.

This case illustrates the differences between the

innervated and noninnervated sides. Although office

EMG may have also shown differences similar to

those shown by IEMG, the absence of electrical

activity could be interpreted with more confidence

with IEMG. Intraoperative EMG placement was

quick and secure, eliminating the multiple passes
necessary in office laryngeal EMG with needle elec

trodes. By combining the IEMG with suspension
laryngoscopy, electrodiagnosis was able to be done

in a single procedure in a patient reluctant to undergo
EMG under local anesthesia.
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Case 3. An 18-month-old male infant was intubat
ed with respiratory distress at birth and subsequently
underwent tracheostomy at another institution. Ini
tial examination by fiberoptic laryngoscopy at 4
months ofage showedbilateral immobile vocal folds.
There was also narrowing of the subglottic area,

starting immediately below the vocal folds. Because
of the history, bilateral vocal fold paralysis was

considered a possibility. He was admitted for direct

laryngoscopy, bronchoscopy, and IEMG.

Intraoperative EMG showed appropriate EMG

activity on both sides (Fig 6). Although the amplitude
of the EMG potential during maximum recruitment
was not as large as in normal cases, the EMG poten
tials showed appropriate activity with coughing and

swallowing, indicating appropriate innervation.

The conclusion was made that the subglottic
stenosis was the primary cause of vocal fold immo

bility, and that the problem was not one ofcongenital
vocal fold paralysis. He was treated successfully by
laryngotracheoplasty with a costal rib graft. Intra

operative EMG helped to confirm the presence of

appropriate EMG activity in immobile vocal folds,
thereby supporting the decision to proceed with

laryngotracheoplasty.
The Table summarizes the clinical data in all eight

200 400 600 800

patients, their presenting problems, and their EMG

findings and interpretations. Because the patients
were examined during emergence from neuromotor

blockade, the amplitude of laryngeal muscle EMG

activity with reflex coughing and swallowing was

quite variable. This variability was difficult to pre
dict, but appears to be affected by the type ofanesthe
sia, perioperative analgesia, use of intraoperative
lidocaine, and other, unknownfactors, However, in
all cases with normal innervation, there was a pattern
of gradual and graded EMG recruitment after with
drawal of muscle relaxants. The earliest evidence of
functional return was small single motor units firing
at repetitive intervals. These appear to have a triphas
ic or quadriphasic configuration and can be distin

guished easily by the eye. When the anesthesia be
came lighter and the train of four ulnar nerve stimuli
showed a return of muscle function, the adductor

laryngeal muscle activity increased to a higher-level
background discharge. This had the appearance of

larger, more complex-shaped signals, and the signal
became more like a recruitment pattern. At this point,
single units could not be identified easily. Normal

laryngeal EMG traces also showed a gradually graded
increase in activity as the patient swallowed or gagged
on the endotracheal tube. When the patient was ready
for extubation, repetitive bursts of EMG activity
were seen. This pattern was not observed in the
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paralytic vocal folds. With paralysis, small fibrilla
tion potentials were seen. The graded increase in
recruitment pattern did not occur, even when there
was swallowing and/orgagging movement. The level
of electrical activity remained low, with low-fre

quency movement artifacts. In the two patients with

paralysis, giant reinnervation potentials were not

seen.

DISCUSSION

Intraoperative EMG has been reported in the past
for diagnosis as well as for monitoring of the recur

rent laryngeal nerve.6,17,18 This report supports the
use of EMG in electrodiagnosis of laryngeal move

ment abnormalities. Although voluntary activity is
not possible under anesthesia, appropriate recruit
ment activity in the laryngeal muscles can be tested

by examination ofEMG activity during reflex activi
ties such as swallowing and gagging, and during
emergence from neuromotor blockade.

This study only examined adductor function. The

monitoring of thyroarytenoid muscle activity ap
pears to be quite accessible through the operating
laryngoscope. Thebelly of the thyroarytenoid muscle
can be visually identified through the operating

. laryngoscope. Thyroarytenoid monitoring tests the

integrity of the recurrent laryngeal nerve, usually the

nerve of interest. Abductor function can also be tested

through a transoral intraoperative approach. Unfor

tunately, the certainty ofelectrode placement into the

posterior cricoarytenoid muscle is not as good as that
ofelectrode placement in the thyroarytenoid muscle.

The chief advantage of lEMG is the relative ease

with which it can be applied. Because of direct

visualization, certainty of accurate electrode place
ment into the thyroarytenoid muscle can be visually
confirmed.

Failure to recordelectrical activity in normal muscle
can occur with hook wire electrodes. This can occur

if the exposed electrodes are crossed and short cir
cuits occur, resulting in failure to record active muscle

potentials. If this scenario is suspected, one of the
electrodes is removed and a neck surface electrode is
used as a reference. The monopolar electrode is less

specific in pickup than bipolar electrodes, but useful
information regarding muscle activation can never

theless be gathered.
It should be emphasized that lEMG should not be

considered a replacement for office examination by
EMG. However, in patients already undergoing di
rect laryngoscopy with a diagnosis ofimmobile vocal
fold, lEMG can be used to gain additional electrodi

agnostic information. The following clinical situa-
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tions seem most appropriate for IEMG.
1. In patients with an immobile vocal fold that is

.

associated with edema or a mass lesion that ob
scures visual confirmation of needle placement,
lEMG can document the presence or absence of
neuromotor innervation on the side of involve
ment.

2. In patients who cannot cooperate with office
EMG, lEMG may be used to study laryngeal
function as part of assessment of aspiration or

vocal fold motion abnormalities.

3. In pediatric or adult patients with laryngeal steno

sis, direct laryngoscopy is necessary to evaluate
the anatomic causes of vocal fold immobility.
Intraoperative lEMG can be done simultaneously
to help confirm the diagnosis and to assess appro
priate neuromotor function.

One potential application of IEMG is its use in
better understanding of laryngeal function during
anesthesia. Monitoring of laryngeal muscle activity
may be used to prevent premature extubation and

laryngospasm. Inpatients undergoing surgery inwhich
the vagus nerve and recurrent laryngeal nerves are at

risk, the integrity of the recurrent nerve can be moni
tored without difficulty.

The disadvantages of lEMG lie in the additional

equipment that must be used. Great care must be

200 400 600

Time = 2 seconds

taken not to accidentally displace therecording elec
trodes during suction and involuntary coughing. Be
cause the EMG electrode is a bipolar hook wire, the
interelectrode distance cannot be determined. Fur

thermore, the recording surface area is a rough esti
mate. This makes quantitative measures of EMG

activity unreliable. Qualitative interpretation contin
ues to be the preferred method of analysis. This
limitation is an intrinsic property of hook wire elec
trodes and not of lEMG techniques. Because of the

requirement for anesthesia, lEMG cannot be used
with repeated examinations to follow up patients
with neuromotor injury.

In summary, lEMG can be used to monitor laryn
geal EMG activity during anesthesia. Appropriate
laryngeal function can be tested by recording of
muscle activity during reflexive coughing or swal

lowing and during withdrawal of muscle relaxation.

Typical EMG and EMG recruitment patterns can be

expected in normal persons and patients with ankylo
sis, laryngeal stenosis, and other anatomic disorders

resulting in immobile vocal folds. Such patterns are

disrupted in patients with paralysis and neuromotor

injury. Intraoperative EMG can be a useful adjunc
tive technique that can further refine laryngeal diag
nosis. In this small series ofpatients, unique informa
tion could be gained that was not easily obtained by
other means.
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MEASUREMENT OF YOUNG'S MODULUS IN THE
IN VIVO HUMAN VOCAL FOLDS
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Currently, surgeons have no objective means to evaluate and optimize results ofphonosurgery intraoperatively. Instead, they usually
judge the vocal folds subjectively by visual inspection or by listening to the voice. This paper describes a new device that measures

Young's (elastic) modulus values for the human vocal fold intraoperatively. Physiologically, the modulus of the vocal fold may be

important in determining the nature ofvocal fold vibration in normal and pathologic states. This study also reports the effect of recurrent

laryngeal nerve stimulation on Young's modulus of the human vocal folds, measured by means of transcutaneous nerve stimulation

techniques. Young's modulus increased with increases in current stimulation to the recurrent laryngeal nerve. Ultimately, Young's
modulus values may assist surgeons in optimizing the results of various phonosurgeries.

KEY WORDS - elastic modulus, phonosurgery, vocal fold, Young's modulus.

INTRODUCTION

I This paper describes a new device that measures

Young's (elastic) modulus intraoperatively in the in
vivo human vocal folds. Elastic modulus values may
provide surgeons with an objective means of evalu

ating phonation intraoperatively, and therefore may
be useful for guiding and optimizing results ofphono
surgery. Traditionally, surgeons have gauged changes
made to the vocal folds by visual inspection or by
listening to the patient's voice. These judgments are

purely subjective, and as a result surgical outcomes,
are often unpredictable. Because poor outcomes most

often result from misjudgment of the appropriate
amount of augmentation or medialization of the vo

cal folds, resulting in abnormal stiffening of the vocal
folds, an objective procedure for evaluating vocal
fold stiffness intraoperatively might improve the
success rate for such surgeries, and would havebroad

application over a wide range of phonosurgical pro
cedures.

Young's (elastic) modulus accurately represents
the tissue elastic properties.! and was therefore cho
sen as a measurement standard. Young's modulus is
calculated from the following equation:' Young's
modulus = Stress/Strain, where Stress is defined as

force required for lateral movement, divided by tis
sue contact area over which the force is applied; and
Strain is defined as change in length ofx at a particu
lar x, or amount ofdisplacement. An alternate formu
lation for differential Young's modulus is /).Young's
modulus = /).Stress/Strain, where /).Stress is differen-

tial stress, or the change in force divided by the tissue
contact area over which the force is applied. This
modulus measures both the physiologic and dynamic
aspects of vocal fold compliance to variations in
force and stimulation, and thus is probably a superior
measure of fold properties- (also K. S. Stevens, un

published observations).

Physiologically, the elastic modulus of the vocal
fold tissue may be a prime determinant of the wave

motion of the mucosal mcmbranc.v" The mucosal
wave travels from the inferior portion of the folds to

the superior, and then moves laterally onto their
surface. This process transforms the egressing air
stream through vocal fold vibration during phona
tion. The periodic interruption in airflow in tum

produces the acoustic signal that is perceived as

voice." Hence, the elasticity of the vocal fold tissue is
a key factor in the control of phonation.f-?

Anatomically, the layers of the vocal folds exhibit
different mechanical properties. 10 Hirano 11 described
these properties in the body-cover theory of vocal
fold vibration. He described the vocal fold as a 2-

layer system: a muscular layer (body) and a non

muscular layer (cover). The cover consists of squa
mous epithelium and intermediate layers of loose
connective tissue (lamina propria). It is very pliable,
but has no intrinsic contractile property. The body
includes the deep layer of the lamina propria and the
vocalis muscle, whose contraction stiffens the body.
These properties may contribute to the formation and
characteristics of the traveling wave and the resulting

From the Division of Head and Neck Surgery, University ofCalifornia-Los Angeles School of Medicine, Los Angeles, California. This research was

supported by National Institutes of HealthlNational Institute on Deafness and Other Communication Disorders grant NS20707 to G.S.B.

Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 11-12, 1992.

REPRINTS - Bruce R. Gerratt, PhD, Division of Head and Neck Surgery, CHS 62-132, UCLA School of Medicine, Los Angeles, CA 90024.

160



Tran et al, In Vivo Young's Modulus 161

,-- HEAD SURFACE

�:J
Fig 1. Diagram of new device for measuring differential Young's (elastic) modulus.

vocal qualities that can be produced.
Since the cover assumes most of the vibration near

its surface, 12 an understanding ofits elastic properties
is of primary importance. Intuitively, it would seem

that the combined stiffness of the entire vocal fold
would be determined by the extrinsic longitudinal
tension of the cover and the internal stiffening of the

body. Thus, the elastic properties of both layers
influence the vibration of the vocal folds.P

In vivo elastic modulus values have not been

reported previously. However, a number of authors
have measured in vitro elastic modulus values in
order to predict the in vivo state of vocal fold vibra
tion. Ishizaka and Kaneko!" fastened a thread to a

freshly cut human vocal fold, and then stretched the
cord laterally to measure the displacement and force

applied. From this preparation, they estimated the
stiffness constant K at 3.7 x 1()4 dynes/em, Kakita et

al2 investigated the mechanical properties of vocal
fold tissues and reported ranges and orders ofmagni
tude for Young's moduli and shear moduli of differ
ent layers of canine vocal folds. Weights were hung
on the tissue samples, and the resulting elongation
was measured with a microscope. Although their
results provided some of the first quantitative esti
mates of the elastic moduli, methodological prob
lems (including undefined reference length and ques
tionable viability of the tissue) limit the generality of
their measurements.

Perlman et al15,16 investigated the in vitro elastic
moduli of canine vocal fold tissues in viable condi
tion. Longitudinal stepwise elongation was applied
to the vocal folds, and the force was measured. From
the force elongation curves and stress-strain curves

of the vocal fold tissue, a secant Young's modulus for
the body and cover was obtained. The longitudinal

secant Young's modulus, defined as the ratio of total
stress to the total increase in strain from a reference

length, ranged from 1.0 x 106 dynes/em- at 10%
strain to 4.0 x 106 dynes/em- at 50% strain.

Recently, Alipour-Haghighi and Titze17 measured
the in vitro longitudinal elastic modulus of canine
vocal folds that were kept viable in Krebs solution.

They used a slow cyclic stretch-and-release tech

nique to measure the stress-strain in the range of 0%
to 40% elongation over an approximate in situ length.
These stress-strain data, which apply to longitudinal
vocal fold tension, were modeled with polynomial
and exponential functions. Alipour-Haghighi and
Titze proposed that the elastic properties of the vocal
fold tissues are nonlinear for both body and cover

over most of the strain range, but that linear approxi
mations can be made at low strain (strain < 15%). At
these low strains, the cover has about twice the
stiffness of the body as estimated with the longitudi
nal Young's modulus. Such low strain values are of

interest, since they represent most normal phona
tion.I8

Although no in vivo modulus measures have been

reported, associated measures of vocal fold function
made intraoperatively have been described. Fukuda
et aJ19 developed a technique in which an external
vibrator was used to create a wave motion in the vocal
folds. This motion was evaluated intraoperatively for

symmetry by stroboscopy. However, the relationship
between externally induced and natural vocal fold
vibration is unclear. Leleune-" designed a device to

measure the degree of vocal ligament tightening
during laryngeal framework surgery. However, his
device measured only strain, not stress. Further,
strain was determined by pinching the vocal fold,
possibly injuring the tissue. Berke et al21 intraopera-
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Fig 2. Photograph ofactual device for measuring differen
tial Young's (elastic) modulus.

tively monitored human vocal fold vibration by
insufflating air rostrally through the vocal folds while

manually adducting the arytenoids. This technique
was used intraoperatively to monitor fold function
and determine the end point for injecting Teflon into
the vocal folds of a patient with previous failed

attempts. However, the technique is imprecise and
indirect compared to the direct stimulation of the

laryngeal muscles.

The device described below is designed to over

come the limitations ofprevious methods by permit
ting measurement of vocal fold function in vivo. The
device is described in detail below, along with its use

in patients. We also report measurements of the
activated muscular transverse elastic modulus.

METHODS

Device Construction. The device constructed to
measure the Young's modulus of the in vivo human
vocal folds is shown in Figs 1 and 2. This device was

designed to meet several criteria. First, it moves into

position easily and rapidly during phonosurgery, so

that the elastic modulus can be measured quickly and

easily. The device's deflection bar occupies very

JAKO-Micro Laryngoscope
TYPE I

Fig 3. Diagram of modified Jako laryngoscope.

little space within the introitus of the larynx, and docs
not interfere with the surgical manipulation of the
vocal fold. This allows dynamic measurement of the
elastic modulus throughout a phonosurgical proce
dure.

Second, the device measures the vocal fold's elas
tic modulus rapidly by deflecting the vocal fold a

small distance, with measured force applied to a

small area of the fold. Rapid measurement minimizes
the effect of strain "creep" and stress "relaxation" in
vocal fold tissue.j If uncontrolled, these factors will
distort Young's modulus values and result in inaccu
rate measurements of the elasticity of the tissue. In
our preliminary elastic modulus studies, stress "re
laxation" was observed when force was applied to the
tissue for longer than 30 seconds.

Third, the device is sensitive to very small changes
in the modulus. The device incorporates a Shimpo
Digital Force gauge (Shimpo force gauge DF-0.5R,
Shimpo American Corp), which combines a light
beam detection design with a microcomputer for
measurement of push-pull forces. This gauge can

measure forces from any angle and has a resolution of
0.1 g. This enables the device to record a change in

Young's modulus of as little as 2,500 dynes/em- per
0.2 mm of displacement. The computer interface
ensures data can be processed and evaluated statisti

cally during surgery.

This force gauge was placed on a lightweight
platform that permits frictionless movement of the

gauge during the measurement process. To facilitate
the device's maneuverability and precise movement

within the glottic area, coarse, intermediate, and mi
crometer adjustments are possible (Fig 1). The mi
crometer tuning adjustment produces precise, small
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RETRACTION
GEAR

DISTAL VIEW
RETRACTION
PLATE

Fig 4. Placement of modified Jako laryngoscope within
glottic area. showing footplate on stimulated vocal fold
and retraction plate on nonstimulated vocal fold.

movements (as little as 0.1 mm) of the tissue contact

footplate.
The deflection bar pivots at its midsection, so that

any deflection or force exerted on the footplate by the
stimulated vocal fold will result in an equal displace
ment or force on the gauge. A mechanical linkage
between the deflection bar and the gauge facilitates
smooth transmission of force, and also minimizes
loss of force from the footplate to the gauge.

Measurement Procedure. Figures 3 and 4 show a

Jako direct laryngoscope, which was modified for
this study by incorporating a small retraction plate
with a long handlebar within the laryngoscope. This

plate is used to retract the nonstimulated vocal fold

away from the deflection footplate. This prevents the
nonstimulated vocal fold from touching the deflec
tion footplate or bar. Any contact between the
nonstimulated vocal fold and the device results in
mismeasurement of the elastic modulus.

The modified Jako laryngoscope was suspended
during the measurement (Fig 5). Use of a suspension
laryngoscope stabilizes the thyroid cartilage and pre
vents unnecessary movement of the larynx. Pilot
studies have shown that laryngeal movement inter
feres with elastic modulus measurement.

A small footplate is located at the end of the
deflection bar. This plate has a surface contact area of
0.04 cm-, and is placed posterior to the midsection of
the vocal folds (Figs 4 and 5). This location reflects
the greatest lateral excursion of the vocal folds during
phonation, and thus is most representative of the
fold's elastic property.P As the recurrent laryngeal
nerve is electrically stimulated with a constant cur

rent, the affected vocal fold deflects the footplate
m�ially and exerts a force on the force gauge.

At the beginning of each measurement, the device

Fig 5. Diagram of modified Jako laryngoscope during its

suspension and stabilization of glottis.

must be initialized by using the intermediate and
micrometer tunings to adjust the footplate, so that the
force exerted on the footplate by the vocal fold is
zero. The resulting position of the footplate at zero

force is defined as the initial zero displacement.

In Vivo Human Study. Five men volunteered for
this study. They ranged in age from 40 to 50. Four of
the 5 subjects had no history of laryngeal lesions or

voice problems, and preoperative indirect laryngos
copy and thorough head and neck examination re

vealed no current laryngeal or voice disorder. One

subject had evidence of a hyperfunctional voice dis

order, characterized by a moderately rough voice and
no laryngeal lesion.

After appropriate research protocol consents were

obtained, the subjects were brought to the operating
room and placed supine on the operating table. Five
milliliters of 1 % Xylocaine was used to infiltrate the

sensory branch of both superior laryngeal nerves to

suppress potential laryngospasm. A slow mask ven

tilation with 3.5% isoflurane-nitrous oxide and 100%

oxygen supplement was used until the subject's depth
ofanesthesia was maximized. Subsequently, the sub

ject underwent orotracheal intubation with an endo
tracheal tube (No.5). Thereafter, 2% isoflurane gas
was used to maintain anesthesia during the measure

ment process. No paralytic agent was used during the

study.
The subject's neck was gently hyperextended,

draped, and prepared for transcutaneous recurrent

laryngeal nerve stimulation. This technique has been
described previously and used relatively safely in
humans.P Two monopolar Teflon-coated needles
were inserted through the skin. One was inserted
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TABLE 1. MEASURED YOUNG'S MODULUS VALVES
FOR THREE STIMULATION LEVELS

High Low
Rest Stimulation Stimulation

Mean 126,616 215,894 191,688
SD 76,349 11,432 111,854
Minimum 24,500 58,800 41,650
Maximum 294,000 441,000 416,500

Data are dynes per square centimeter.

down to the level of the posterior aspect of the left
cricoid cartilage, and 1 was inserted along the left

tracheoesophageal groove inferior to the cricoid car

tilage. These needles conducted various currents from
a nerve stimulator (model S2LH, WR Medical Elec
tronics Co, St Paul, Minn) to stimulate the left recur

rent laryngeal nerve. The nerve was transcutaneously
stimulated at 80 Hz, with 2 different currents (3.8 rnA
and 3.2 rnA); pulse duration was 1.5 milliseconds.

All measurements were made in the subject's left
vocal fold. Three separate measurements of the elas
tic modulus were made: in the fold's resting state; at

a high stimulation level, at which point the left vocal
fold adducted to midline with prominent vocalis

bulging (3.8 rnA); and at a lower stimulation level
(3.2 rnA).

All subjects received 3 blocks of trials (1 per
stimulation condition). The resting condition was

always first, followed by the high stimulation condi
tion and then the low stimulation condition. A rest

period of 3 to 5 minutes separated adjacent stimula
tion conditions to reduce possible effects of vocalis
muscle fatigue. Our previous experience with the in
vivo canine model indicates that this period is suffi
cient.

Within each condition, 2 complete measurement

cycles were made in rapid succession. At the begin
ning of the experiment, the footplate was placed
posterior to the midsection of the vocal fold, and
initialized as described above. The footplate remained
in contact with the vocal fold until the entire experi
ment was completed. The appropriate stimulation
was applied, displacement was increased in 0.5-mm

. steps from 0 to 3.0 mm, and force was measured for
each displacement level. The device was then reset to

zero, and the sequence ofmeasurement was repeated.
The 2 sets of measurements within a condition lasted
less than 25 seconds.

At each increment, the vocal fold exerted different
forces on the footplate. These forces reflect the
inherent elastic property of the tissue at that given
tissue displacement (stretch). Force values were re

corded and processed by the computer to derive
values of Young's modulus as follows. First, the

measured mass at each displacement level was mul

tiplied by the constant 980 cm/s2 to derive force

(mass multiplied by acceleration). Stress was then
calculated by dividing the force at each displacement
by the area of the footplate (0.04 cm-), Next, differ
ential stress (�Stress) was calculated by using the
formula (F - Fo)/A, where F is force at the current

displacement, Fo is force at the previous displace
ment, and A is the area of the footplate. Similarly,
strain was calculated as (x - xi)/xi, where x is the
current displacement and xi is the previous displace
ment. The differential Young's modulus is the ratio
of differential stress to strain, or �Stress divided by
Strain.

RESULTS

To determine how well in vivo measurements of

Young's modulus could be reproduced, we examined
the correlation between the first and second measure

ments at each displacement and stimulation level, for
the group as a whole and within each subject. The
different stimulation conditions were combined for
this analysis. For the group as a whole, Pearson's r

was .84; values for individual subjects ranged from
.97 to .79 (all correlations significant at p < .05).
These values indicate very good measurement repli
cability, and suggest that the device may be used

reliably to measure vocal fold elasticity in vivo.

Table 1 gives the mean, standard deviation, and

ranges of Young's modulus values for the 3 stimula
tion conditions. Measurements are in dynes per square
centimeter. A 2-way (stimulation condition by sub

ject) analysis of variance using the differential

Young's modulus as the dependent variable showed

significant differences among stimulation conditions

(F2,135 = 9.42, P < .05), no significant differences
between subjects (F4,135 = 0.09, p > .05), and no

significant interaction between subjects and condi
tions (FS,135 = 0.08, p > .05). Post-hoc Scheffe com

parisons showed that the resting condition differed

significantly from high stimulation (p < .01) and
from low stimulation (p < .01); the high and low
stimulation conditions did not differ significantly
from one another (p = .53) .

Figure 6 shows the relationship between the differ
ential Young's modulus and vocal fold displacement.
Young's modulus increased in a linear fashion with

displacement, for all stimulation conditions (for the

resting state, Fl,53 = 532.12; P < .05, r2 = .91; for

high stimulation, Fl,53 = 295.00, P < .05, r2 = .85;
and for low stimulation, FI,53 = 166.56, p < .05,
r2 = .76).

DISCUSSION

Our results demonstrate that the new device pro-
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Fig 6. Graph of vocal fold displacement versus

differential Young's modulus.
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duces reliable in vivo measurements of the differen
tial Young's modulus. The measurements did not

differ significantly among speakers, suggesting that
similar stimulation conditions will result in compa
rable changes in elasticity across individuals. Al

though our results must be considered preliminary,
findings of consistent responses across subjects may
make it possible to derive standardized target values
for Teflon augmentation surgery. The availability of
such values might improve the outcomes of phono
surgery.

In the present study, we found that Young's modu
lus increased in a linear fashion with vocal fold dis

placement, at all levels of stimulation. Across stimu
lation levels, the elastic modulus values for the vocal
fold at rest differed significantly from those mea

sured under transcutaneous stimulation, but the 2
different stimulation levels did not differ signifi
cantly from one another. There are several possible
explanations for this finding. First, fatigue effects

may be present. The stimulation levels were not

randomized in this study; instead, all subjects re

ceived the different conditions in the same order (rest,
high stimulation, and low stimulation). This strategy
ensured that differences among subjects were not

confounded with presentation order, adding credibil

ity to our finding that subjects did not differ in
modulus values at any stimulation level. However,
Table 1 shows that modulus values were much more

variable in the low stimulation condition (which
occurred last) than under high stimulation. This sug
gests that subjects differed in the extent to which

fatigue affected them. Had measurements in the low
stimulation condition varied less, differences be
tween the 2 stimulation conditions might have reached
statistical significance.

It is also possible that stimulation levels did not

differ sufficiently to produce reliable differences in
the Young's modulus values. The stimulation levels

Displacement vs. �Young's Modulus

-.g-- Resting
-- Current 3.2 mA
----tI--- Current 3.8 mA

1.5 2.5 3.5

Displacement (mm)
were chosen by observing the effect ofstimulation on

the vocal folds: stimulation at 3.8 rnA consistently
produced adduction to midline with prominent vocalis

bulging, while stimulation at 3.2 rnA resulted in
visible relaxation of the folds. However, the current

actually delivered to the nerve via transcutaneous

stimulation may have differed from that generated by
the stimulator; further, ceiling effects may have been

present, with 1 or both stimulation levels producing
contractions near the fold's physiologic limit. Our

ability to separate these factors is limited in the in
vivo model. However, further studies controlling for

presentation order effects are clearly indicated.

This study represents the first attempt to measure

Young's modulus in vivo. In the present study, the in
vivo transverse elastic properties of body and cover

tissues were reported as 1 entity. Because tissue
exists in 3 dimensions, it potentially has different

longitudinal, vertical, and transverse elastic mod
uli.2,4,24,25 Previous studies have generally measured
the elastic modulus in the longitudinal plane (ante
rior-posterior direction), which is the most isotropic.
However, this modulus cannot be measured in the in
vivo state because of the anterior and posterior at

tachments ofthe vocal folds. The transverse modulus
can be measured in vivo without harm to the subject.
Further, the differential transverse modulus is a dy
namic measurement, and reflects the change in the
vocal fold elasticity at any given tissue displacement.
Finally, most of the vocal fold tissue wave movement

is in the transverse direction (although the traveling
wave motion in the vocal fold is in the vertical

dimension). These factors combine to make the trans

verse modulus a logical choice for measurement in
vivo.

Moduli reported in this study were much smaller
than the values of the longitudinal modulus reported
previously by Kakita et al.2 Our values also differ
from those of Alipour-Haghighi and Titze.l? who
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TABLE 2. ESTIMATION OF WAVE VELOCITY VALVES
USING CALCULATED DIFFERENTIAL YOUNG'S

MODULUS

High Low
Rest Stimulation Stimulation

Mean 338.1 446.8 418.3
SD 112.0 129.0 130.6
Minimum 156.5 242.5 204.1
Maximum 542.2 664.1 645.4

Data are centimeters per second.

reported longitudinal Young's moduli for the body
and cover of 20.7 kilopascals and 41.9 kilopascals,
respectively, at low strain (0% to 15%). These values
are at least 4 to 5 times higher than our measurements,
regardless of the stimulation current on the affected
vocal fold. These differences were probably due to

the sensitivity of our device, the choice of Young's
elastic modulus, and the in vivo technique of mea

surement. That the transverse moduli also increased

linearly with displacement suggests a low strain

range (strain < 15%) of vocal fold tissue deforma
tion. This may be significant in that the vocal folds

operate mostly at low strains during phonation. 18

This study measured Young's modulus in subjects
under general anesthesia. Many phonosurgical tech

niques are currently performed under local anesthe
sia in awake patients. This device is not practically
suited to such operations. A noninvasive technique to

estimate the stiffness of the vocal folds should cer

tainly be the subject of future investigation. The data
from the present study provide valuable norms to

which results of future studies may be compared.
Toward this end, it is important to emphasize that
measurement of Young's modulus values should

permit the calculation of traveling wave velocity by
the formula Traveling wave velocity = (Young's
modulus/tissue density) 112.

The traveling wave velocities calculated from our

measurements are given in Table 2. The traveling
wave velocity has been observed to change in some

laryngeal disorders that affect vocal fold stiffness,
such as unilateral recurrent laryngeal nerve paraly
sis.26 A method of measuring wave velocity in vivo
has obvious implications for the diagnosis and treat

ment of such disorders.

ACKNOWLEDGMENTS - The authors thank Pavel Dulgarov, MD, for valuable suggestions; Manuel Natividad and Robert Block, MD, for help in

sample preparation and in the device testing process; David Osborn for mechanical and engineering contributions; and Katsuichi Doi for technical
illustrations.

REFERENCES

1. Vennard JK. Elementary fluid mechanics. 2nd ed. New
York, NY: John Wiley & Sons, 1947.

2. Kakita Y, Hirano M, Ohmaru K. Physical properties ofthe
vocal fold tissues: measurement on excised larynges. In: Stevens
KN, Hirano M, eds. Vocal fold physiology. Tokyo, Japan:
University of Tokyo Press, 1981:377-97.

3. BaerT. Investigation ofphonatory mechanism. In: Ludlow
CL, O'Connell M, eds. Proceedings of the Conference on the
Assessment of Vocal Pathology. Rockville, Md: ASHA Report,
1979;11:38-47.

4. Titze IR. Biomechanics and distributed mass models of
vocal fold vibration. In: Stevens KN, Hirano M, eds. Vocal fold

physiology. Tokyo, Japan: University ofTokyo Press, 1981 :245-
70.

5. Titze IR. The physics of small amplitude oscillations of
the vocal folds. J Acoust Soc Am 1988;80:1532-6.

,

6. Titze IR. On the relation between subglottal pressure and
fundamental frequency in phonation. J Acoust Soc Am 1989;
85:901-6.

7. Anathapadmanabha TV, Fant GI. Speech production:
calculation of the true glottal flow and its components. Speech
Transmission Laboratory - Quarterly Progress and Status Re

port, Sweden, 1, 1982.

8. Flanagan Jl., Some properties of the glottal sound source.

J Speech Hear Res 1958;1:99-116.

9. Trapp TK, Berke GS, Bell TS, Hanson 00 , Ward PH. The
effect of vocal fold augmentation on laryngeal vibration in
simulated recurrent laryngeal nerve paralysis: a study of Teflon
and Phonogel. Ann Otol Rhinol Laryngol 1989;98:220-7.

10. HiranoM, Structure and vibratory behavior of the vocal

fold. In: Sawashima M, Cooper FS, eds. Dynamic aspects of

speech production. Tokyo, Japan: University ofTokyo, 1977:13-
30.

11. Hirano M. Phonosurgery: basic and clinical investigation.
Otol Fukuoka (Jibi To Rinsho) 1975;21:239-440.

12. Saito S, Fukuda H, Kitahara S, et al. Pellet tracking in the
vocal fold while phonating - experimental study using canine

larynges with muscle activity. In: Titze IR, Scherer RC, eds.
Vocal fold physiology: biomechanics, acoustics and phonatory
control. Denver, Colo: Denver Center for the Performing Arts,
1985:169-82.

13. Titze IR, Talkin DT. A theoretical study of the effects of
various laryngeal configurations on the acoustics ofphonation. J
Acoust Soc Am 1979;66:60-74.

14. Ishizaka K, Kaneko T. On equivalent mechanical con

stants of the vocal cords. J Acoust Soc Jpn 1968;24:312-3.
15. Perlman AL, Titze IR, Cooper DS. Elasticity of canine

vocal fold tissue. J Speech Hear Res 1984;27:212-9.
16. Perlman AL, Titze IR. Measurement of viscoelastic prop

erties in live tissue. In: Titze IR, Scherer RC, eds. Vocal fold

physiology: biomechanics, acoustics and phonatory control.
Denver, Colo: Denver Center for the Performing Arts, 1985:273-
81.

17. Alipour-Haghighi F, TitzeIR. Elastic models ofvocal fold
tissues. J Acoust Soc Am 1991;90:1326-31.

18. Hollien H. Vocal pitch variation related to changes in
vocal fold length. J Speech Hear Res 1960;3: 150-6.

19. Fukuda H, Muta H, Kahou S, et al. Response ofvocal folds
to externally induced vibration: basic study and its clinical

application. In: Baer T, Sasaki C, Harris K, eds. Laryngeal



Tran et ai, In Vivo Young's Modulus 167

in phonation and respiration. San Diego, Calif: College-Hill
Press, 1987:366-77.

20. Lejeune FE Jr. Vocalligametry. Update. Ann Otol Rhinol

Laryngol 1987;96:597-600.
21. Berke GS, Trapp TK, Gerratt BR, Hanson 00. An accu

rate method of Teflon injection using functional phonosurgery.
Arch Otolaryngol Head Neck Surg 1988;114:1321-3.

22. Hirano M, Matsuo K, Kakita Y, Kawasaki H, Kurita S.
Vibratory behavior versus the structure of the vocal fold. In: Titze
IR, Scherer RC, eds. Vocal fold physiology: biomechanics,
acoustics and phonatory control. Denver, Colo: Denver Center

for the Performing Arts, 1985:26-40.

23. Sanders I, Aviv J, Biller H. Transcutaneous electrical
stimulation of the recurrent laryngeal nerve. Otolaryngol Head
Neck Surg 1986;95:152-7.

24. Achenbach ID. Wave propagation in elastic solids. Am

sterdam, the Netherlands: Elsevier Science Publications, 1987.

25. Bland DR. Wave theory and applications. Oxford, En

gland: Oxford University Press, 1988.

26. Sloan S, Berke G, Gerratt D. The effect of asymmetric
laryngeal stiffness on traveling wave velocity in the canine

larynx. Otolaryngol Head Neck Surg 1992;107:516-26.



CORRELATION BETWEEN THE LARYNGEAL BRAIN STEM
EVOKED RESPONSE AND THE LARYNGEAL CHEMOREFLEX

IN THE PORCINE MODEL
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The laryngeal brain stem evoked response (LBR) represents the neural activity involved in laryngeal reflex pathways. The laryngeal
chemoreflex (LCR) is a centrally mediated response consisting of apnea and hemodynamic changes that result from laryngeal
stimulation. The purpose of this study is to determine the characteristics of the LBR that are predictive of LCR severity in the porcine
model. The duration ofapnea resulting from stimulation ofthe supraglottic larynx defined LCR severity. TheLBR tracings were recorded
from electrodes flanking the brain stem following direct electrical stimulation of the superior laryngeal nerve. The LBR peak latencies
from piglets demonstrating prolonged LCR apnea were compared to those without an exaggerated LCR response. Two LBR peak
latencies demonstrated a statistically significant difference between the two piglet groups. These peak latencies appear to be indicators
of susceptibility to exaggerated laryngeal reflex sensitivity. Thus, the LBR may prove useful in identifying and evaluating subjects
predisposed to conditions associated with dysfunctional laryngeal reflex activity.

KEY WORDS - brain stem, chemoreflex, evoked potentials, larynx, sudden infant death syndrome, superior laryngeal nerve.

INTRODUCTION

Laryngeal reflexes play an important role in respi
ratory control and pulmonary protection from aspira
tion. Mechanical or chemical stimulation of the

supraglottic mucosa or direct electrical stimulation of
the superior laryngeal nerve (SLN) may result in
either orboth of two responses (Fig 11). The laryngeal
adductor response causes glottic closure.s-' The sec

ond response, the laryngeal chemoreflex (LCR), re

sults in centrally mediated apnea, hemodynamic insta

bility, and swallowing." There is evidence that path
ologic laryngeal reflexes are responsible for several
disorders, including idiopathic laryngospasm, spas
modic dysphonia, "reflex" apnea, apnea of infancy,
and sudden infant death syndrome (SIDS).5-7

Susceptibility to the profound effects of the LCR is
related to the age of the animal.8,9 Stimulation of the

supraglottic area or direct electrical stimulation of the
SLN during a critical period of postnatal develop
ment has been shown to result in fatal apnea. In the

porcine model, apnea is most pronounced in the 4- to

29-day age range, and fatal apnea is confined to

piglets less than 3 weeks old. Similar age-related
changes in responsiveness to laryngeal stimulation
have been found in several animal models, including
the calf, dog, cat, and monkey.l0-13 Data have been

collected in premature human infants that suggest the
existence of an LCR response.l+ Thus, it seems that
a critical yet transient period of postnatal develop
ment exists during which laryngeal stimulation may
result in fatal apnea in susceptible neonatal animals.

Nodose
Ganglion

LeR
Apnea

..... Hemodynamic Changes
Swallowing

\

\
\

"--M
-+�-L-A-R---'·U Glottic closure

Larynx

Fig 1. Diagrammatic representation of laryngeal reflexes
resulting from supraglottic or direct superior laryngeal
nerve (SLN) stimulation. RLN - recurrent laryngeal
nerve, LCR -laryngeal chemoreflex, LAR -laryngeal
adductor response. (Reprinted with permission.')
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TABLE 1. LARYNGEAL BRAIN STEM EVOKED RESPONSE PEAKS IN MATURE PIGLETS
.

Latency Range Mean Latency % Coefficient
Wave (ms) (ms) SD Occurrence of Variation N

PI 0.93-1.61 1.24 0.19 71 0.16 44

Nl 1.52-2.10 1.82 0.13 85 0.07 53
P2 2.20-2.69 2.52 0.16 15 0.06 9
N2 2.98-3.18 3.05 0.10 11 0.03 7

P3 2.73-4.09 3.37 0.36 65 0.11 40

N3 3.98-5.23 4.71 0.38 18 0.08 11

P4 4.45-5.60 4.97 0.54 6 0.11 4

N4 5.13-6.20 5.47 0.37 13 0.07 8
P5 5.90-6.50 6.25 0.23 27 0.04 17

N5 6.09-7.38 6.86 0.29 27 0.04 17
P6 6.69-8.06 7.16 0.49 15 ' 0.07 9
N6 7.67-8.16 7.89 0.22 6 0.03 4

Modified from Cohen et aI.1

This mechanism of fatal apnea is one of the putative
causes of SIDS.

In the piglet, age-related changes in laryngeal
reflexes do not appear to result from variations in
either the peripheral receptor or the myelinization of
the SLN.15 Instead, maturational changes involving
the brain stem nuclei controlling respiration are be
lieved to be responsible for the age dependence of the
LCR. Anatomic studies of the SLN have demon
strated maturational postnatal variations in its projec
tions to respiratory center nuclei that parallel changes
in the apneic and cardiovascular response of the
LCR.9 These brain stem nuclei may play an integral
role in mediating pathologic laryngeal reflexes, and
an objective measurement of the brain stem activity
following SLN stimulation may provide valuable

insights into the pathophysiology of laryngeal reflex
dysfunction.

In 1987, Isogai et al16 described a method to elicit

averaged electrical activity evoked by SLN stimula
tion from the brain stem using a far-field recording
technique in adult cats. They designated these record

ings the laryngeal brain stem evoked response (LBR).
The signal to noise ratio is improved by signal aver

aging, similar to auditory brain stem evoked response
testing. The response signal component, which is

synchronized to the stimulus, can be amplified and
extracted from the noise component. If the neuro

electrical activity of the nuclei evoked by the laryn
geal reflex is organized and synchronized to the
excitation of the SLN, the brain stem response can be
recorded. Isogai et al recorded four positive and four

negative peaks in the feline LBR, with latencies

ranging from 0.5 to 5.5 milliseconds. Anonsen et al!?
and Lalakea et aIlS further defined the LBR in adult
and infant cats.

The porcine LBR was initially described in mature

piglets (30 to 45 days of age) in our laboratory. I The
normative data in these piglets are presented in Table

1.1 These results were obtained in an identical man

ner to that used in this paper, employing a recording
montage similar to that used by Anonsen et al.!?
Although there was considerable variability in some

of the peak latencies, six positive and six negative
waves were identified, with a latency range from 1.2
to 7.9 milliseconds. The most reproducible compo
nents were PI, N1, and P3. Even though these previ
ous studies have helped define the LBR response, the

physiologic correlates of the LBR have not been
addressed.

The purpose of this study was to measure the

magnitude of the LCR response and record the LBR
in neonatal piglets. A comparison of LCR and LBR

responses was made to determine whether LBR trac

ings correlated with LCR severity. Maturational

changes in the brain stem nuclei responsible for
differential LCR responses should be manifested as

variations in LBR latencies. Therefore, LBR peak
latencies in piglets susceptible to prolonged LCR

apnea and piglets that do not demonstrate an exagger
ated response were compared. The LBR, if shown to

be a reliable indicator of laryngeal reflex sensitivity,
may then serve as a mechanism for identifying and

evaluating subjects predisposed to pathologic laryn
geal reflexes.

METHODS

Experimental Setup. Mixed breed piglets, 7 to 14

days of age (1.5 to 4 kg) and 30 to 45 days of age (7
to 12 kg), were premedicated with intramuscular
Telazol (6 mglkg), Rompun (3 mglkg), and atropine
sulfate (0.04 mglkg). Anesthesia was maintained
with intramuscular ketamine hydrochloride (10 mgt
kg) every 30 minutes. A heating pad, femoral arterial
and venous catheters, and a rectal thermometer were

placed. Periodically, blood was taken from the arte

rial line to measure the P02, PC02, and oxygen
saturation. The larynx and trachea were exposed
through a vertical midline cervical incision. The
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Trachea

Fig 2. General animal preparation. Laryngeal chemoreflex
(LCR) was elicited by supraglottic stimulation with water.

Laryngeal brain stem evoked response (LBR) was re

corded from pharynx-cervical (C3) montage after stimu
lation of superior laryngeal nerve (SLN). Thyroarytenoid
(TA) muscle electromyographic response (EMG) was

also obtained. !NT - internal, EXT - external. (Modi
fied from Cohen et al.')

trachea was entered below the second ring. A cuffed
endotracheal tube was inserted into the distal trachea
and connected to a Sechrist model 400 airway pres
sure monitor to detect respiratory effort. The blood

pressure, heart rate, and respiratory rate were re

corded with a Hewlett Packard model 7754B chart
recorder.

Laryngeal Chemoreflex Determination. The LCR
responses were elicited in two age groups of piglets:
30 to 45 days ofage and 7 to 14 days ofage. These age
groups were chosen because piglets in the younger
age range are at risk for prolonged LCR-induced
apnea, while the older piglets are not. The endotra
cheal tube cuff was inflated to create a closed circuit
between the lungs and the airway pressure monitor. A

syringe was inserted through the glottis into the

supraglottic region, and 5 mL of distilled water was

delivered to the supraglottic mucosa. The syringe tip
sealed off the subglottis, restricting the water to the

supraglottic area. This stimulation elicited the LCR
(Fig 21). The duration of apnea was measured after
each injection. Stimulations were performed under
both normoxic (arterial oxygen saturation greater
than 90%) and hypoxic (arterial oxygen saturation
less than 70%) conditions. The distilled water was

suctioned from the supraglottic region before each
stimulation. The piglets were allowed to return to a

baseline physiologic state between stimulations. The
mean from the three stimulations provided the LCR

apnea duration in each piglet. A paired t test was used
to determine if a significant difference in apnea
duration existed between normoxic and hypoxic
stimulations. After the LCR data were collected each

piglet underwent LBR measurement.

LaryngealBrain Stem Evoked Response Measure
ment. Previous LBR testing had been performed in
older piglets to define the adult response (Table 1).
Therefore, only piglets 7 to 14 days of age underwent
LBR testing. Identical methods that had been used

effectively in the prior piglet LBR study were em

ployed. The left SLN was isolated and the thyrohyoid
membrane was divided. Grass type E2 platinum
subdermal needle electrodes were used to record the
brain stem activity and electromyography (EMG)
response (Fig 2). The noninverting (active) electrode
(P) was placed into the posterior pharyngeal wall.
The reference electrode (C3) was secured in the
subcutaneous tissue of the posterior neck at the level
of the third cervical vertebra. This electrode pair
formed a pharynx-C3 (P-C3) recording montage ad

jacent to the caudal brain stem. Two electrodes were

inserted into the left thyroarytenoid muscle for EMG

recordings. A ground electrode was placed in the left
lower extremity. Two Teflon-insulated platinum
iridium wires (Medwire 3T) were hooked around the
internal branch of the left SLN to provide bipolar
stimulation to the afferent limb of the reflex arc. A

Bio-Logic Navigator Electrodiagnostic Testing Sys
tem was used to deliver the electrical stimulus to the
SLN and to record both the brain stem response from
the P-C3 electrode montage and the thyroarytenoid
EMG following stimulation.

In the unparalyzed state, evoked compound motor

potentials from the thyroarytenoid muscle were used
to demonstrate an intact laryngeal reflex arc in each

piglet. This EMG response served as a positive con

trol by documenting the adequacy of the SLN stimu
lus to activate laryngeal reflex efferents. These re

cordings were also used to determine the complete
ness of muscular paralysis. Monopolar rectangular
pulses (0.1 millisecond) of alternating polarity were

delivered at a rate of 11/s. The constant current
stimulation intensity was varied from ° to 12 mA, and
each averaged LBR response was derived from 1,500
sweeps. The activity recorded by the P-C3 montage
was amplified 100,000 times. The compound motor

potentials from the thyroarytenoid muscle were am

plified 500 times. Both responses were filtered with
a band pass of 10 to 1,500 Hz. A relatively low high
pass filter setting was selected to avoid the ringing
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Fig 3. Laryngeal chemoreflex (LCR) apnea duration in
neonatal piglets. A) Normoxic conditions. B) Hypoxic
conditions.

artifact derived from the electrical stimulus.

Initial LBR recordings were attempted while each

piglet was spontaneously breathing. This stimulation
resulted in complete apnea in every piglet, requiring
resuscitation with artificial ventilation. Recordings,
therefore, could not be completed in the spontane
ously breathing state. The piglets were then com

pletely paralyzed with intravenous pancuroniumbro-

P

Amplitude
(1.50uV/div)

o

A Latency (2ms/div)

mide (0.3 mg/kg) and mechanically ventilated with a

Harvard respiration pump (model 607). All record

ings were obtained in the paralyzed condition. After
LBR data collection, the SLN was transected proxi
mal to the stimulating electrodes, and the stimulation
was repeated. This provided a negative control and
served to isolate the stimulus artifact.

The LBR consisted of positive (PI, P2, etc) and

negative (NI, N2, etc) peaks following the stimulus
artifact (PO, NO). Only those peaks that were unani

mously judged significant by three of the authors
who independently analyzed the tracings were con

sidered. A series of consecutive latency intervals
were defined. In order to be consistent with peak
numbering and allow for meaningful intersubject
comparisons, waves were labeled according to the

latency interval in which they occurred. For example,
positive peaks occurring in the 2.7 to 4.7 millisecond

range were designated as P3. Simple linear regres
sion analysis was used to evaluate the effect of

varying the stimulus intensity on LBRpeak latencies.

To determine the most consistent LBR peak laten

cies, the occurrence rate of each peak and the coeffi
cient ofvariation for its latency were calculated. The
LBR data from piglets susceptible to prolonged LCR

apnea were analyzed separately from the data in

piglets without an exaggerated LCR response. This
enabled a comparison to be made between the LBR

findings for these two groups of piglets. Analysis of
variance was performed to determine whether there
were significant differences in the LBR peak laten
cies between neonatal piglets demonstrating pro-

PO

Amplitude
(1.50uV/div)

NO

B
o

Latency (2ms/div)

Fig 4. Laryngeal brain stem evoked responses obtained in paralyzed, normoxic, eucapneic state in neonatal piglets.
A) Stimulation of intact superior laryngeal nerve (SLN). P - positive peak, N - negative peak. B) Stimulation of
SLN after transection. PO, NO - stimulus artifact.
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TABLE 2. LARYNGEAL BRAIN STEM EVOKED RESPONSE PEAKS IN PIGLETS BY GROUP

Latency Range Mean Latency % Coefficient
Wave (ms) (ms) SD Occurrence of Variation N

Group A
PI 0.93-1.42 1.14 0.16 72 0.14 36
N1 1.22-2.20 1.61 0.21 72 0:13 36
P2 1.90-2.49 2.15 0.16 36 0.07 18
N2 2.49-2.98 2.76 0.12 38 0.04 19
P3 3.08-4.74 3.73 0.51 62 0.14 31
N3 3.47-4.93 4.39 0.54 18 0.12 9
P4 5.03-5.42 5.13 0.17 10 0.03 5
N4 5.32-6.20 5.59 0.22 2(i 0.04 13
P5 6.01-6.50 6.25 0.20 8 0.03 4
N5 6.20-7.08 6.55 0.31 14 0.05 7
P6 6.79-8.25 7.33 0.47 30 0.07 15
N6 7.57-8.94 8.23 0.53 28 0.06 14

GroupB
PI 0.73-1.61 1.16 0.21 70 0.18 41
N1 1.13-2.30 1.64 0.28 70 0.17 41
P2 1.71-2.59 2.26 0.21 61 0.09 36
N2 2.59-3.00 2.80 0.12 53 0.04 31
P3 2.98-4.00 3.40 0.30 44 0.09 26
N3 3.47-4.93 4.50 0.46 44 0.10 26
P4 4.45-5.32 4.98 0.30 27 0.06 16
N4 5.03-5.71 5.38 0.23 24 0.04 14

P5 5.71-6.50 6.15 0.22 54 0.04 32
N5 6.40-7.67 6.94 0.41 34 0.06 20
P6 6.79-8.00 7.33 0.50 20 0.07 12
N6 7.38-8.94 8.28 0.50 37 0.06 22

longed LCR apnea and those with a less pronounced
response. Homoscedasticity was assured by Bartlett's.
test for homogeneity of group variances. The com

parison of means with unequal variances was per
formed with Welch's approximate t test. Tukey's
procedure was used to control for the effects of

multiple comparisons.

RESULTS

The apneic range for piglets 30 to 45 days old
stimulated under normoxic conditions was 8 to 15
seconds. The mean for these piglets was 13 seconds.
The range and mean for hypoxic stimulations in this
group were 6 to 13 seconds and 12 seconds, respec
tively. In these mature piglets the duration' of apnea
obtained under normoxic conditions did not differ
significantly from that associated with hypoxic stimu
lations.

The apneic range for piglets 7 to 14 days old
stimulated under normoxic conditions was 10 to 120
seconds. The mean and SD were 40 seconds and 36.6,
respectively. During hypoxic conditions the apneic
range was 1 to 120 seconds, with a mean of 17.9
seconds and an SD of 26.3. This decrease in apnea
duration noted in younger piglets under hypoxic
conditions, compared to normoxic stimulations, was

highly significant (p = .004; Fig 3).

The youngerpiglets (7 to 14 days old) were divided
into two distinct groups based on their individual
normoxic LCR apnea duration. Group A consisted of

piglets with a mean apneic period ofless than or equal
to 26 seconds. There were 10 piglets in this group.
The remaining piglets, group B, all had a mean apnea
duration of greater than 26 seconds, which was be
lieved to represent an abnormally prolonged LCR

response. There were 9 piglets in this group. The
cutoff of 26 seconds was selected because it was the
median value for the neonatal piglets and was twice
the mean LCR apnea duration for older piglets (30 to

45 days old), who are not susceptible to prolonged
apnea.

Only the younger piglets underwent LBR testing.
All these piglets demonstrated clear and robust LBR

tracings. These waveforms consisted of a series of

positive and negative peaks representing laryngeal
reflex pathway activation that followed the stimulus
artifact, as shown in Fig 4. Also illustrated in this

Figure is the effect ofsectioning the SLN proximal to

the stimulating electrodes. Only the initial peaks (PO,
NO) corresponding to the stimulus artifact remain
after transection. Table 2 lists the individual peaks
identified, along with their absolute latency range,
mean latency, and SD. Absolute peak latencies were

the primary focus of attention, since it was hypoth-
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TABLE 3. LATENCY COMPARISONS

Near-Field
Present Study Studies

Latency Latency
Generator Source Wave (ms) (ms)
Ipsilateral vagus nerve PI 1.1 1.1 ± 0.920

N1 1.6

Solitary tract nucleus P2 2.2 2-421•23
N2 2.8
P3 3.4-3.7

Nucleus ambiguus N3 4.4 5_822•24
P4 5.1
N4 5.6
P5 6.2

Reticular formation N5 6.6-7.0 721
P6 7.3
N6 8.2

esized that variations in laryngeal reflex sensitivity
may correlate with characteristic wave latency
changes. Wave amplitudes were too highly variable,
even under identical stimulus conditions in the same

piglet, for reliable comparisons. Since changes in

suprathreshold stimulus intensity produced negli
gible variation in the peak latencies, all LBR trials
were grouped according to physiologic condition for
further evaluation.

In an earlier study! defining the piglet LBR in this

laboratory, it was shown that muscular artifact sig
nificantly altered the LBR waveforms. Therefore, for

comparison purposes in this study, onlyLBR tracings
obtained under paralyzed conditions were evaluated.
A total of 109 LBR tracings were recorded. The
waveform illustrated in Fig 4 represents a character
istic tracing obtained in the paralyzed, normoxic,
eucapneic state. A total of six positive (PI through
P6) and six negative (Nl through N6) peaks were

detected in the LBR waveforms obtained in this

physiologic state. However, there was considerable

inconsistency in the configuration of some of these

peaks.
To determine the intersubject reproducibility of

thecomponentLBRwaves in theparalyzed, normoxic,
eucapneic state, the frequency of peak occurrence

and the coefficient of variation for its latency were

calculated. These data are presented in Table 2. Fifty
tracings were analyzed in the piglets that did not
exhibit an exaggerated LCR apneic response (group
A). The coefficient of variation for all component
peak latencies was less than 0.2; however, only PI,
Nl, and P3 were present in greater than 40% of the

tracings. Fifty-nine tracings from piglets susceptible
to prolonged LCR apnea (group B) were evaluated.
While all the peak latencies had a coefficient of
variation less than 0.2, only waves PI, Nl, P2, N2,
P3, N3, and PS occurred in more than 40% of the

observations.

When LBR peak latencies from piglets in group A
were compared to those in group B, the following
results were observed. For most of the peaks there
was no significant difference in latency between the
two groups of piglets. Only P3 and NS latencies
differed significantly between the two groups: P3 had
a mean latency of 3.73 milliseconds with an SD of
O.SI in group A and a mean latency of 3.40 millisec
onds with an SD of 0.30 in group B; and NS, with a

mean latency of6.SS milliseconds and an SD of 0.31
in group A, had a mean latency of 6.94 milliseconds
with an SD of 0.41 in group B.

DISCUSSION

Laryngeal reflexes provide some control over res

piration and protection from aspiration. These func
tions are vital to the survival of the organism, but
under certain circumstances these reflexes can be
come pathologic and lead to several disorders. A

hyperactive laryngeal adductor response can cause

spasmodic dysphonia. The LCR, which results in

centrally mediated apnea, hemodynamic changes,
and swallowing following laryngeal stimulation, may
become pathologic in susceptible subjects, resulting
in prolonged or fatal apnea.4,19There is evidence that
an exaggerated LCR response may underlie several
disorders, including "reflex" apnea, apnea of in

fancy, and SIDS.5-7

A reliable method of evaluating laryngeal reflex

sensitivity could prove useful for studying subjects
afflicted with disorders related to laryngeal reflex

dysfunction. Currently, no noninvasive recording
method has been shown to correlate with laryngeal
reflex activity. The LBR, which represents the reflex
neural activity following direct electrical stimulation
of the SLN, may fill this role. The goal of this study
was to determine whether the LBR could serve as an

accurate indicator of laryngeal reflex function.

In this study, the degree ofapnea resulting from the
LCR response served as a barometer of laryngeal
reflex sensitivity. The LCR apnea duration was mea

sured during both normoxic and hypoxic conditions.
Prior LCR studies revealed a tendency toward pro
longed apnea when the response was elicited in
various animal models under conditions of reduced

oxygen exposure.s? Therefore, hypoxic recordings
were obtained in the present study in order to detect
a latent exaggerated LCR response that might not
have been revealed ifonly normoxic stimulations had
been performed. In contrast to previous reports, the

degree of apnea recorded in the neonatal piglets (7 to
14 days old) during hypoxic conditions was signif
icantly less than that observed during normoxic stimu-
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lations. This result is consistent with physiologic
principles. Hypoxemia normally acts as an impetus to

increase respiration. Therefore, it is reasonable to

expect that reflex responses resulting in apnea would
be blunted during hypoxic conditions. The reasons

for the differences observed in this study when com

pared to prior reports are unclear, but may be related
to the method of stimulation or the technique used to

quantify the LCR response.

Prior studies have revealed that older piglets have
less LCR apnea than younger piglets, with prolonged
or fatal apnea restricted to piglets less than 21 days
0Id.5,8 Within the younger piglet group, there are

those that appeared particularly susceptible to pro
longed apnea. The findings in the present study were

consistent with prior reports. The apnea duration in
mature piglets was relatively brief, while neonatal

piglets typically displayed a more pronounced apneic
response. The LCR apnea duration under normoxic
conditions was used to divide these younger piglets
into two distinct groups: piglets demonstrating pro
longed apnea and those exhibiting a less pronounced
response. Since maturational changes involving brain
stem nuclei controlling respiration are believed to be

responsible for the differences in LCR apnea, it is
reasonable to expect that a measurement of this brain
stem activity, such as the LBR, might differentiate
between these two groups of younger piglets.

In this study, the averaged brain stem activity
elicited by SLN stimulation was recorded. The same

electrode montage and similar stimulus parameters
that had been found effective for recording laryngeal
evoked potentials in a prior piglet study were used.
The waveforms obtained in this study are believed to

representLBR neural activity initiated by SLN stimu
lation for the following reasons. First, the initial peak
occurred after SLN stimulation in each observation.
Consistent responses to stimuli of alternating polari
ties suggest that these waves represent nonrandom

activity triggered by SLN stimulation. The latency of
the peaks preceded the thyroarytenoid compound
motor potential response, thereby placing them in the

appropriate time epoch. Transection of the SLN abol
ished all the peaks, except those consisterit with the
stimulus artifact. Finally, that the waveforms per
sisted despite complete muscular paralysis suggests
a neurogenic origin for the peaks.

The LBR tracings consisted ofseveral positive and

negative peaks within a 0.1 to 9.0 millisecond latency
range. A comparison of the far-field data in this study
withpriornear-field reports followingelectrical stimu
lation of the SLN allows speculation as to the gene
rator sources of the LBR peaks, as shown in Table
3.20-24 All LBR peaks fell within the expected latency

range for neural activity following SLN stimulation,
as revealed in the near-field recordings. Neverthe
less, the relationships between the LBR peaks and

generator sources are merely suggestive, since firm
conclusions regarding the anatomic sources of the
LBRpeaks would require lesiori studies or stereotactic

recordings from generators along the reflex pathway.

The most frequently occurring LBR peaks were

PI, N1, and P3 in group A piglets and PI, N1, P2, N2,
P3, N3, and P5 in group B. In both groups there were

several other waves present in a smaller percentage of

tracings at consistent latencies. Similar observations
were demonstrated in an earlier LBR study of older

piglets (30 to 45 days), in which only one fourth of the

peaks were present in greater than 50% of the trac

ings, as seen in Table 1. The fact that the less fre

quently detected waves in younger and older piglets
occurred at such characteristic and reproducible la
tencies suggests that they, like the more frequently
occurring peaks, are representative of actual neural

activity associated with SLN stimulation, as opposed
to artifact.

Although every effort was made to conform to

sound electrophysiologic principles, there was con

siderable variation in interpiglet peak reproducibil
ity. The variability in peak occurrence may be ex

plained in different ways. Some variability may be
due to the sensitivity of the recording montage for the
individual waves. Placement of the recording elec
trodes in a different orientation or in closer proximity
to the brain stem may obviate the problem of detect

ing the less frequently observed neural signals and
needs further investigation. Another likely explana
tion for the variability relates to the complexity of the
reflex itself. Studies measuring otherresponses modu
lated by the reticular formation, such as the vestibulo
ocular reflex, have demonstrated that the state of
arousal has a significant impacton these reflexes.25,26

Since the reticular formation plays a role in laryngeal
reflexes, factors that influence reticular formation

activity, such as the state of arousal and the level of
anesthesia, could affect reflex function. This effect

may be reflected in the LBR as variations in either the

presence or latency of individual peaks, or both.

The LBR and LCR responses were compared in
this study to determine if the LBR could serve as a/
reliable predictor oflaryngeal reflex sensitivity. The

peak latencies from piglets with prolonged LCR
apnea (group B) and those with a less pronounced
response (group A) were contrasted. Although peak
N5 showed a difference in latency between the group
ofpiglets, it was present in only 14% of tracings from

group A. Only one wave (P3) occurred in a substan-
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tial number of tracings and demonstrated a statisti

cally significant difference in latency between the
two groups of piglets. The P3 latency was decreased
in neonatal piglets demonstrating an exaggerated
LCR response. Thus, P3 latency may prove to be a

reasonable indicator of laryngeal reflex sensitivity.
The data in Table 3 reveal that P3 latency coincides
with activity in the solitary tract nucleus. This sug
gests that there may be a decreased inhibitory effect
on the laryngeal reflex pathway in piglets susceptible
to an exaggerated LCR apneic response at the level of
the solitary tract nucleus, which' is reflected as a

shortened P3 latency. The possibility exists, how
ever, that this P3 finding is spurious because of

multiplecomparisonproblems in anexploratory analy-
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sis such as this, and further study would be required
to evaluate the significance of this finding.

The LBR may have potential use in human sub

jects if the following conditions can be satisfied.
First, the LBR response must be characterized in
humans, preferably employing a relatively noninva
sive method. The problems with peak reproducibility
seen in this study must be overcome, and a different
recording technique may be required. Finally, the
human LBR must be shown to be a reliable indicator
of laryngeal reflex sensitivity. If these criteria can be
met, the LBR could prove clinically useful for iden

tifying and evaluating subjects with disorders related
to pathologic laryngeal reflex function.
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Swallowing disturbances may originate from a large variety ofetiologic factors, and interdisciplinary diagnostic tools are necessary
for an exact evaluation. Neuromuscular diseases, however, can only be evaluated by means of electrodiagnosis with electromyography.
In addition, neuromyography with electrical stimulation allows an exact classification of a unilateral or bilateral palsy such as neurot

mesis, axonotmesis, neurapraxia, myopathy, and coordination 'disturbances of central origin. The combination of various diagnostic
methods not only allows an exact evaluation of the neuromuscular disease, but is also useful in planning special surgical and conservative

therapeutic procedures.
KEY WORDS - aspiration, dysphagia, electrodiagnosis, electromyography.

INTRODUCTION

The act of swallowing depends on the rapid, well
coordinated action of the neuromuscular structures
within the oral cavity, pharynx, and larynx. The

extraordinarily subtle motor function of the pharynx
and the pharyngoesophageal passage is dependent on

perfect coordination of the intrapharyngeal, extra

pharyngeal, and laryngeal muscles. 1 This action oc

curs during a short break in breathing, because swal

lowing and breathing are reciprocal functions+ The
initiation of the pharyngeal swallowing process is a

voluntary action (except during sleep), but the con-
,

trol of the act seems to be involuntary.
The act ofswallowing can be divided into 5 phases:

1) the oral preparation phase, which involves chew

ing, lubricating with saliva, and placement of the
food bolus in the proper position for swallowing; 2)
the oral voluntary phase, in which intact tongue and
cheek muscles propel the bolus into the oropharynx;
3) the pharyngeal phase, which is an involuntary
swallow reflex involving closure of the soft palate,
closure of the larynx by the epiglottis, aryepiglottic
folds, false vocal cords, and true vocal cords, and
increase of pharyngeal peristalsis via the pharyngeal
constrictor muscles and the base of the tongue; 4) the

pharyngoesophageal phase, characterized by the up
ward and forward motion of the larynx with relax
ation of the cricopharyngeal muscle for 500 millisec
onds; and 5) the esophageal phase, with transport of
the bolus to the stomach over 8 to 20 seconds. �

Dysphagia is derived from the Greek "dys," mean

ing "with difficulty," and "phagia," meaning "to eat."

This term refers to the difficulty of swallowing and
should not be confused with the term odynophagia
pain with swallowing. Small deviations from the
norm are found in babies and infants, as well as in

elderly individuals. Dysphagia in the infant can be
manifested as a growth disorder. The symptoms are

a weak sucking response, excessive oropharyngeal
secretions, and oral and nasal regurgitation. Vomit

ing and coughing can lead to aspiration and cyanosis
or aspiration pneumonia. Geriatric swallowing disor
ders often are due to insufficient glottic closure or

palsy of the pharyngeal constrictor muscles.

Hurwitz and Duranceau' classify the dysphagias
into 2 types: oropharyngeal and esophageal (Fig 1).
Oropharyngeal dysphagia is caused by lesions above
the esophagus, leading to a problem with transfer of
the food bolus. The patient will report difficulties
with transporting the food from the mouth into the

pharynx and subsequently to the esophagus. There

may be complaints of nasal regurgitation or aspira
tion of food. With esophageal dysphagia, patients are

able to initiate a successful swallow, but have diffi

culty getting food through the esophagus into the
stomach.

Different authors make several attempts to list and
differentiate supranuclear, infranuclear, peripheral
neuromuscular, and specific local factors of dys
phagia.4,5 As noted earlier, the specific cause of the
diffuse symptoms can only be clarified after a precise
interdisciplinary examination. Whatever the age of
the patient, it is necessary to exclude all local me

chanical factors and diseases of the motor neurons
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Esophageal DysphagiaOropharyngeal Dysphagia

I �---t

Multiple Etiologies

Mechanical Obstruction Neuromuscular Disorder

Lower Peptic Carcinoma Diffuse Scleroderma Achalasia

Esophageal Stricture Esophageal
Ring Spasm

Fig 1. Symptoms and causative factors of oropharyngeal
and esopha§eal dysphagia. (Modified from Hurwitz and
Duranceau. )

such as amyotrophic lateral sclerosis, poliomyelitis,
dermatomyositis, and myasthenia gravis. Impaired
function of the pharynx can occur from lesions within
the vagus nerve or the nucleus tractus solitarii (affer
ent) and the nucleus ambiguus (efferent) of the me

dulla oblongata. Lesions in the cortex and its corti
cothalamic tracts can result in pharyngoesophageal
swallowing disorders. The diagnosis of central and

peripheral neurologic disorders requires a combina
tion offunctional and electrophysiologic techniques.s
A patient with dysphagia will describe problems dur

ing any of the aforementioned stages of swallowing"
Complaints may include difficulties handling a food
bolus or the feeling as though food is "stuck" in the
throat. This last description suggests an organic le
sion more than a functional problem.

CLINICAL EVALUATION

History. In the opinion ofSchatzki (who described
the lower esophageal sphincter in 1959; cited by
Bosma'), a complete historycan lead to the correct

diagnosis of dysphagia in 80% to 85 % of patients. In
order to facilitate this history an exact documentation
of all subjective symptoms is required. Use of ques
tionnaire forms such as the one used at the Johns

Hopkins Swallowing Center can be beneficial. Be
sides the age of the patient, the duration and fre

quency and exact description of the swallowing dis
order are important. Are there problems with drink

ing or eating solid foods? Is there aspiration? Is there
fear to swallow or odynophagia? Such questions can
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Esophagus

Fig 2. Schematic drawing ofaspiration during swallowing
as seen with videoradiography.

give important clues to the diagnosis. A problem with
both liquids and solids points to a neuromuscular
disorder. Ifonly solid foods are affected, anatomic or

morphological abnormalities such as esophageal can

cer may be causative.

Symptoms. Patients with oropharyngeal dysphagia
usually describe difficulties in beginning the act of

swallowing. The transportation of the food bolus
from the oral cavity into the pharynx and esophagus
raises problems for these patients. Additional prob
lems include symptoms such as nasal and oral regur
gitation, coughing (during or after swallowing), and
nasal speech or dysarthriabecause ofvelumpalatinum
or tongue muscle involvement or discoordination of
the tongue musculature. Mild muscle weakness of the

hypopharynx and soft palate can usually be compen
sated for over a period of time, except during sleep.
Nocturnal salivation on the pillow and sudden snor

ing should lead the investigator to consider the onset

of motor muscle weakness. Problems with mouth

opening and chewing difficulties, as well as an ac

cumulation of food remnants in the cheek pouches,
should not be overlooked as important symptoms.

Esophageal swallowing disorders can present with
the sensation that food is "stuck" behind the sternum.

Important questions for these patients include: What

type offood produces these symptoms? Do the symp
toms appear periodically or do they slowly increase?
Is there heartburn? Vomiting, regurgitation, and eruc

tation can be age-dependent complaints.
The most aggravating symptom is the appearance

of aspiration during the various phases of swallow

ing,? In this instance a lack of mobility of the tongue
can lead to abnormal positioning of the food bolus
that leads to swallowing when the upper airway is not

yet closed. A delayed swallowing reflex can cause
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similar problems (Fig 2). Aspiration before swallow

ing may be caused by diminished motility of the

tongue, aspiration during swallowing by diminished
or absent closure of the larynx, and aspiration after

swallowing by a stuck bolus overflow.

Clinical Studies. The otolaryngologist, after care

fully obtaining a history, can examine the motion of
the larynx with a fiberoptic laryngoscope. Further
differentiation between various oropharyngeal disor
ders can also be accomplished by the in-office use of

methylene blue solution. This substance can be swal
lowed and its transport into the upper aerodigestive
system can be monitored under direct visualization.

High-speed videofluoroscopy in a lateral projection
is capable of showing the real-time coordinated con

traction of the pharynx with subsequent relaxation of
the upper esophageal sphincter.

Further studies include manometry with fluid

probes. These probes can measure the pressure gradi
ent of the swallowing procedure. Combined manom

etry and radiography represent the state of the art,
because the recording of the swallowing procedure
with radiopaque material with simultaneous visual
ization under fluoroscopy yields important informa
tion. Underlying neuromuscular dysfunction can only
be defined with use of electrodiagnostic techniques
such as electromyography (EMG) of the lower cra

nial nerves (tongue, soft palate, posterior pharyngeal
wall, laryngeal muscles, and cricopharyngeal mus

cles). The masseter muscle can also be monitored.
These electrodiagnostic techniques allow the differ
entiation ofcentral, peripheral, and neurologic disor
ders, as well as problems within the neuromuscular

c

Fig 3. A) Perfusion manometry, B) video

fluorogram, and C) mechanical pressure
tracings during opening of upper esopha
geal sphincter.

complex such as occur in myopathies. Diagnosis of
and differentiation between apraxias (which carry a

good prognosis) and axonotmesis and neurotmesis of
the lower cranial nerves (which carry a poor progno
sis) are possible. Besides neuromyography and re

flex myography by electrical stimulation of the vagus
nerve or the superior laryngeal nerve, magnetic stimu
lation of cortical or lower cranial nerve nuclei offers
the possibility of examining the conductivity of the

complete course of the lower cranial nerves. In this

way, a lesion somewhere between the cortex and the

swallowing muscles can be located easily along a

particular nerve pathway.

Analysis ofFunction. Only methods allowing time
coordinated recording ofswallowing movements can

successfully evaluate the synergistic and coordina
tive events during the act of swallowing at the level
of the pharyngoesophageal passage. The empty or

dry swallow offers only limited information because
of the absence of interaction ofpressure and counter

pressure in the swallowing apparatus." Another way
to visualize a radiopaque-free bolus is transnasal

fiberoptic endoscopy during swallowing of water or

pap. Another important diagnostic method is acous

tic analysis with a stethoscope. The time coordination
is checked by analyzing the sound of the movement
of air included in a bolus during passage.

In order to improve the diagnostic effectiveness of
transnasal fiberoptic endoscopy, we recommend col

oring the swallow material with 2 mL aqueous meth

ylene blue solution. By insertion of the fiberoptic
endoscope through the nose, the complete closure of
the soft palate can be assessed. Under fiberoptic en-
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Fig 4. Function of suction surface electromyographic
electrodes.

doscopic guidance a swallow is performed. Depend
ing on the type of lesion, "typical pictures" can be
seen, which are evaluated after completion of the
examination by analyzing the videotapes. While the
normal swallowing act is characterized by light col

oring of the base of the tongue, the posterior wall of
the pharynx, both pyriform sinuses, and the upper
esophageal meatus, incorrect swallowing shows a

distinct coloring of the entrance of the larynx and
tracheal mucosa.

Another noninvasive diagnostic tool to record the

swallowing procedure is videotaping or high-speed
cinematography during a barium swallow. After ad

ministering radiopaque substances (barium pap,
Gastrografin, Conray, or barium-soaked cookies
called "marshmallows"), the swallowing is followed

by high-frequency cinematography (100 to 200 pic
tures per second) or by videotaping (50 pictures per
second) in anterior-posterior and especially lateral

projections.
Manometry. In the late 1950s Code and Schlegelf

measured the intraluminal pressure of the esophagus,
using water-filled plastic tubes. Today, microtrans
ducers are independent ofrinsing ofcatheters and are

therefore insensitive to movement and independent
of the position of the patient. In summary, specific
pressure gradients and pressure changes from the

pharynx to the stomach and a typical pressure profile
during swallowing can be measured. While the bolus
is in the pharynx, positive pressure alterations can be
found in the hypopharynx and esophagus. It is the

opposite with the cricopharyngeus muscle. The latest

recording systems permit measurement ofa dry swal
low and swallowing of fluids and pap, as well as solid
food, coordinated by real-time videoradiography. In
the pharyngoesophageal passage the following pa
rameters are detectable: 1) relaxation of the upper
sphincter, 2) relaxation time, 3) circular or only

Fig 5. Endoscopic view ofhooked-wire electrodes in vocal
muscles of awake patient.

segmental relaxation, 4) sphincter mean pressure
during the swallowing act, and 5) pressure gradient
between the hypopharynx and the esophagus.

Manofluorography. Manometry of the pharynx
and the pharyngoesophageal passage has been diffi
cult to perform because of the fast-changing pressure
conditions and the adjacent airways. With newer

intraluminal pressure sensors.? pressure changes in
the pharynx can easily be measured. These use a

response frequency of 50 Hz and work much more

precisely than infusion catheters. As soon as thebolus
enters the oral cavity, the pharyngeal phase is initi
ated by the swallowing reflex and elevation of the
base of the tongue, the hyoid, and the larynx. The

hyoid and the tongue move forward and push pap into
the oropharynx. This movement also opens the hypo
pharynx to incorporate the bolus. On the manometer
we can recognize this action as a positive pressure
increase (E wave) at the pharyngoesophageal seg
ment. After completion of the E wave the pressure in
the pharyngoesophageal segment returns to 0 mm

Hg. Reduction or uncoordinated combined action of
the above-named forces or obstructive pressures be
fore bolus transport leads to dysphagia.

The pharyngeal swallow starts with the elevation
of the hyoid bone. Figure 3 shows perfusion manom

etry, a drawing of a videofluorogram, and mechani
cal pressure tracings. Fluoroscopy shows the base of
the tongue in its most extreme posterior and superior
position close to the posterior wall of the pharynx.
The E wave shows its maximum on channel 7.

Pathologic Manometry Results. Oropharyngeal
dysphagia can be caused by different neuromuscular
diseases at various points in the central nervous

system.> These diseases can lead to disorders of the

pharynx and the pharyngoesphageal passage and of
the musculature of the upper esophagus, and subse

quently can cause swallowing disorders. Diseases of
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the central and peripheral nervous system, the motor

end plate, and the musculature itself trigger clinical

symptoms. Of importance (to name a few) are cere

brovascular insults, multiple sclerosis, Parkinson's
disease, tabes dorsalis, Wilson's disease, amyotrophic
lateral sclerosis, diphtheria, poliomyelitis, botulism,
tetanus, myasthenia gravis, and myotonic dystro
phies. Patients after laryngectomy also show a clearly
impaired relaxation of the cricopharyngeus muscle
and a disturbed coordination because of scars and
neuromuscular interruption.

ELECTROPHYSIOLOGIC EXAMINATION

Electromyography. Electrophysiologic measure

ments of the motoric central nervous system func
tions are the only method of classification of a palsy
into neurapraxia, axonotmesis, neurotmesis, regen
eration, or myopathy. Electromyography can be per
formed generally on the skin or intramuscularly with

..

needle or wire electrodes. Only the latter method

permits a measurement of the extracellular muscle
action potentials with registration of spontaneous
muscle activities that are important for the diagnosis
of neural degeneration. Surface deductions register
only a summating action potential; therefore, only the
coordination of the facial and chewing musculature
of importance can be examined. Surface deductions
can also be used for intraluminal measurement in the

upper esophagus and in the area of the upper esopha
geal sphincter, in which the use of bipolar suction
electrodes 10 permits the fixation of surface elec
trodes in the pharynx, pharyngoesophageal passage
way, and upper esophagus (Fig 4). Bipolar needle
electrodes from various companies can be used as

invasive deduction electrodes (eg, Disa, Medelec,
Tonnies), which measure approximately a 4-mm2
muscle area around the tip of the electrode. An

improvement of the EMG deduction during the swal

lowing act and a significant reduction of discomfort
for the patient is permitted by the so-called "hooked
wire" electrodes, first described by Basmajian and
Stecko in 1962. These electrodes can be short or

long.6,11 Special instruments for application of these
mini-wire electrodes (eg, by direct esophagoscopy)
are described elsewhere. These electrodes are bipo-

Fig 6. Electromyogram ofsuperiorpharyn
geal constrictor (SPC; phasic) and crico

pharyngeus muscle (CPM; tonic) during
swallowing.

1 sec

lar, 50 to 80 urn in diameter, insulated copper wires,
with two little barbed hooks at the end and insulated
in a steel cannula. These electrodes can be placed by
the cannula into the musculature of the swallowing
tract and remain there even during swallowing, pho
nation, coughing, and gulping. After completion of
the measurement, the mini-electrodes can be re

moved easily simply by pulling out the wires. The
electrodes can be placed by special electrode pliers 11

after surface anesthesia in the awake patient (Fig 5).
The main target points for measurements should be
the upper lip with the orbicularis oris muscle (facial
nerve), the tongue with the linguae interni muscle

(hypoglossal nerve), the soft palate with the levator
veli palatini muscle (glossopharyngeal nerve), the

posterior wall of the pharynx with the constrictor

pharyngis muscle, the vocalis muscle representing
the constrictor muscles of the larynx (recurrent laryn
geal nerve), the posterior cricoarytenoid muscle as an

opening muscle of the larynx (vagus nerve), the

cricopharyngeus muscle representing the upper esoph
ageal sphincter, (transcutaneously) the cricothyroid
muscle (superior laryngeal nerve), the sternocleido
mastoid muscle (accessory nerve), and the masseter

muscle (trigeminal nerve) when difficulties occur in
mastication.

Electromyography ofHealthy Swallowing Muscu
lature. The healthy swallowing musculature does not

exhibit any electrical activity at rest. Only the muscu

lature of the larynx shows even a certain basic activity
under resting conditions. When innervation is started,
single potentials with biphasic and triphasic structure

with a duration of up to 4 milliseconds, an amplitude
between 100 f.1V and 1 mV, and a frequency of 30 to

40 Hz can be seen (Fig 6). Further activation of the
muscle leads to a massive discharge of potentials,
even up to an interference pattern, which can only be

analyzed exactly by special software.

Pathologic Electromyography ofCaudal Cranial
Nerves. After neurapraxic damage a distinct portion
of single potentials becomes visible on EMG, al

though the examined musculature (eg, of the larynx)
shows a complete palsy of the vocal cord. In cases of
neurotmesis and axonotmesis, however, there is so-
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Cisternal Ipsilateral
B Magnetic Stimulation 5ms/U

Fig 7. A) Cortical magnetic stimulation of vagus nerve with transcutaneous electromyographic recording of

larynx. B) Cortical magnetic stimulated neuromyogram of vocalis muscle with primary muscle action potential
and secondary reflex potential (x-axis -100 IlV, y-axis -to milliseconds per unit).

called involuntary spontaneous activity on EMG as

soon as wallerian degeneration is complete ( 2 or 3
weeks after onset of palsy). This is characterized by
fibrillation potentials of very short duration (0.5 to 2
milliseconds) and relatively small amplitude (100
!-lV) or show up as positive, sharp waves. In some

cases the differentiation between neurotmesis and
axonotmesis is difficult, because axonotmesis itself
can lead to complete degeneration of the correspond
ing nerve. However, in most cases ofaxonotmesis a

certain numberofnormally functioning or neurapraxic
fibers are found that not only indicate spontaneous
activity, but also allow for single muscle action po
tentials to be measured. With diseases like pseudo
bulbar palsy and cerebrovascular damage, multi
locular deductions are indicated, because not only
single muscles, but also the interaction of certain
muscle groups, can be examined and are of interest.
While neurapraxic damage has a favorable progno
sis, axonotmesis and neurotmesis have a poor prog
nosis with almost no chance of regeneration of the

vagus nerve. Reinnervation (sprouting of the nerve)
is characterized on EMG by polyphasic potentials,
which can initially be of high amplitudes, preceding
visible movements. Similar polyphasic, but ampli
tude-reduced potentials can be found with muscle
diseases such as myotonia. If this is the case, a biopsy
of the musculature may lead to the diagnosis of

myopathy. Electromyography can therefore distin

guish among central disorders, neurapraxic and de

generative lesions, and muscular diseases.

Stimulated Electromyography. The stimulation of
the vagus nerve for induction of electrical response
potentials of the musculature of the larynx was ini

tially tried during surgical intervention,12,13 and typi
cal latencies and patterns of muscle response poten
tials were determined. Today, bipolar superficial
electrodes permit the examination of the conscious

patient with EMG techniques. In addition, not only
orthodromic stimulation (neuromyogram), but also
stimulation of the superior laryngeal nerve at the
level of the hyoid (reflex myogram) can be per
formed, including even central parts of the vagus
nerve. In cases of neurapraxia, a neuromyogram and
a reflex myogram showed prolonged latencies and
reduced amplitudes. In cases of a complete electrical
block and complete degeneration of the nerve, no

muscle responsepotentials could be detected. 11 Swal

lowing disorders of babies and infants can be ana

lyzed by these techniques, which permit the examina
tion of the caudal cranial nerves.s

Magnetically Stimulated Electromyography. The
electrical stimulation of central nerves can be diffi

cult, and electrical stimulation can be painful when

higher current levels are used. This topic was exten

sively discussed for the facial nerve in 1988.14 In

contrast, magnetic stimulation works according to

the principle ofelectromagnetic induction and is less
stressful for the patient.I4-16 After discharge of a

capacitor, a pulse-shaped magnetic field ofabout 2 T
is built up in the center of the coil (after approxi
mately 150 microseconds). This magnetic impulse
induces a current of up to 0.25 mNcm2 in the sur

rounding tissue and fluid. The current thereby gener
ated in the brain tissue or fluid distinctly triggers
muscular response potentials, depending on the posi
tion of the coil. Magnetic stimulation is a method of

stimulating the complete course of the motor cranial
nerves, beginning at the motor cortex. It is therefore

possible to stimulate proximally from the lesion

areas, which are usually located at the skull base.
Another advantage ofmagnetic stimulation over elec
trical stimulation is the painlessness of this method,
because the sensitive end fibers of the skin are not

stimulated by the magnetic impulse.
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Examination Techniques ofMagnetic Stimulation.
In order to stimulate a cranial nerve in its cisternal
course the coil has to be placed ipsilaterally on the
calotte about 6 em above the outer ear channel (Fig
7A). After discharge ofthe magnetic impulse a muscle
action potential is induced, which is similar to a

conventional electrically evoked muscle action po
tential (Fig 7B). In order to stimulate the cortex, the
coil should be placed contralaterally above the cor

responding motor cortex ofthe nerve to be examined.
The latencies, conduction, and amplitudes of the
action potentials give hints to the lesion types. The

unique advantage of this method is that even in the

early period (ie, immediately after occurrence of the

palsy), the complete course of the nerve can be
examined and the lesion area can be defined exactly.
Contraindications for using this method are intracra
nial vessel clamps (eg, after brain surgery), epilepsy,
and pacemakers.

Nevertheless, the differentiation ofpalsy types can

be difficult. Also, neurapraxia causing a complete
electrical blockcan inhibitmagnetic stimulation prox
imal to the lesion for a couple of days. With electri

cally or magnetically stimulated EMG, classification
of neuromuscular lesions into central, nuclear, or

peripheral lesions, neurapraxia, axonotmesis, neurot

mesis, motoric end plate disorders, and muscle dis
eases is possible.

Time Coordination 0/ Swallowing Act. Video

radiography and high-speed radiocinematography
can illustrate the complete swallowing process by
following the bolus from the mouth through the

pharynx, pharyngoesophageal passage, and esopha
gus to the stomach+ Manometry of the pharynx,
pharyngoesophageal passage, and esophagus is an

excellent method to demonstrate the time-coordi-

Fig 8. Combined diagnosis of dysphagia
with A) electromyography (EMG), B)
manometry, and C) videoradiography
(VRG).

nated relaxation of the cricopharyngeus muscle (0.5
second). The state of the art is the innovative method
of McConnel,9 combining both methods with mano

fluorography. Electrodiagnostic methods permit the

analysis of the activity and time course of single
muscles within milliseconds, especially of the soft

palate, the posterior wall of the pharynx, the larynx,
and the cricopharyngeus muscle. Therefore, minor
disorders can also be revealed (Fig 8).

Indications/orSurgical Intervention.After 3 weeks
at the most, the type of dysphagia should be diag
nosed and classified exactly and the necessity for

surgical intervention or conservative rehabilitation
should be clear. Indications for surgical intervention
are decreased breathing following bilateral palsy of
the recurrent laryngeal nerve, aspiration, and result

ing pneumonia. Absolute indications are definitive
unilateral neuromuscular disorders of the caudal cra

nial nerves. Relative indications are bilateral neuro

muscular disorders, central coordinative disorders of
the swallowing act, and muscular diseases in general.
In these cases a conservative therapeutic concept can

be successful even for a longer period of time.

CASE REPORTS

The - following 3 cases are presented to demon
strate clinical and diagnostic steps and consecutive
treatment strategies.

Patient 1. A 52-year-old alpinist fell from a rock
about 6 m and was unconscious for a short period of
time. After rescue, hoarseness and increasing swal

lowing difficulties were noticed. Because of aspira
tion, an internist and an otolaryngologist were con

sulted. The latter diagnosed a palsy of the 'caudal
cranial nerves on the right side with a palsy of the soft

palate and the right side of the larynx. A transnasal
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feeding tube was placed. Videofluoroscopy showed
a palsy of the right swallowing musculature with

intradeglutitive and postdeglutitive aspiration. Dur

ing and after swallowing, radiopaque fluid passed
over from the right hypopharynx into the trachea.

Manometry revealed in the area of the pharynx and

tongue base that there was no regular pressure peak
during swallowing; in the pharyngoesophageal pass
age, uncoordinated pressure drops could be seen.

Electromyography showed spontaneous activities in
the area of the soft palate, posterior wall of the

pharynx, the vocalis muscle, and the posticus muscle
on the right. The cricopharyngeus muscle showed a

permanent tonus. A diagnosis was made of a fracture
of the skull base through the jugular foramen with
definitive traumatic lesion of the glossopharyngeal
nerve and vagus nerve. The therapy used was sutur

ing of the soft palate and the hypopharynx by a lateral

pharyngotomy with myotomy ofthe cricopharyngeus
muscle. By microlaryngoscopy the right vocal cord
was augmented with collagen. Almost regular swal

lowing was achieved 4 weeks after surgery, with little

remaining bolus in the area of the right hypopharynx
and occasional postdeglutitive aspiration.

Patient 2. A 48-year-old woman presented after

operation of an ependymoma of the fourth ventricle,
with subsequent respiration and swallowing difficul
ties. Initially there had been nutrition by nasogastric
tube and tracheostomy after 3 weeks with insertion of
a tracheotomy tube because of massive aspiration.
Videofluoroscopy showed significant aspiration into
the trachea. Radiopaque fluid barely entered the

esophagus. With the endoscope, the passage ofmeth

ylene blue into the trachea was visible. Manometry
was not done because of the presence of the nasogas
tric tube and tracheotomy tube. Electromyography
showed residual activities in the soft palate, posterior
wall of the pharynx, and larynx, as well as spontane
ous activity in the tongue. The diagnosis obtained
was proximal peripheral axonotmesis of the caudal
cranial nerves on both sides. For therapy both vocal

183

cords and the base of the tongue were augmented with

collagen. In addition, unilateral pull-up of the phar
ynx, myotomy of the cricopharyngeus muscle, and

thyroid gland transposition as "upholstering" for the

hypopharynx were achieved. Six weeks after opera
tion the patient had persisting difficulties in trans

porting a bolus within the oropharynx (hypoglossal
nerve). Swallowing into the esophageal segment was

only possible if she bent forward and rotated her head'
to the left.

Patient 3. An I8-month-old baby with persisting
nutritional weakness was fed by a gastric tube. The

baby could not suck at all and spit out pap. High
frequency cinematography showed complicated trans

port of the bolus through the cavum oris and the

pharynx, with absent elevation of the soft palate. The
bolus stopped in the esophageal entrance, and only
after repeated swallows did it pass into the esopha
gus. Manometry showed a decreased and uncoordi
nated pressure gradient in the pharynx and hypophar
ynx, and uncoordinated saccadic relaxation of the

cricopharyngeus muscle. Electromyography revealed
no activity in the soft palate, a decreased activity
pattern in the posterior wall of the pharynx, and

regular activity in the larynx. The cricopharyngeus
muscle showed a good tonus at rest. (The swallowing
reflex could not be triggered because of anesthesia.)
Magnetically stimulated EMG showed no conduc
tion in the area of the soft palate, prolonged latencies
and diminished amplitudes of the muscle action po
tential at the posterior wall of the pharynx, and nor

mal conduction in the area of the larynx. The diagno
sis of congenital immaturity of the nucleus of the

glossopharyngeal nerve, and perhaps also of the tri

geminal nerve, was made. Therapy was palatoplasty
(by maxillofacial surgeons) and conservative swal

lowing training guided by pediatric and logopedic
consultants. Since the age of 2, regular swallowing
without aspiration was achieved by the patient when
an extralong dummy was used to promote food trans

port in the oral cavity.

REFERENCES

1. Bosma JF. Sensorimotor examination of the mouth and
pharynx. In: Kawamura Y, ed. Frontiers of oral pathology. Vol
2. Baltimore, Md: College Hill Press, 1976:78-107.

2. Logemann JA. Evaluation and treatment of swallowing
disorders. Baltimore, Md: College Hill Press, 1983.

3. Hurwitz AL, Duranceau A. Upper esophageal sphincter
dysfunction. Pathogenesis and treatment. Dig Dis Sci 1978;
23:275-81.

4. Donner MW. Radiology in swallowing disorders. In:
Heuck FH, Donner MW, eds. Radiology today. 2nd ed. Berlin,
Germany: Springer, 1983:6-11.

5. Donner MW, Bosma JF, Robertson DL. Anatomy and

physiology of the pharynx. Gastrointest Radiol 1985;10:196-
212.

6. Thumfart WF. Electromyography of the larynx and re

lated technics. Acta Otorhinolaryngol Belg 1986;40:358-76.

7. Hannig C, Wuttge-Hannig A. Stellenwert der Hoch

frequenzrontgenkinernatographie in der Diagnostik des Pharynx
and Osophagus. Rontgenpraxis 1987 ;40:358-77.

8. Code H, Schlegel J. Manometrie des oberen Osophagus.
In: Berendes J, Link H, Zollner J, eds. Hals-Nasen-Ohrenheil
kunde. Vol 3. Stuttgart, Germany: Thieme, 1987:431-9.

9. McConnel FMS. Analysis of pressure generation and bo
lus transit during pharyngeal swallowing. Laryngoscope 1988;



184 Thumfart et al, Functional & Electrophysiologic Diagnosis ofDysphagia

98:71-8.

to. Tanaka R, Palmer I, Siebens AA. Bipolar suction elec
trodes for pharyngeal electromyography. Dysphagia 1986;1:
39-40.

11. ThumfartWF. Endoscopic electromyography and neurog
raphy. In: Samii M, Ianetta PI, eds. The cranial nerves. Berlin,
Germany: Springer, 1981 :597-606.

12. Atkins JP Ir. An electromyographic study of recurrent

laryngeal nerve conduction and its clinical applications. Laryn
goscope 1973;83:796-807.

13. Satoh I. Evoked electromyographic test applied for recur

rent laryngeal nerve paralysis. Laryngoscope 1978;88:2022-31.

14. Thumfart WF, Stennert E. Verletzungen und Frakturen
des Felsenbeins und der angrenzenden Schadelbasis. Arch

Otorhinolaryngol [Suppl] 1988(suppll):81-166.
15. Kartush 1M, Bouchard KR, Graham MD, Linstrom CL.

Magnetic stimulation of the facial nerve. Am I Oto11989; 1 0: 14-
9.

16. PototschnigC,StennertE, ThumfartWF. "Nervus Facialis
und andere Himnerven" Magnetstimulation. Eine umfassende
Methode zur Diagnostik von Schadigungen der kaudalen
Himnerven. 60. Iahresversammlung der Deutschen Gesellschaft
fur Hals-Nasen-Ohren-Heilkunde, Kopf- und Hals-Chirurgie,
Kiel, vom 7.-11. Mai 1989. Arch Otorhinolaryngol1990(suppl
2):113-5.



OUTCOME OF THERAPY FOR VOCAL CORD NODULES

PI-TANG LIN, MD

GWEN S. KOROVIN, MD WILBUR JAMES GOULD, MD

NEW YORK, NEW YORK

Controversy remains in prescribing therapy for vocal cord nodules caused by vocal abuse. In addition to medical evaluation,
identification ofthe individual's mode (pattern) ofvocal abuse is important for directing therapy. The purpose ofthis study was to analyze
the results of specific therapies. Detailed histories, laryngeal examination, objective voice laboratory evaluations, and subjective
questionnaires were used. The results of therapy in 20 patients are given. Details of voice therapy, speech therapy, and singing therapy
are presented. Indications for surgery are discussed.

Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 11-12, 1992.

CORRELATION OF ELECTROGLOTIOGRAPHY AND AERODYNAMIC
PARAMETERS WITH VIDEOSTROBOSCOPY IN EVALUATING

VOICING PATIERNS

K. LINNEA PETERSON, MD

KATHERINE VERDOLINI-MARSTON, PHD

EMILYLIN,MS

JULIE BARKMEIER, MS

HENRY T. HOFFMAN, MD

IOWA CITY, IOWA

The primary etiologic factor for vocal fold nodule formation is considered to be vocal fold contact stress. Voice therapy for these
lesions involves such methods as use of breathy or resonant voice. The hypothesis is that with these types of voice production there is
reduced force of collision per unit area. Although there are no modalities available to directly measure collisional forces or absolute
contact area in vivo, videostroboscopic impressions ofclosure velocities and contact areas provide qualitative descriptions. The purpose
of the present study was to compare and contrast electroglottographic and inverse filtered airflow signals with videostroboscopy in

describing vocal fold vibrational patterns that are hypothesized to involve varying contact stress. Specifically, 1) Do high inverse filtered
airflow maximum declination rates correspond to rapid vocal fold closure assessed by videostroboscopy, and do high minimum airflow
rates correspond to incomplete closure? 2) Does a rapid increase in electroglottographic conductance correspond to rapid closure in
different voicing types, and does a minimum closure phase correlate to incomplete vocal fold closure? Aerodynamic data appear to offer
consistent measures that correlate well with videostroboscopy in identifying voicing modes consistent with nodule reduction.

Electroglottographic results are more variable and appear more dependent on technique and interpretation.
Presented at the meeting of the American Laryngological Association, Palm Desert, California, April 11-12, 1992.
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PHONATION AND SWALLOWING CONSIDERATIONS IN PEDIATRIC
LARYNGOTRACHEAL RECONSTRUCTION (p 37)

M. E. SMITH, MD; A. J. MORTELLm, MD; R. T. COTTON, MD; C. M. MY�R III, MD

TRACHEAL-ESOPHAGEAL SEPARATION PROCEDURES:
TECHNIQUE AND RESULTS OF RECONSTRUCTION (p 45)

C. T. YARINGTON, JR, MD; F. K. W. CHU, MD

EXPERIMENTAL TRACHEAL REPLACEMENT USING A REVASCULARIZED
JEJUNAL AUTOGRAFT WITH AN IMPLANTABLE DACRON MESH TUBE (p 47)
MAJ P. D. COSTANTINO, MC, USAF; D. W. Nuss, MD; C. H. SNYDERMAN, MD; J. T. JOHNSON, MD;

C. D. FRIEDMAN, MD; K. NARAYANAN, MD; COL G. HOUSTON, DC, USAF

CHARLEs J. KRAUSE, MD (Ann Arbor, Mich): Are there any
questions for the previous authors? Please identify yourself and
ask your question.

HARVEY M. TuCKER, MD (Cleveland, Ohio): I wanted to ask
Dr Yarington a question. In January we reported our experience
with a slightly modified diversionary tracheotomy. The tech

nique that I have reported involved diverting the proximal or

laryngeal portion to the outside, partly so this can be monitored
to decide when or ifa patient might be considered for reconstruc

tion. My question to Dr Yarington is, how the decision is made
that the patient is no longer aspirating. Another comment I will
make is that our results, although on a smaller series, were almost
like his. There were fourpatients who could be reconstructed, and
we were able to successfully reconstruct three of those four.

Wll..UAM W. MONTGOMERY, MD (Boston, Mass): I would like
to comment on Dr Yarington's paper. For many years we have
been using the laryngeal closure operation to control chronic

aspiration. For the past4 years wehavebeen using a laryngofissure,
securing a laryngeal stent in place. I have not had the privilege of

removing one yet, but others have, and the larynx does not seem

to be damaged by the long-term stenting.
DR KRAUSE: How do you secure it, Bill?

DR MONTGOMERY: With 3-0 nylon sutures.

DAVID E. SCHUlLER, MD (Columbus, Ohio): I would like to

compliment Dr Costantino and the authors on that last paper. It
sounds very exciting. I would like to have a little more explana
tion of the suturing of the Dacron mesh to the jejunal segment.
The suturing might make me a bit nervous in terms of the

potential for compromising the blood supply. The second ques
tion is whether or not they have any understanding that the
vascular anatomy of the jejunal segment in the dog is identical to

that in the human. How does this translate to the human experi
ence?

JOHN M. FREDRICKSON, MD (StLouis, Mo): I, too, would like
to congratulate Dr Costantino. Just one comment. I wanted to

point out to the audience that the 3M ring pins that he demon
strated only go up to a 2.5-mm diameter. We have, for many
years, been talking about the use of 5-mm Nakayama's pins to

anastomose veins, which is a very rapid way to do it. The 3M
Company is attempting to duplicate the 5-mm-diameter size, and
I think this will be useful. They certainly will anastomose most

of the arteries in the head and neck, as long as they are not arterio
sclerotic in nature. I wanted to ask Dr Costantino whether or not

he has histologically noted regeneration of cilia in his cases.

EUGENE N. MYERS, MD (Pittsburgh, Pa): I want to congratu
late Dr Yarington on his paper and to ask whether, in your series,
any of the patients who had the separation procedures were

patients who had this done primarily at the time of major oral

cavity or oral pharyngeal resection, orwhether most of these were

patients in whom it was done secondarily as a consequence from
central nervous system damage.

BYRON 1. BAILEY, MD (Galveston, Tex): I would like to

compliment Dr Costantino for an excellent presentation and ask
if there were any problems with crusting or granulation tissue
formation at the superior or inferior anastomotic lines. We had
that problem with some similar types of experiments that we did
several years ago.

C. THOMAS YARINGTON, JR, MD (Seattle, Wash): Three is
about as many questions as I can remember, even without

knowing the answers. The first question, about how you tell when
someone is no longer aspirating, I mentioned in the body of the

presentation. Essentially, we do this by evaluating their laryngeal
function following the basic disease process for which they had
it done - whether other neurological problems, usually which
are multiple, begin to resolve. We do it with repeated swallowing
studies over a period of several months. We really try very hard
to delay putting one of these things back together, to be really sure

that it is going to work. The second question, from Dr Montgom
ery, related to the other mechanisms, ofwhich there are many, for

protecting the pulmonary network from aspiration. I have no

experience with the use of stents for this purpose. I know that

tracheotomy tubes and endotracheal tubes certainly do not work.
Iknow that DrLindeman frequently mentions the experience that
he had as a resident with Dr Montgomery, and gives great credit
to him for all the background that he had in this area when he

developed this procedure. I use this procedure because it works,
and I imagine other people use other procedures because they
work. Ifyou have something that works, the inclination to change
and try other things is not profound. The answer to Dr Myers'
question is yes, we have used this, particularly with patients with
total glossectomies and base of the tongue resections. One of the

patients that we did put back together again was a patient who had
a base of the tongue resection, and we did the diversion in order
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to not have to do a laryngectomy. We have done it in others, but
either they have succumbed to their initial disease and never

gotten to the point of reconstruction or, as in several cases, they
failed to get to the point where they did not aspirate any more. In
one case, we were going to put him back together and, when we

started reevaluating the larynx, we found he had a carcinoma of
the larynx. Yes, it is very useful for head and neck cancer, but we

haven't had a lot of people who have ended up being recon

structed.

DR KRAUSE: Dr Costantino, would you respond?
PETER D. COSTANI1NO, MD (San Antonio, Tex): As far as Dr

Schuller's question on suturing technique, the Dacron urethane
stent was attached to the jejunum with circumferential running
sutures, under magnification, such that we simply continued to

loop the suture, first through the muscularis of the jejunum and
then over one of the loops of the Dacron stent, through one of its

perforations. We spaced them at about 1 to 11/2 em apart so they
went circumferentially at those intervals. We had considered

running it lengthwise along the jejunum, but we assumed that

multiple locations would essentially cut off the blood supply
from the mesenteric artery. We did not find any problem with the
vascular supply or decrease with the supply grossly after the
Dacron was attached to the jejunum with its sutures, though we

didn't do any kind of flow analysis. I don't know if the vascular
supply to the canine jejunum is the same as or different than in
humans. I would assume it is reasonably similar. We were also

only suturing to the most superficial portions of the muscularis of
the jejunum. We were not suturing deeply into the mucosa or into
the muscularis, the fibers running just deep to the mucosa. As far
as Dr Fredrickson's comment on histology and cilia, the histol

ogy for this study is sort of interesting. The study, which was

carried out in Spain, used a large number of 27 dogs. When you
do only 8 animals, you begin to realize how large an effort 27 is.

Twenty-four of those animals survived, and the Spanish investi
gators uniformly reported that squamous metaplasia of the jeju
nal mucosa occurred. We initially, in our l-month and 2-month

dogs, thought that squamous metaplasia was developing, but

really whatwe were seeing was the thinning ofthejejunal mucosa

with some loss ofarchitecture. None of the 6-month dogs showed
any evidence of squamous metaplasia, only friability and some
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breakdown of the mucosa of the jejunum. So I don't think that
ciliated structure persisted, and I don't think that we can depend
upon a reformation of the ciliated structure when it is exposed to

air, though further long-term studies are needed. Those are just
beginning now, and with a large enough number of animals,
hopefully, we can answer some of these questions. As far as Dr

Bailey's comments, we had no problems with crusting. I must,
though, insert that we scoped these animals only at 2 and 4 weeks
after they were operated on and immediately prior to sacrifice.
Further, I apologize, we had no endoscopic photographs. Our

laboratory setup did not permit that. It would have added some

what to this presentation, but it simply was not technically
feasible. Since we scoped them so early, and scoped them only
prior to killing them, I am not sure what happened at weekly
intervals. Granulation tissue formation was seen most commonly
when the intraluminal silicone tube was a little bit too long and

protruding into the subglottis. We didn't see a substantial amount

of granulation tissue at the junction between the trachea and the

jejunum, though on one of the histologic slides there is a small
amount of granulation tissue demonstrated that was a consistent

finding. In none of the animals did we find that granulation tissue
was a problem such that it narrowed the airway. Our main

problem were threefold in these animals. One: peristalsis. None
of the other studies using esophagus, segments of jejunum, or

ileum, like the Spanish study, commented on peristalsis. It was

such a consistent finding in our animals that I have trouble

reconciling that with other studies that I have seen and our data.
Two: we did not have a problem with excess mucosa, but we did
have a problem with inflammation of the mucosa muscularis of
the jejunum, and that may be due to chronic inflammation and
infection from the Dacron urethane stent, Dacron is not the most

infection-resistant material, and we feel that a different stenting
material might be appropriate. Three: finally, the size mismatch,
namely that the canine jejunum is 35% to 40% smaller than the
canine trachea, so you immediately get a stenosis - sort of a

demanding animal model for this. That compares to the human,
where the jejunum is the same size or slightly larger than the
trachea. So we feel that in a demanding model like this we can at

least get a couple of animals to go 6 months and have pretty good
results. Hopefully, we can transfer that to humans with more

refined technique, but that remains to be seen.
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R. B. LEWY, MD

OUTCOME OF THERAPY FOR VOCAL CORD NODULES [ABSTRACT] (p 185)
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CORRELATION OF ELECTROGLOTTOGRAPHY AND AERODYNAMIC
PARAMETERS WITH VIDEOSTROBOSCOPY IN EVALUATING
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ROOER L. CRUMLEY, MD (Irvine, Calif): I had a question for
the Iowa authors. Congratulations on what appears to be cutting
edge research in understanding vocal fold physiology. We have
been interested in the variance or differences in the airflow
between the posterior glottis and arytenoid cartilages and the
subglottis during phonation. My question is, does the technology
or the data in the paper lend any information about phonation?

DAVID F. SCHUU..ER, MD (Columbus, Ohio): I would like to

compliment Dr Lewy on his presentation, and he is certainly one

of a handful of people who have extensive experience with this

particular approach. Although I will have to say that it has now

been about five straight American Laryngological Association
meetings that we have had some type of presentation relative to
the rehabilitation of a paralyzed vocal cord. I am wondering if
there is a fair amount of confusion, at least there is for me, as to

when we should be using certain procedures. We have Teflon
injection, we have Gelfoam injection, we have thyroplasty that
either medializes the cord or tightens the cord, we have neuro

muscular pedicles. We have heard from our President about the
importance of research. We have heard about this Association's
expanding capabilities to fund that. Are we at a time now when
maybe this Association should not imagine funding and sponsor
ing some type of a research program that takes a look at that and
tries to give an opportunity for our clinicians to better determine
when we should be using what for a particular clinical situation?

CHARLES N. FORD, MD (Madison, Wis): I would like to
commend the presenters, particularly Drs Koriwchak and Ossoff
for their really excellent paper, and I think it gives us some

perspective and perhaps dispels a myth that I don't think, as a

society, we should give any credence to. That is the myth that
injecting Teflon into a vocal fold is a reversible procedure. I think
it is matter of terminology. If you are talking about geometric
changes in the contour, this can be changed, and that is reversible.
But the tissue changes that occur, ifyou look at these vocal folds
histologically, these are permanent changes. These are changes
of fibrosis. Virtually every bit of Teflon injection in the paste
form invokes a very brisk foreign body reaction, forms a granu
loma and then changes in the tissues, even when they are removed
elegantly or inelegantly. There remains permanent damage to the
vocal fold structure and it does affect vibration. I think these are

important considerations as we approach the types of issues that
Dave Schuller raised, of looking for the optimal approach to

different pathological problems.
EUGENE N. MYERS, MD (pittsburgh, Pa): I enjoyed the paper

from Nashville very much on the endoscopic removal of Teflon
granulomas of the vocal cord. It only addressed the issue of
Teflon in the vocal cord, and I am wondering whether your
department has any experience with Teflon that did not quite
make it into the vocal cord and, in fact, ended up in positions
elsewhere within the larynx, and what your experience is in trying
to remove that.

STEVEN ZEITELS, MD (Boston, Massachusetts): I also want to

compliment the paper from Nashville. I had some questions
simply concerning the removal of the granuloma, in terms of the
quality of voice versus the airway, because I have some experi
ence showing that it is difficult to lateralize the microflap. I tried
to raise a similar thing for an airway problem where there was a

massive granuloma as opposed to when you have a smaller
granuloma and, in fact. you then assume a better voice. So, is
there a difference in those patients in terms ofvoice quality, when
they have a large one and actually developed airway problems,
particularly the one who developed a contralateral paretic cord?

MARK MAsLAN, MD (Kansas City, Mo): It sounds like a

number of procedures are often necessary to remove the Teflon
granuloma endoscopically. Was laryngofissure considered at
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any time as an alternative?

CHARLES J. KRAuSE, MD (Ann Arbor, Mich): Dr Peterson,
would you respond?

K. LINNEA PETERSON, MD (Iowa City, Iowa): In response to
Dr Crumley's question on whether or not our data showed
differences in the location of the glottis, in terms ofairflow. The
results are general across voice types and don't. unfortunately,
give any information about where the area is ofmore force or not.
But we'd be interested in any information or studies on that.

ROBERT B. LEwY, MD (Chicago, Ill): I was particularly
interested in Dr Schuller's question about the confusion that
exists on procedures. I have been thinking about this for a long
time. I do not know whether subsidizing by this or other societies
is going to solve this problem, or whether the problem is going to
be solved after a long period oftime. It seems to me that the Isshiki
operation, which is very interesting and also far more compli
cated than Teflon injection, has much to recommend it. When one

is dealing with possibly posterior vocal cord problems, or when
an arytenoid has fallen forward, there are certain indications for
it. Nobody has written that paper yet, and over a period of time
with accumulation of experience, maybe a general panel can

present their experiences at a future meeting. I think many of us

who have been interested in the problem of paralyzed cord
replacement are fascinated by this problem and it will be an

swered over a period of time. I do not agree with the doctor who
raised the point about how bad the pathology is relative to what
Teflon does where it is located in the vocal cord. We described
this in great detail in one or two papers, particularly the one in
which we thought we proved it was noncancerigenic. The local
reaction to Teflon is not very severe. There is a small capsule,
there are a few giant cells, there is a small granuloma. It is not bad
to remove. I myselfdislocated some Teflon once, right under the
skin of a very nice-looking young girl, and I had to remove it as

a plastic procedure by going in through the neck. It is the only
time I have had that particular problem. The problem of the
misplacement of Teflon can arise, and certainly it is not an

operation that should be done by amateurs. The reason I gave this
paper is because it should be done by people who are adequately
and properly trained and who don't just see one or two cases

during the course of a residency and think that as a result of that,
they really know how to do the procedure.

DR KRAUSE: Dr Koriwchak, would you respond?
MICHAEL 1. KORIWCHAK, MD (Nashville, Tenn): The first

question from Dr Myers was regarding the treatment of Teflon
that has gone somewhere else besides into the true vocal fold. We
do have some experience with that, and in those situations, I don't
think the need for precision is quite as great, because you are not

dealing with the phonating area of the larynx. We have removed
those. We have not needed to use a microflap, but we removed
those and have a few cases that have done well. The second
question dealt with the severe case, like the third case I presented,
regarding the paralysis of the contralateral cord. I think there is
no question that even if we do several endoscopies and try to
establish a safe airway and give them some kind of usable voice
that bigger granulomas leave you with a poorer vocal result. The
third question had to do with ifwe ever considered laryngofissure
in some of these folks. The answer to that is yes and, again, I talk
about the third case I presented. After six or seven endoscopic
procedures, arytenoidectomy, and revisions, you do begin to ask
yourself if we need to rethink what we are doing. Yes, we did
consider a laryngofissure, but at the last minute, things went our

way and we did not have to do anything else to that lady.
DR KRAUSE: Are there any other questions before we take a

break? Yes, Roger.



ROGERL. CRUMLEY, MD (Irvine, Calif): To Dave Schuller and
Dr Lewy. There is currently an Nlli-funded study to compare
hopefully equal numbers in a prospective way with Teflon,
Isshiki thyroplasty, and reinnervation. The problem is that it will
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be about 4 or 5 years from now to the code being broken, so we

still need data. I think his suggestion ofthe ALA undertaking this

project is a good one.

A RECURRENT LARYNGEAL NERVE IS CUT: WHAT SHALL I DO? (p 19)
P. H. WARD, MD

SITES OF PREDILECTION IN RECURRENT RESPIRATORY
PAPILLOMATOSIS (p 63)

H. KASHIMA, MD; P. MOUNTS, PHD; B. LEVENTHAL, MD; R. H. HRUBAN, MD

LASER SURGERY FOR EPITHELIAL HYPERPLASIA OF THE VOCAL FOLD (p 91)
M. HIRANO, MD; K. SATO, MD

WilLARD E. FEE, JR, MD (Stanford, Calif): I would like to ask
Dr Ward how he feels about the patient referred to him 3 days
postop by another surgeon, with a vocal cord paralysis. Should
we explore that patient, and what about the patient 2 months

following thyroidectomy with a vocal cord paralysis? I enjoyed
his presentation very much and want to compliment him and the

society for awarding him this well-deserved award. The next

question is to Dr Hirano. Why not just remove all of the mucosa

and send it for histopathology, rather than removing part of it and
then ablating the rest? It would seem to be simpler, while you are

there,just to remove all of the mucosa in those hyperplastic cases.

ROGER L. CRUMLEY, MD (Irvine, Calif): I was hoping to be the
first to congratulate Dr Ward, but Dr Fee slipped up here a little
quicker than I did. I had two comments about Dr Ward's paper.
I think what he has shown us is that the basic science of muscle

physiology fits with the data. Ifyou cut a motornerve to a muscle,
the muscle, over about a 2-week period of time, undergoes a loss
of mass up to about 50% of the muscle mass. So then if
reinnervation is done, at least the nerve anastomosis at the same

time, that starts the clock ticking on the reinnervation process,
which may take anywhere from 3 to 6 months. During that time,
the muscle mass of the thyroarytenoid and lateral cricoarytenoid
will be bulking up again. I think that fits with what Paul showed
us. The second comment about it is that I think the society and

otolaryngologists in general should now begin to take this infor
mation to people who have cut the recurrent laryngeal nerves

more often than we do: orthopedic, cardiovascular and cardio
thoracic, and general surgeons. Really, that will be the message,
because if we have a better treatment, that can be done.

GARY SCHEClITER, MD (Norfolk, Va): Dr Hirano, I have a

little trouble with the recommendation that we use the laser on all

patients that have keratosis of the vocal cord. LikeDrFee, Iwould
support the idea of removing all of the mucosa and finding out

what the pathology is first. One of the most common problems
that we see referred into our department as a tertiary center are

patients that had benign keratosis - keratosis without atypia -

that had laser therapy. They have adynamic segments and notch

ing ofthe vocal cord because ofaggressive laser therapy. I would
like you to comment on that as a general policy as to how you
would recommend these patients be approached from the begin
ning.

BYRON J. BAILEY, MD (Galveston, Tex): Dr Ward, would you
begin by res�onding?

PAUL H. WARD, MD (Los Angeles, Calif): Thank you for your

kind comments, Dr Fee. The answer to the first question of what
would I do at 3 days is, I have had that experience and I reexplored
and found ligatures on the recurrent laryngeal nerves. I removed
these and the patient's function returned in about 2 to 4 weeks. At
2 months it becomes a bit more difficult, I would call the surgeon
and speak with him to see whether this man has any real

knowledge of whether he saw the recurrent laryngeal nerves.

There are those that do not look at the nerves, and there are those
that do, and both get paralysis orparesis. In most instances, unless
he had really clear-cut dissection of the nerves and had shown
them, I would still reexplore and I would still reanastomose. I do
not have the statistical data enough to prove that, but that is the

way I feel. You can always do the medialization procedures, the
reinnervation with other nerves, and in fact, ifyou could not find
the distal portion at the time of surgery, then I would swing over

phrenic or an ansi hypoglossal nerve.

Thank you, Dr Crumley, for your comments, and I certainly
agree that we have a lot to learn in this area. A lot of good work
has come, but we certainly know that this is the way that nerves

and muscles respond when you reanastomose them.

MINORU HIRANo, MD (Kurume, Japan): When we see vocal
fold lesions that look like hyperplasia or dysplasia or carcinoma
in situ or very early invasive carcinoma, we first determine the

depth of the lesion by means of videostroboscopy. On the basis
of the videostroboscopy, if we diagnose that the depth of the
lesion is deep enough to reach a vocal ligament, we clinically
make a diagnosis ofa carcinoma, because hyperplasia or dyspla
sia never goes into the vocal ligament. This aberration is not

100%, but about 80% to 90% correct. If we determine that the

depth of the lesion is limited within the superficial layer of the
lamina propria or the Reinke's space, we first biopsy under

microscopy. When the region is very small, we remove all the

region with the scissors for histological study. When the region
is very big, we remove the major portion with the scissors for

histological diagnosis and -the remaining portion is vaporized.
We do this because, in our hands, it is very difficult to remove the
entire big lesion without destroying the vocal ligament, and
because of bleeding. Then, if we find invasive carcinoma, by
histological study, we choose either razor cholectomy or radio

therapy, depending on the patient's condition. If the frozen
section study reveals no hyperplasia or dysplasia, we continue

elevating the specimen until the vocal ligament is exposed,
because ifyou raise the vocal ligament, the voice is much worse.

By staying within Reinke's space, we don't produce much
notching afterwards. If you vaporize the vocal ligament or the
vocalis muscle, you will have a notching.
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THREE-DIMENSIONAL ANALYSIS OF MURINE
LARYNGEAL DEVELOPMENT (p 67)

D. H. RENICK, MD

SENSORY, MOTOR, AND AUTONOMIC NERVE FillERS OF THE INTERNAL
BRANCH OF THE CANINE SUPERIOR LARYNGEAL NERVE (p 98)

Y. IDSA, MD; T. UNO, MD; N. TADAKI, MD; Y. MURAKAMI, MD

LASER HOLOGRAPHY AND INTERFEROMETRY OF THE LARYNX:
PRELIMINARY STUDIES WITH A CADAVER MODEL (p 104)

G. M. GARDNER, MD; J. CASTRACANE, PHD; M. CONERTY; S. M. PARNES, MD

ROBERT W. CANTRELL, MD (Charlottesville, Va): These three

papers are now open for questions and discussion.

GERALD S. BERKE, MD (Los Angeles, Calif): I thought Dr
Hisa's paper was excellent. I have one question for him. In the
canine there is a very large anastomosing branch from the

superior to the recurrent laryngeal nerve, frequently known as

Galen's nerve, which many times actually goes through a hole in
the thyroid cartilage, and I am curious what effect he thought that
nerve might have on the results of his study and whether or not

they considered cutting that nerve before staining the internal
branch..

YASUO HISA, MD (Kyoto, Japan): I cut the thyrohyoid mem

brane, and the proximal external laryngeal nerve was put outside
the wound. Maybe we don't need to think about the Galen's
nerve.

DR BERKE: I was just curious if it might be possible for the
choleratoxin to retrograde-flow to the RLN through Galen's
anastomosis. I am not sure if you cut the internal branch distal to

where Galen's anastomosis came-off. Would it be possible for
some of the stain to flow retrograde into the RLN and then stain
some of the motor fibers? I have stimulated thatnerve many times
and never gotten any motor movement in doing so.

DR HISA: I cut the internal branch or superior laryngeal nerve

proximal to its entrance.

ROBERT B. LEwY, MD (Chicago, ID): I think we have occa

sionally been led astray on videostroboscopy in thinking that it
will do more for us than it will because it is a good research tool,
but when we have a paralyzed vocal cord, we can still very often

get a perfect voice. Under these circumstances I wonder ifwe can

also be led astray with the laser holography, or whether the laser

holography will give us the truth, the whole truth, and nothing but
the truth when we finally apply it clinically.

STEVEN M. PARNES, MD (Albany, NY): I never lied to you
before! This is not a tool. It is very preliminary, and obviously we

arejust examining or trying to recreate the vibratory pattern of the

larynx. What that will mean clinically remains to be seen. I think
it gives us much more information than stroboscopy, because the

problem with videostroboscopy is it is still a qualitative interpre
tation and it does not examine the cords in the vertical dimension.
Those are some of the major advantages of the laser holography.
It is hard to predict in the future how much clinical information
will be utilized with this technique. I am certain it is going to help
quite a bit in discerning at least unique or idiosyncratic vibratory
patterns that we cannot see with any other method.

ART AND SCIENCE OF LARYNGEAL PHOTOGRAPHY (p 25)
B. BENJAMIN, FRACS, FAAP

CORRELATION BETWEEN STROBOSCOPY AND ELECTROMYOGRAPHY IN
LARYNGEAL PARALYSIS (p 110)

J. KOKESH, MD; P. W. FLINT, MD; L. R. ROBINSON, MD; C. W. CUMMINGS, MD

THYROPLASTY: ANEW APPROACH (p 116)
W. W. MONTGOMERY, MD; S. M. BLAUGRUND, MD; M. A. VARVARES, MD
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SILASTIC MEDIALIZATION AND ARYTENOID ADDUCTION: THE VANDERBILT
EXPERIENCE. A REVIEW OF 116 PHONOSURGICAL PROCEDURES (p 125)

J. L. NETTERVILLE, MD; R. E. STONE, PHD; E. S. LUKEN, MS;
F. J. CIVANTOS, MD; R. H. OSSOFF, DMD, MD

ENDOSCOPIC LASER MEDIAL ARYTENOIDECTOMY FOR AIRWAY
MANAGEMENT IN BILATERAL LARYNGEAL PARALYSIS (p 137)

R. L. CRUMLEY, MD

ROBERT B. LEwY, MD (Chicago, ill): I would like to point out
thatDrRuben, in a paper called "Pitfalls," and Imyselfbefore this

society about 5 years ago in New Orleans in a paper called

"Complications," referred to some of the difficulties which
occurred with Teflon injection. Weknow that it occurs. It appears
to me, however, on the basis of the number ofcomplications that
have occurred this early with this beautiful aesthetic operation of

thyroplasty, that their batting average is at the present time lower
than ours, and that they are having more complications earlier
than we have had in the general experience reported by us in 1976
of the 1,300 cases around the US. Now the thyroplasty is certainly
a very beautiful operation, but it takes a lot longer and is a lot
harder to learn. I do not see any particularly good reason why we

should do a harder operation ifan earlieroperation gives us a little
better chance to getting on base. After all, a base on balls is

perfectly satisfactory for getting to first base. The other angle on

this problem is the question of the long term. We don't know,
relative to the Isshiki operation, what is going to happen in terms
of scar tissue formation across a longer period of time. We do
know what has happened across a period of 29 to 30 years or

longer, on the cases started with Godfrey Arnold, what has

happened with theTeflon injection cases, andwhile the thyroplasty
operation is very appealing, I would appeal to the group here to

approach it cautiously, not as an either/or operation necessarily,
but to accept it very selectively for very carefully worked-out
cases, perhaps when the cords are at different levels, which is one

of the times when we have particular problems with Teflon
injection - possibly in some of the cases where the posterior
third is not closed well enough.

ROBERT H. OSSOFF, DMD, MD (Nashville, Tenn): Iwould like
to congratulate all of these discussants for excellent manuscripts
and pay particular attention to a question for Dr Roger Crumley.
Has he, or has he thought of performing the elevation of a

mucosal microflap in conjunction with his ELMA operation?
The introduction to us ofa new technology, specifically the small

microspot manipulator, allows for this. I would think intuitively
that primary mucosal covering of this medial arytenoidectomy
would provide for possible superior results and less opportunity
for granuloma formation, as opposed to leaving it raw and to heal

by secondary intention.

EUGENE M. MYERS, MD (Pittsburgh, Pa): Dr Crumley, would

you respond?

ROGER L. CRUMLEY, MD (Irvine, Calif): The answer is, we

have not used that flap, but Bob saw my videotape yesterday, and
that suggestion is a very good one. The only problem is that itmay
be difficult to Keep that flap from flopping around in the airway
back there, because there could be a high volume ofhigh-velocity

airflow which makes it hard to tether. I know that some people
have had trouble getting that kind of a flap to stick. My question
is for the first paper from Washington and from Hopkins regard
ing the stroboscope. I am just wondering if there were other
modalities of vocal quality measurement used other than the

stroboscope, because I noted that 3 of the 10 patients that were

denervated had a mucosal wave, and I am beginning to think that
the stroboscopic mucosal wave is not really much ofa parameter
to use for vocal quality. The question is, were there other

parameters used?

CHARLES W. CUMMINGS, MD (Baltimore, Md): I want to

compliment Dr Montgomery and Dr Netterville for their papers.
They were excellent. Paul Flint and I had a system for a couple
of years that has been ready, and we have been using it, but we

can't get approval by the FDA. I would like to ask Dr Montgom
ery, I think Iheard that he said that this was available. Iwould like
to find out more about the availability of his system.

HARVEY M. TuCKER, MD (Cleveland, Ohio): I would like to
comment on the paper regarding mucosal wave return. It has been
observed, and we are in the process of trying to quantify this, that
the mucosal wave by stroboscopy can be a very nice way to

determine whetherparalysis exists or not. The utility ofthis is not

in whether the mucosal wave appears ornot, because that is really
a function ofwhether the vocal folds are close enough together to

allow the mucosal wave to begin in the first place. For example,
we have patients with bilateral vocal fold paralysis in which a

mucosal wave exists on stroboscopy. The value of this lies in the
fact that ifyou do stroboscopy at a modal pitch and then have the

_ patient try to raise pitch, an innervated vocal fold that can tense

will change the mucosal wave pattern. On the other hand, the

paralyzed vocal fold - that does not change tension with efforts
to raise pitch. Weare in the process oftrying to correlate this with
EMG.

CHRISTY L. LUDLOW, PHD (Bethesda, Md): I wanted to ask
about the first paper and whether they monitored whether there
was injury to the superior laryngeal nerve, since some of the
literature suggests that is often as involved as the recurrent.

RICHARD D. NICHOLS, MD (Detroit, Mich): Dr Crumley. I am

always impressed with the work he has done on laryngeal
physiology, but I am not sure that ELMA is going to improve
things very much. He indicated that he was successful in

decannulating one third ofthose who had tracheostomies. He did
indicate that perhaps it should be done on the other side. I think
that the results of laser arytenoidectomy are already unpredict
able. We have had modest experience, and in order to try to
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improve that, we placed endolaryngeal stents for 7 to 10 days
after laser arytenoidectomy, and our standard procedure now is
to remove them at some part of the posterior aspect of the cord,
and we do think that does not have a detrimental effect on voice.

DR MYERS: Dr Montgomery, would you respond to Dr

Cummings'question?
WILLIAM W. MONTGOMERY, MD (Boston, Mass): In answer to

Dr Cummings' question, he is right. This is readily available to

only us in the study. Watch your newspapers and TVs for ads
when it is released!

DR CUMMINGS: First, in response to Dr Crumley's question,
we were interested mainly in the presence of the mucosal wave

as it related to our EMG fmdings, and we did not attempt to look
at other parameters of voice quality in this particular study. With

regard to Dr Tucker's question, certainly we did observe patients
who were denervated who had present mucosal waves if the

glottis couldbe closed with compensatory movement. We did not

do as you suggest and attempt to quantify or qualify the change
in the wave with change in pitch, and that is perhaps something
we should do in the future. Finally, Dr Ludlow, there was only
one patient in our study who had evidence of injury to the superior
laryngeal nerve by denervation potentials in the cricothyroid
muscle, so there is really not enough to be able to make any
statement about that.

JAMES L. NETTERVILLE, MD (Nashville, Term): I would just
like to respond to Dr Lewy's comments, with a great deal of

respect for him and for his accomplishments in laryngology. We

only had one complication in ourgroup. That was a complication,
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in my judgment error, implanting someone after I had punctured
the ventricle. The revisions are what he is discussing. Most ofthe

patients that we revised, 16 out of 100, are patients whose voices
we would have been happy with had we injected them with
Teflon. We would have said that is a good Teflon injection. But
we are not happy with the Isshiki thyroplasty or phonosurgery,
because we have so much more ability to get the voice closer to

normal. So we are pushing that one step further in revising these

patients again to make them happier. The great thing is that we

could revise them. We couldn't with the Teflon. You can inject
a little more Teflon and get a worse result As to the ease of

teaching of this, I probably did three or four Teflon injections
during my residency. My attendings wouldn't let me do it They
were too scared we'd mess up. Of many of the attendings I have
talked to around the country, that is one of the few procedures
they do themselves, because if the resident injects it wrong, you
can't fix it. Almost anything else we do, we can fix, The

thyroplasties, every one ofthe residents that finishes ourprogram
can do them readily. They are very comfortable with them. So, I
think it is a much easier procedure to teach. The only way you can

learn Teflon injection is by injecting it yourself, and the experi
ence you gain is really at the expense of the patients that you did
not get it right on.

DR CRUMLEY: Dr Nichols' comments are well taken, and I
would agree that we don't know the effects yet of laser

arytenoidectomy ofany kind, partial or complete. The only thing
about this procedure is that it gives the opportunity to tune a little
bit or to take just as much arytenoid as is needed, instead ofdoing
a complete arytenoidectomy for every patient with airway im

pairment, and that is the message.
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THOMAS JAKOS, MD (Indianapolis, Ind): I enjoyed the talk by
Dr Bradley. I was wondering what he thought about the photo
metric analysis ofthese lesions, and whether he thinks it will play
any role in the future.

WILUAM R. WILSON, MD (Washington, DC): I have a ques
tion for Dr Hogikyan. I enjoyed his paper very much, but I was

interested in what intrinsically does he theorize about blood
transfusions that would cause the tumor to spread.

TIMOTHY M� MCCULLOCH, MD (Iowa City, Iowa): I just have
a quick comment for Dr Hogikyan, and I appreciate his good
paper, and Ijust wanted to state the one thing he didn't mention
was the possible use of preoperative autologous blood transfu
sion. We studied that possibility about 3 years ago and found that
66% of head and neck tumor patients could meet their blood

requirements with a 2-unit preoperative donation of autologous
blood, and certainly think we need to keep that as an option.

EUGENE KMYERs, MD (Pittsburgh, Pa): I had a question of
Mr Bradley, if I may take the prerogative. I wonder why in the

patients who failed the vocal cord stripping and lasering and had
recurrence, eithermultifocal or localized invasive squamous cell,
why you would refer them on for radiation when it has its own set

of failures, rather than either, since these are vocal cord lesions,
either a cordectomy or a hemilaryngectomy, which has an excel
lent chance without much risk of failure.

NORMAN D. HOOIKYAN, MD (St Louis, Mo): The question
about tumor spread versus blood transfusion. There is a host of
literature, both in animals and in humans, that following transfu
sion, there are documented changes in immunocompetent cell
lines that last for an extended period of time. It is more involved

. than I think I personally could comment on, and the specifics of
the immunologic mechanisms leading to the immunosuppres
sion, but it is clear that immunosuppression predisposes to

dissemination and malignant disease, and it is clear that follow

ing transfusion, immunocompetent cell lines are affected. As far
as the cell biology of that or at the microbiological level, I

probably should not comment on that.

PATRICK BRADLEY, MD (Nottingham, England): You have a

lot of these sciences available to you. To me, I have great
difficulty getting pathologists to report these. Certainly, before

my appointment to Nottingham, we had many clinicians doing
many different things. To answer Dr Myers, I am the only
otolaryngologist for 1.2 million, and I am the only one who does
head and neck. Basically, we run a triage system, and in the UK
patients do not like surgery. I also have a lotofother cases that are

more deserving ofmy surgical expertise than Tl, T2 glottics. We
can achieve tumor control ofTl, T2s in excess of95%, in the UK.

WILUAM 1. RIClITSMEIER, MD, PHD (Durham, NC): I had a

question for Dr Woo, and that was how he controls the stimula
tion of the larynx to get the reflex, particularly if you are looking
at patients that may have a sensory as well as a motor deficit. I
could see in his video that he was stimulating, but was not sure

how he standardized that. The other question I had was for Dr

Cohen, whether or not these piglets that fell into two different

groups were studied over time at all, and whether he thinks this
is a maturation process that is the difference between these, or

whether he knows anything else about this waveform that they
observed, if this is a single observation or whether there is some

other information about that process.

CHARLES N. FORD, MD (Madison, Wis): I would like to

commend Drs Cohen, Esclamado, and their colleagues in Michi

gan for a really elegantly done study, which I had a chance to

review for the Annals. I have one question which seems very
fundamental" to the hypothesis here, and that also relates to the
division of the control group from the prolonged apnea group. It
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seems to me, as I look at your data, that this group is divided at

26 seconds into two somewhat arbitrary groups, and if you look
at the data, it is a somewhat gaussian curve. You are taking an area

that is very heavily concentrated and dividing that in half, saying
that one half is normal control and the other half is not, and then
all ofyour other data relate to this division. The question is, have

you looked at some of the outliers? For example, there were

several piglets that had very prolonged apneic responses at 120
seconds or thereabouts. It seems you might be obscuring some of

your data by not looking at that group compared to a clearly
normative group, rather than trying to divide the groups in even

halves.

FRANas E. LFJEUNE, MD (New Orleans, La): I would like to

commend Dr Tran on his attemptto measure the elasticity of the
vocal folds, and I can see that the ease of measuring it in a lateral
direction, rather than in a vertical, is certainly more accessible,
but itwill take a great deal ofstudy on the cushion orcompression
effect ofthat lateral movementbefore I think it would be a clinical
tool to differentiate the normal from the abnormal. But I certainly
commend his study. and I would like to see more of it.

WILUAM R. HUDSON, MD (Durham, NC): DrWoo, would you
respond to the question from Dr Richtsmeier?

PEAK Woo, MD (Syracuse, NY): The laryngeal hook-wire
electrodes can be left in as the patient is awakened from the
anesthesia, so it is not necessary to leave the laryngoscope in

place. So the patient can be very, very light and, as the patient
becomes lighter and lighter you get a pattern. It is true that when

you just do that, you cannot quantify the amplitude of the
recruitment response, so that you cannot compare between pa
tients, but the overall pattern ofrecruitment can be seen. In a few

patients, when they are actually awake, you can ask them to

cough prior to extubation. That has been our basic way of

monitoring.
DR HUDSON: Dr Tran, would you respond?
QUANG T. TRAN, MD (Culver City, Calif): First, I would like

to congratulate you on inventing the device to measure the

Young's modulus. Our preliminary data, of course, use the
transverse markings instead of either longitudinal and vertical.
According to the observation, the wave mucosa appeared to

move on the transverse and lateral plane, whereas the flow is

actually on the vertical plane, and the transverse plane in our

opinion is probably more physiologic and also more suitable to

our in vivo setting. We don't know what it means yet, but of
course, more study will clarify the effectiveness ofthe transverse

Young modulus.

DR HUDSON: Dr Cohen, would you respond?
SCOTI COHEN, MD (Ann Arbor, Mich): I'll take the second

question first. The cutoff was arbitrary and was based on two

things. One, the 26 seconds represented the median among the
whole group of piglets. Secondly, the cutoff represented twice
the mean apnea duration present in older people, as it did not

demonstrate any kind ofvariation to any extent in LCR apnea. As
far as looking at the outliers versus the rest of the group, there
were a couple ofpiglets that demonstrated apnea to the extent that

they required resuscitation, and this group was compared to the
remainder of the group of piglets, which broke down basically
into 2 piglets versus 17 piglets. The numbers were too small to

really say anything statistically significant, and by doing more

piglets, we may fmd more far outliers, and those numbers can be
used. In reply to the second question, we have looked at the

response in a group of piglets aged 30 to 45 days, which are not

believed to demonstrate any kind of prolonged LCR apnea. We
have not fmished running the numbers between the adult group
and the younger groups.
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Dr Joseph L. Goldman, Professor and Chairman
Emeritus of the Department of Otolaryngology at

The Mount Sinai Medical Center, New York, New
York, died on Wednesday, August 21, 1991. Dr
Goldman was known internationally for his pioneer
ing efforts in the management ofcancer of the larynx
through the application ofcombined high-dose radia
tion therapy and surgery. He also did much to further
the treatment ofsinusitis through contributions to the
field of rhinology and in over 40 years of teaching
intranasal sinus surgery.

Born in New York City on January 16, 1904, Dr
Goldman obtained his BA from Columbia University
in 1924, and his MD from the Long Island College
Hospital Medical School in 1927. He served a 2-yeax:
rotating internship at the Brooklyn Jewish Hospital
and did his otolaryngology residency at New York's
Mount Sinai Hospital, the institution he served with
distinction for over 60 years. At the completion ofhis

residency in 1931, Dr Goldman undertook a fellow

ship in microbiology under the tutelage of Dr Greg
ory Schwartzman, which fellowship he later claimed
had a strong influence on his career as an otolaryngol
ogist. It was during this time that he began a research

project to determine whether immunotherapy could

favorably affect the outcome of pneumococcus type
Ill mastoiditis. A pneumococcal vaccine adminis
tered in the perioperative period did in fact reduce

mortality from 24% to 4% in a series of patients that
he treated over a 5-yearperiod. In a humorous vein Dr
Goldman would later comment that Alexander Flem

ing undermined his early scientific career. Neverthe
less, Dr Goldman continued to pursue his interest in

microbiology, noting that previous criteria for differ
entiating rhinologic disease lacked a definitive basis.
He concluded from studies he performed in the early
1950s that vasomotor rhinitis and sinusitis could only
be differentiated from infectious rhinitis and sinusitis
on a sound cytologic and microbiologic basis.

Dr Goldman served in the US Armed Forces for 4

years during WorId War II, attaining the rank of
Colonel, and was discharged in 1946 with special
commendation, having been Chief of Otolaryngol
ogy at the Army Air Force Regional Hospital, Drew
Field, Florida, and The William Beaumont Army
Hospital, EI Paso, Texas. After the war he returned to

the private practice of otolaryngology and was ac

tively associated on the staffs of the Mount Sinai and
Bellevue Hospitals.

Although widely acknowledged as an outstanding
otolaryngologist ofhis time, it was his role as educa-
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tor that gave Dr Goldman his greatest satisfaction and

pride. He was Director of the Department of Otolar
yngology at Mount Sinai Hospital from 1954 to 1972,
Professor and Chairman of Otolaryngology, The
Mount Sinai School ofMedicine, from 1966 to 1972,
and Director Emeritus, 1972 to the time ofhis death.

During his tenure at Mount Sinai he trained over 40

otolaryngologists, many of whom hold prominent
positions in the academic and clinical community in
the United States. He also held academic appoint
ments at the Columbia College of Physicians and

Surgeons and at New York University School of
Medicine.

In 1952, in a conversation with Dr Samuel Rosen

concerning the fenestration operation, Dr Goldman

suggested that the mobility of the stapes should be
tested at the outset of the operation so that the fenes
tration would not be done needlessly. It was while

testing the stapes in this fashion that Sam Rosen

accidently fractured and mobilized the stapes and the

patient's hearing improved on the operating table. Dr
Rosen immediately understood what had happened,
and Dr Goldman, then Chief of Service at Mount
Sinai, worked closely with Dr Rosen, helping him to

present his discovery, results, and technique to the

profession. This contribution was a milestone in the
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evolution of otolaryngology.
A prolific writer and researcher, Dr Goldman

authored over 50 papers based on his own research,
in addition to numerous other articles and book

chapters. In 1987, he was the principal editor and
contributor of a major work on the pathology, physi
ology, and surgical management of the nose and

paranasal sinuses: The Principles and Practice of
Rhinology (Wiley Medical).

One of Dr Goldman's proudest moments was on

June 18, 1963, at the 112th Annual Meeting of the
American Medical Association in Atlantic City. For
his Chairman's Address to the Section on Laryngol
ogy, Otology, and Rhinology, he chose the topic,
''The Boundaries of Otolaryngology," which was

published in its entirety (lAMA 1964;187:604-5). It
was his prophecy of what otolaryngology-head and
neck surgery should encompass and what it has since
become.

Dr Goldman served as Vice-President ofthe Ameri
canAcademyofOphthalmology and Otolaryngology
in 1964 and was President of the American Laryngo
logical, Rhinological and Otological Society in 1969.
For his notable contributions to rhinology and laryn
gology, the American Laryngological Association
presented Dr Goldman with the James E. Newcomb
Award in 1976, the Award of Merit in 1983, and the
De Roaldes Award in 1990. Upon the occasion ofDr
Goldman's retirement as professor and chairman at
The Mount Sinai School of Medicine in 1972, then
Professor and Chairman of Otolaryngology at New
York University School ofMedicine Dr John F. Daly
said, "Dr Goldman has been one of the foremost

moving forces in directing the course of otolaryn
gology as a medical specialty in this country."
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The two words that come to mind when reminisc

ing about Joe Goldman are caring andperseverance.
He showed great concern for his family, his patients,
his specialty, his hospital, his department, and last,
but by no means least, his residents. It is difficult to

know where he found the energy to give such gener
ous amounts of his time in all these areas. He did it
with love, enthusiasm, and sincerity.

His perseverance made him an outstanding physi
cian and a superb role model for his residents, whom
he considered his extended family. He settled for

nothing short of precision and perfection in surgery,
demanded the absolute best in patient care, and tena

ciously fought for what he referred to as "well
rounded" training forhis residents. This insistence on

a balanced and complete training often brought him
into conflict with specialties that shared the domain
of the head and neck. It was his unfailing persistence
that helped secure and preserve otolaryngology as the
full and enriching specialty it is today at The Mount
Sinai Medical Center and throughout the country. His
residents and the specialty owe much gratitude to Joe
Goldman for his vigilance and determination on their
behalf. In this, and in the example he set, he has left
an enduring legacy. It was a special privilege to have
been touched by Joseph L. Goldman.

He is survived by his second wife, the former
Selma Jaffe, his three children - Betty Sevin ofRye,
New York, Barbara Steinbach of Rockville, Mary
land, and James Goldman of Penn Valley, Pennsyl
vania - and six grandchildren. James, whose profes
sional name is Jim Gardner, is anchorman with Cap
Cities!ABC Television in Philadelphia.

S.M.B.
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Dan Miller was born in Kingston, New York, the
son of Mollie and Morris Miller. His father was a

baker and managed his own bakery. Dan worked as

a young boy, among other things, filling the jelly
doughnuts with that sweet filling that makes them
such good eating. He worked hard to make the neces

sary arrangements to go to medical school. His per
formance in one of his grammar school courses

augured well for a successful career in medicine: he
flunked penmanship. He had the distinction ofbeing
rejected at nine different schools, including Tufts. In
those days, preference was given at Tufts to scholars
from New England. Dan was from New York State,
not properly a part of New England. Ultimately he
was admitted to Tufts, from which he graduated third
in his class, and then he continued to the medical
school, where he graduated cum laude and a member
of Alpha Omega Alpha. For the past many years he
has served on their Board of Overseers. His intern

ship was at New York City Hospital, and his resi

dency training was in Boston at the Massachusetts

Eye and Ear Infirmary, where he performed with
distinction. He remained on the staff of the Eye and
Ear Infrrmary for many years and distinguished him
self by his excellence in patient care, his dedicated
contributions to the teaching program, and his con..

tinual clinical research, which firmly established his

right to be considered an academician.

His contributions to the medical societies have ,

been enormous. Eighty-seven publications and more

than 15 abstracts and reviews are a monument in
themselves to his industry and acumen. More honors
have come to Dan than to most. He was President of
the New England Otolaryngological Association, the
American Society for Head and Neck Surgery, and
the American Laryngological, Rhinological and Oto

logical Society. He was elected to membership in the
AmericanLaryngological Association in 1965, served
as its President in 1980, and was the recipient of the
Newcomb Award in 1984.

At the present time the DanielMillerProfessorship
of Head and Neck Oncology at Harvard Medical
School is being funded and it will be a perpetual
'memorial to this fine scholar. He received the Distin

guished Service Award from the American Academy
ofOtolaryngology-Head and Neck Surgery and also
from the Tufts Alumni Association. The Newcomb
Award came from the American Laryngological
Association, and he served on the Nominating Com
mittee for Medicine for the Nobel Prize. He was

generous of his time and wisdom in helping the
learned societies to prosper, and he espoused their
causes and the search for improved care for all

patients.
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He was a serious worker, performing his responsi
bilities in patient care with complete dedication to the
skillful and complete care of the patient. His care was

always delivered with empathy and with attention to

the details needed to make the patient's course as easy
and comfortable as possible.

His attention was attracted to the problems of
cancer early on in his career. He was among the first
to use cryotherapy in the treatment of malignancy,
and then, after he established the Head and Neck
Service at the Dana-Farber Cancer Institute, he de
voted the majorpart ofhis time and interest to the care

of head and neck cancer patients. Although he was a

consummate surgeon, he developed great interest in
the medical management of these patients with radio

therapy and with chemotherapy, especially its use in

adjuvant therapy in an effort to improve the long
term statistical opportunity for the individual patient.

Through all this, Dan was still most concerned
with and interested in the welfare ofhis family, whom
he prized above all else. His three girls, Claire, Laura,
and Diane, were the jewels for whom he worked.
These lovely ladies came into his life later than usual
for most people, and he was fiercely dedicated to

providing both the creature comforts and the oppor
tunity for intellectual advancement for them. He
surrounded them with beauty in the home, love and

attention, and encouragement to progress and take



advantage of the educational opportunities that en

velop young people these days.
Dan had three boys by an earlier marriage and was

especially proud of the accomplishments of Ralph,
who now practices veterinary medicine in Colorado.

It was characteristic of Dan that he would plan to

introduce some humor into an otherwise serious

subject. He felt that humor leavened the serious side
of the matter and made it more palatable, and most of
his presentations were spiced with some well-placed
and tasteful humor.
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Unfortunately, Dan did not live to see all of his

plans and dreams come to fruition; no one could live
so long. He left a legacy of honesty, honorable

performance, faith, and love from which we can all
take inspiration.

Dan was a fine scholar, a physician's physician, an

appropriately volatile surgeon, a regular contributor
to the medical societies and programs, and an utterly
reliable friend. We all shall miss him.

L.W.P.



198

After a long and distinguished career in medicine
and otolaryngology, Dr Carlos Munoz-MacCormick
died ofmetastatic melanoma on May 31, 1991. As the

organizer and founding member of the Eye, Ear,
Nose and Throat Section of the Puerto Rico Medical
Association, he was considered the father ofotorhino

laryngology in Puerto Rico. Dr MacCormick was

born on August 27, 1907, in Cagauas, Puerto Rico.
After his premedical education at the University of
Puerto Rico, he received his medical education at

Boston University, graduating in June 1930. After

practicing general medicine in Puerto Rico for sev

eral years, he undertook his education in otolaryn
gology at the Massachusetts Eye and Ear Infrrmary
from 1935 to 1938. This was accomplished primarily
by postgraduate work in the Otolaryngology Depart
ments at the Massachusetts Eye and Ear Infirmary
and Harvard Medical School. He honed his newly
acquired skills as ChiefMedical Officer of the Civil
ian Conservation Corps camps and in 1938 began
working on the Otolaryngology Service at the San
Juan City Hospital, where he served as Chief from
1941 to 1944.

He served as otolaryngologist on the staffs of

Mimiya Hospital, from 1937 until his death, and of

University Hospital in the School of Tropical Medi
cine, from 1941 to 1948. He was Chief of the Depart
ment of Otolaryngology and Bronchoesophagology,
Auxilio Mutuo Hospital, in Hato Rey from 1944 to

1961, and was a Consultant in Otolaryngology to the

University Hospital, State Leprosarium, Municipal
Hospital, City Hospital, Veteran's Medical Adminis
tration Hospital, San Jorge Hospital, Presbyterian
Hospital, and Teacher's and Doctor's Hospital. He
rose to the rank ofProfessor ofClinical Otolaryngol
ogy in. the School of Medicine of the University of
Puerto Rico. He was also Assistant Director of the
Fundacion Investigaciones Clinicas.

He was extremely active in civic and governmen
tal affairs. This included duties as the General Execu
tive Director ofCivilian Defense for the entire island
of Puerto Rico from June 1942 to Novemb'er 1943
and participation in many local and civic' organiza
tions. He was a Founding Member of the Pan Ameri
can Association of Otorhinolaryngology, and served
as its President from 1971 to 1972, and was President
ofthe XVIII Pan American Congress in 1982. He was

a Fellow of the American College of Surgeons since
1951, member ofthe American Academy ofOphthal-
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mology and Otolaryngology, Fellow ofthe American

Laryngological, Rhinological and Otological Soci

ety, member of the American Laryngological Asso
ciation and First Vice-President in 1965, Fellow of
the American Broncho-Esophagological Society and
Vice-President from 1969 to 1970, and member of
the CollegiumOto-Rhino-LaryngologicumAmicitiae
Sacrum. He served as president of many of the

professional societies ofwhich he was a member. He
was also active in politics, serving as Member of the

Municipal Council for the City of San Juan in 1964
and in 1969, when he was Chairman of the Health and
Welfare Commission of the Municipal Assembly in
San Juan.

Dr Carlos Munoz-MacCormick will be remem

bered as a man of great vitality who maintained an

active interest in many varied fields of interest, and
for his indefatigable good nature. The Association
and his many friends extend their condolences to

Cuca, his wife of more than 59 years, and to his four
children and three grandchildren.

J.R.C.
A.M.



John Robert Richardson was born in Dorchester,
Massachusetts, July 11, 1906, the son of Bertram
Carver and Helen (Sullivan) Richardson. He attended

public schools in Dorchester and graduated from

English High School in Boston in 1923. He attended
Harvard College, from which he graduated summa

cum laude and Phi Beta Kappa in 1927. During his

undergraduate years he participated in the Officer's
Training Corps in the US Cavalry. In 1931 he gradu
ated from Harvard Medical School and interned at the

Newton-Wellesley Hospital. Following this, he served
his residency training at the Massachusetts Eye and
Ear Infirmary under the tutelage of Dr Harris P.
Mosher. Shortly thereafter, he was certified by the
American Board of Otolaryngology. He practiced in
Boston for 35 years and was affiliated with several of
the most prominent Boston hospitals. He was an

Associate Professor at the Harvard Medical School,
where he taught and lectured on a variety of medical

subjects. He made a number of contributions to the
medical literature ofour specialty and was influential
in introducing papain to the profession as an agent for

aiding in the removal of meat from the esophagus in
cases of obstruction from this foreign body. He was

a member of the American Academy ofOphthalmol
ogy and Otolaryngology, and a Life Fellow of the
American Academy of Otolaryngology-Head and
Neck Surgery, the American Laryngological,
Rhinological and Otological Society, the American

Broncho-Esophagological Association, the Ameri
can Medical Association, and the Massachusetts
Medical Society. He was elected to membership in
the American Laryngological Association in 1956
and had just completed 45 years of active member

ship in this organization.
He was recognized for his good judgment and his

leadership ability by his peers, who chose him to

serve as President ofthe Staffof theNewton-Wellesley
Hospital, President of the New England Otolaryngo
logical Society, President of the Staff of the Massa
chusetts Eye and Ear Infirmary, and President of the
Alumni Association of the Massachusetts Eye and
Ear Infirmary.

On July 6, 1932, he married Lorna Blanchard in

Searsport, Maine, a town to which both he and Lorna
had family connections of long standing. It was this
beautiful, coastal Maine town towhich they retired in
1967. Their union was blessed with four children:
John Robert, Jr, now a urologist in Hanover, New

Hampshire; Nancy (Mrs Eldred Munth) ofVillanova,
Pennsylvania; Mary (MrsWarner Brann) ofRockland,
Maine; and Helen (Mrs David Nezda) of Carrollton,
Texas. They had 12 grandchildren and three great
grandchildren.

During his years in practice, John was a perpetual
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JOHN ROBERT RICHARDSON
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student and a consummate practitioner of the spe
cialty. His special interests were associated with

bronchoesophagology, in which field he was a mas

ter. Tall and stately, with the diction of a proper
Bostonian, always the decorous gentleman, he was a

physician with a warm heart and a ready hand to help
his patients and to offer sage advice to his colleagues
who might request assistance. His lectures were mas

terpieces of clarity and teaching skill. After John's
death, Lorna received a letter from a grateful patient
whom John had treated in 1947. In concluding-her
letter, she summed up an accurate and significant
picture of John the physician in these words: "My
memory of him is only of the best, - competence,
with kindness and re-assurance. I will always be

eternally grateful to him." This was the John we knew
in the medical profession.

As known from the perspective of his family, he
was a warm, compassionate father whose major in
terest in life was the welfare and comfort of his

family. Following in his tradition are his son, a

urologist, and his grandson, who entered Columbia
College of Physicians and Surgeons as a freshman
medical student this fall. John loved to play golf, was

an inveterate gardener, and beautified the landscape
about his home by dint of hard work and skillful

planning of both flower and vegetable gardens. It is
a real pleasure to look across the beautiful gardens to

the sea beyond, as one gazes from the living room of
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their choice location on coastal Maine.

John was a public-spirited citizen, and shortly after
his return to Searsport he made an extensive survey of
the water and sewerage systems ofSearsport, a report
which led to municipal action with improvements as

recommended in the report. His chief interest in his
retirementyears was his contribution to the Penobscot
Marine Museum in Searsport, where he donated

many hundreds ofhours ofvolunteer labor and where
he also served as a member of the Board ofTrustees.

Memorials

His contributions were important to the welfare and
the progress of this fine institution.

He was fatally injured in an automobile accident
on June 8, 1991, near Searsport.

We shall miss John from our meetings and pro
grams, and still more we shall miss and mourn his loss
as a friend.

L.W.P.



OFFICERS 1879-1991

Presidents

1879 Louis Elsberg 1917 Thomas H. Halsted 1956 LeRoy A. Schall
1880 J. Solis-Cohen 1918 Cornelius G. Coakley 1957 Harry P. Schenck
1881 F.1. Knight 1919 Norval H. Pierce 1958 Fred W. Dixon
1882 G. M. Lefferts 1920 Harris P. Mosher 1959 William J. McNally
1883 F. H. Bosworth 1921 Harmon Smith 1960 Edwin N. Broyles
1884 E. L. Shurly 1922 Emil Mayer 1961 Dean M. Lierle
1885 Harrison Allen 1923 J. Payson Clark 1962 Francis E. Lejeune
1886 E. Fletcher Ingals 1924 Lee Wallace Dean 1963 Anderson C. Hilding
1887 R. P. Lincoln 1925 Greenfield Sluder 1964 Albert C. Furstenberg
1888 E.C.Morgan 1926 Chevalier Jackson 1965 Paul H. Holinger
1889 J. N. Mackenzie 1927 D. Bryson Delavan 1966 ,Joel J. Pressman
1890 W. C. Glasgow 1928 Charles W. Richardson 1967 Lawrence R. Boies
1891 S. W. Langmaid 1929 Lewis A. Coffin 1968 Francis W. Davison
1892 M. J. Asch 1930 Francis R. Packard 1969 Alden H. Miller
1893 D. Bryson Delavan 1931 George E. Shambaugh 1970 DeGraaf Woodman
1894 J. O. Roe 1932 George Fetterolf 1971 F. Johnson Putney
1895 W.H.Daly 1933 George M. Coates 1972 Frank D. Lathrop
1896 C. H. Knight 1934 Dunbar Roy 1973 G. Slaughter Fitz-Hugh
1897 T. R. French 1935 Burt R. Shurly 1974 Daniel C. Baker
1898 W. E. Casselberry 1936 William B. Chamberlain 1974 Joseph H. Ogura
1899 Samuel Johnston 1937 John F. Barnhill 1975 Stanton A. Friedberg
1900 H. L. Swain 1938 George B. Wood 1976 Charles M. Norris
1901 J. W. Farlow 1939 James A. Babbitt 1977 Charles F. Ferguson
1902 1. H. Bryan 1940 Gordon Berry 1978 John F. Daly
1903 J. H. Hartman 1941 Thomas E. Carmody 1979 John A. Kirchner
1904 C. C. Rice 1942-3 Charles 1. Imperatori 1980 Daniel Miller
1905 J. W. Gleitsmann 1944-5 Harold I. Lillie 1981 Harold C. Tabb
1906 A. W. de Roaldes 1946 Frank R. Spencer 1982 M. Stuart Strong
1907 H. S. Birkett 1947 Arthur W. Proetz 1983 John S. Lewis
1908 A. Coolidge, Jr 1948 Frederick T. Hill 1984 Gabriel F. Tucker, Jr
1909 1. E. Logan 1949 Ralph A. Fenton 1985 Douglas P. Bryce

'1910 D. Braden Kyle 1950 Gordon B. New 1986 Loring W. Pratt
1911 James E. Newcomb 1951 H. Marshall Taylor 1987 Blair Fearon
1912 George A. Leland 1952 Louis H. Clerf 1988 Seymour R. Cohen
1913 Thomas Hubbard 1953 Gordon F. Harkness 1989 Eugene N. Myers
1914 AlexanderW.MacCoy 1954 Henry B. Orton 1990 James B. Snow, Jr
1915 G. Hudson Makuen 1955 Bernard J. McMahon 1991 John M. Fredrickson
1916 Joseph L. Goodale

Vice-Presidents (First and Second)

1879 F. H. Davis 1899 T. A. DeBlois, M. R. Brown
1880 W. C. Glasgow, J. O. Roe 1900 H. L. Wahner, A. A. Bliss
1881 E. L. Shurly, W. Porter 1901 1. W. Gleitsmann, D. Braden Kyle
1882 C. Seiler, E. F. Ingals 1902 G. A. Leland, T. Melville Hardie
1883 S. W. Langmaid, S. Johnston 1903 1. H. Lowman, W. Peyre Porcher
1884 J. H. Hartman, W. H. Daly 1904 Thomas Hubbard, W. J. Freeman
1885 H. A. Johnson, G. W. Major 1905 J. L. Goodale, C. W. Richardson
1886 E. C. Morgan, J. N. Mackenzie 1906 G. H. Makuen, A. R. Thrasher
1887 J. N. Mackenzie, S. W. Langmaid 1907 1. P. Clark, J. E. Rhodes
1888 W. C. Glasgow, C. E. DeM. Sajous 1908 E. Mayer, F. R. Packard
1889 F. Holden, C. E. Bean 1909 C. G. Coakley, H. P. Mosher
1890 J. O. Roe, J. H. Hartman 1910 Robert C. Myles, 1. M. Ingersoll
1891 M. J. Asch, S. Johnston 1911 F. C. Cobb, B. R. Shurly
1892 S. Johnston, J. C. Mulhall 1912 A. W. Watson, W. Scott Renner
1893 J. C. Mulhall, W. E. Casselberry 1913 F. E. Hopkins, George E. Shambaugh
1894 C. C. Rice, S. H. Chapman 1914 Clement T. Theisen, Lewis A. Coffin
1895 1. Wright, A. W. de Roaldes 1915 1. Gordon Wilson, Christian R. Holmes
1896 T. M. Murray, D. N. Rankin 1916 Thomas H. Halsted, Greenfield Sluder
1897 A. W. MacCoy, H. S. Birkett 1917 John Edwin Rhodes, D. Crosby Greene
1898 J. W. Farlow, F. W. Hinkel 1918 George E. Shambaugh, John R. Winslow
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1919 Francis R. Packard, Harmon Smith
1920 Harmon Smith, W. B. Chamberlin
1921 Dunbar Roy, Robert C. Lynch
1922 George Fetterolf, Lorenzo B. Lockard
1923 Hubert Arrowsmith, Joseph B. Greene
1924 Ross H. Skillern, Gordon Berry
1925 John E. Mackenty, Robert Levy
1926 Lewis A. Coffin, William V. Mullin
1927 Charles W. Richardson, Hill Hastings
1928 Robert Clyde Lynch, Francis P. Emerson
1929 William B. Chamberlin, Ralph Albert Fenton
1930 Harris P. Mosher, James A. Babbitt
1931 Joseph B. Greene, E. Ross Faulkner
1932 Gordon Berry, Frank R. Spencer
1933 E. Ross Faulkner, Thomas S. Carmody
1934 Gordon B. New, Samuel McCullagh
1935 Edward C. Sewall, H. Marshall Taylor
1936 William P. Wherry, Harold I. Lillie
1937 Frank R. Spencer, Bernard 1. McMahon
1938 Ralph A. Fenton, Frederick T. Hill
1939 John H. Foster, Thomas R. Gittins
1940 Charles H. Porter, Gordon F. Harkness
1941 Arthur W. Proetz, Henry B. Orton
1942;3 Harold I. Lillie, Dean M. Lierle
1944-5 John J. Shea, Thomas C. Galloway
1946 H. Marshall Taylor, C. Stewart Nash
1947 John J. Shea, Frederick A. Figi
1948 Henry B. Orton, Anderson C. Hilding
1949 LeRoy A. Schall, Fletcher D. Woodward
1950 W. Likely Simpson, Lyman G. Richards

1951 William J. McNally, Thomas C. Galloway
1952 1. Mackenzie Brown, Edwin N. Broyles
1953 Claude C. Cody, Daniel S. Cunning
1954 James H. Maxwell, Clyde A. Heatly
1955 Robert L. Goodale, Paul H. Holinger
1956 Henry M. Goodyear, Robert E. Priest
1957 Francis E. Lejeune, Pierre P. Viole
1958 Charles Blassingame, Chevalier L. Jackson
1959 James H. Maxwell, Oliver Van Alyea
1960 Walter Theobald, Anderson C. Hilding
1961 Julius W. McCall, P. E. Ireland
1962 Paul M. Moore, Jerome A. Hilger
1963 Paul M. Holinger, Lester A. Brown
1964 B. Slaughter Fitz-Hugh, Daniel C. Baker
1965 C. E. Munoz-MacCormick, Arthur J. Cracovaner
1966 Lawrence R. Boies, G. Edward Tremble
1967 John F. Daly, Stanton A. Friedberg
1968 DeGraaf Woodman, John Murtagh
1969 Joseph P. Atkins, Stanton A. Friedberg
1970 Robert B. Lewy, Oliver W. Suehs
1971 James A. Harrill, James D. Baxter
1972 Francis L. Weille, Sam H. Sanders
.1973 William H. Saunders, Blair Fearon
1974 Joseph H. Ogura, Douglas P. Bryce, John A. Kirchner
1975 John S. Lewis, Edwin W. Cocke, Jr
1976 Emanuel M. Skolnik, John T. Dickinson
1977 J. Ryan Chandler, Herbert H. Dedo
1978 John E. Bordley, Lester A. Brown
1979 Albert H. Andrews, Seymour R. Cohen
1980 John Frazer, George A. Sisson

Vice-Presidents (Presidents-Elect)

1981 M. Stuart Strong
1982 John S. Lewis
1983 Gabriel F. Tucker, Jr
1984 Douglas P. Bryce

1985 Loring W. Pratt
1986 Blair Fearon
1987 Seymour R. Cohen
1988 Eugene N. Myers

1989 James B. Snow, Jr
1990 John M. Fredrickson
1991 William R. Hudson

Secretaries and Treasurers

1879 G. M. Lefferts
1882 D. Bryson Delavan

1889 C. H. Knight
1895 H. L. Swain

1900 P. E. Newcomb
1911 Harmon Smith

1879 F. H. Bosworth

Secretaries

1939 Charles J. Imperatori
1942 Arthur W. Proetz
1947 Louis H. Clerf
1952 Harry P. Schenck
1957 James H. Maxwell
1959 Lyman G. Richards

Treasurers

1939 Frederick T. Hill
1948 Gordon F. Harkness
1953 Fred W. Dixon
1958 Francis E. Lejeune
1962 Alden H. Miller

Librarians

1883 T. R. French

1968 Frank D. Lathrop
1972 John F. Daly
1977 William MacL. Trible
1982 Eugene N. Myers
1988 H. Bryan Neel III

1912 Harmon Smith
1918 D. Bryson Delavan
1919 1. M. Ingersoll
1920 George M. Coates
1933 William V. Mullin
1935 James A. Babbitt

1912 J. Payson Clark
1923 George Fetterolf
1932 William V. Mullin
1933 James A. Babbitt
1935 Charles 1. Imperatori

1969 Charles M. Norris
1976 Harold G. Tabb
1981 Loring W. Pratt
1985 John M. Fredrickson
1990 Robert W. Cantrell

1903 1. H. Bryan
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1930 John F. Barnhill 1934 Burt R. Shurly 1935 George M. Coates

Librarian and Historian

1936 George M. Coates 1944 Louis H. Clerf

Librarian, Historian and Editor

1947 Harry P. Schenck
1952 Bernard J. McMahon
1955 Edwin N. Broyles

1960 Francis W. Davison
1964 F. Johnson Putney
1971 Charles F. Ferguson

1977 Gabriel F. Tucker. Jr
1983 James B. Snow. Jr
1989 Paul H. Ward



DECEASED FELLOWS

Dates indicate original election to the Association.

Honorary Fellows

1946 Alonso, Justo M., Montevideo, Uruguay
1908 Barnhill, John F., Miami Beach, Fla
1893 Birkett, Herbert S., Montreal
1878 Bosworth, Francke H., New York
1940 Broyles, Edwin N., Baltimore
1917 Coates, George M., Philadelphia
1925 Clerf, Louis H., St Petersburg, Fla
1918 Dean, Lee Wallace, St Louis
1881 Delavan, D. Bryson, New York
1890 De La Sota y Lastra, Ramon, Seville, Spain
1893 de Roaldes, Arthur W., New Orleans
1923 Fenton, Ralph A., Portland, Ore
1879 French, Thomas R., Brooklyn, NY
1936 Galloway, Thomas C., Evanston, TIl
1880 Garcia, Manuel, London
1903 Harris, Thomas 1., New York
1943 Hilding, Anderson C., Duluth, Minn
1928 Hill, Frederick T., Waterville, Me
1945 I Holinger, Paul H., Chicago
1957 Huizinga, Eelco, Groningen, the Netherlands
1907 Jackson, Chevalier, Schwenksville, Pa
1878 Johnston, Samuel, Baltimore
1878 Lefferts, George Morewood, Katonah, NY
1914 Levy, Robert, Denver
1918 Lewis, Fielding 0., Media, Pa

1933 Lierle, Dean M., Iowa City
1883 Mackenzie, John N., Baltimore
1881 Mackenzie, Sir Morell, London
1910 Masser, Ferdinand, Naples, Italy
1904 Mosher, Harris P., Marblehead, Mass
1910 Moure, J. J. E., Bordeaux, France
1937 Nager, F. R., Zurich
1930 Negus, Sir Victor E., London
1918 Oliver, H. K., Boston
1957 Ono, Jo, Tokyo
1906 Pierce, Norval Harvey, San Diego
1937 Portmann, Georges, Bordeaux, France
1924 Proetz, Arthur C., St Louis
1932 Schall, LeRoy A., Boston
1909 Semon, Sir Felix, Great Missenden, England
1878 Solis-Cohen, J., Philadelphia
1973 Som, Max L., New York
1889 Swain, Henry L., New Haven, Conn
1914 Thomson, Sir St Clair, London
1903 Tilley, Herbert, London
1914 Wagner, Clinton, New York
1948 Williams, Henry L., Rochester, Minn
1951 Woodman, DeGraaf, New York
1890 Wright, Jonathan, Pleasantville, NY

Corresponding Fellows

1972 Arslan, Michele, Padua, Italy
1942 Batson, Oscar V., Philadelphia
1938 Blair, Vilray P., St Louis
1892 Browne,Lennox,London
1968 Cawthorne, Sir Terence, London
1940 Colledge, Lionel, London
1901 Collier, Mayo, Kearsney Abbey, Kent, England
1893 Desvernine, Carlos M., Havana
1966 Dohlman, Gosta, East Bradenton, Fla
1943 Eggston, Andrew A., New York
1930 Emerson, Francis P., Franklin, Mass
1961 Faaborg-Anderson, Kund, Nykobing, Denmark
1936 Fraser, John S., Edinburgh
1887 Gougenheim, A., Paris
1901 Grant, Sir James Dundas, London
1894 Holden, Edgar, Newark, NJ
1919 Kelly, Adam Brown, Helensburgh, Scotland
1881 Labus, Carlo, Milan, Italy
1950 Larsell, Olof, Portland, Ore
1931 LaSagna, Francesco, Parma, Italy
1926 Law, Frederick M., New York
1921 LeMaitre, Ferdinand, Paris
1902 Lermoyez, Marcel, Paris

1897 Luc, H., Paris
1896 MacDonald, Greville, Haslemere, England
1894 MacIntyre, John, Glasgow, Scotland
1903 McBride, P., York, England
1920 McKenzie, Dan, London
1919 McKernon, James F., New Canaan, Conn
1880 Meyer, Wilhelm, Copenhagen
1896 Mygind, Holger, Copenhagen
1950 Neil, James Hardie, Auckland, New Zealand
1919 Paterson, Donald Rose, Cardiff, Wales
1941 Patterson, Norman, Herts, England
1971 Rethi, Aurelius, Budapest
1919 Rogers, John, Jr, New York
1894 Sajous, C. E. DeM., Philadelphia
1924 Schaefer, J. Parson, Philadelphia
1896 Schmiegelow, Ernst, Copenhagen
1946 Segura, Eliseo, Buenos Aires
1940 Soto, E. Fernandez, Havana
1881 Thornton, Pugin, London
1913 Turner, A. Logan, Edinburgh
1880 Whistler, W. McNeil, London
1901 Wingrave, Wyatt, Lyme Regis, England
1894 Wolfenden, R. Norrie, Kent, England

Emeritus Fellows

1962 Arnold, Godfrey E., Clinton, Miss
1936 Ballenger, Howard C., Winnetka, III
1923 Barlow, Roy A., Nova Scotia, Canada
1915 Bames, Harry Aldrich, Kingston, Mass
1944 Beatty, Hugh G., Columbus, Ohio
1928 Beck, Joseph C., Chicago

1921 Berry, Gordon, Worcester, Mass
1944 Boies, Lawrence R., Minneapolis
1941 Bowers, Wesley c., New York
1901 Brown, 1. Price, Toronto
1955 Brown, Lester A., Atlanta
1891 Bryan, Joseph H., Washington, DC
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1913 Butler, Ralph, Philadelphia
1930 Campbell, Edward H., Philadelphia
1945 Campbell, Paul A., San Antonio, Tex
1959 Cardwell, Edgar P., Newark, NJ
1897 Clark, 1. Payson, Boston
1899 Cobb, Frederick C., Bradenton, Fla
1939 Cody, Claude C., Jr, Houston
1905 Coffin, Lewis A., New York
1957 Converse, John Marquis, New York
1893 Coolidge, Algernon, Boston
1959 Cracovaner, Arthur J., New York
1937 Crowe, Samuel H., Baltimore
1941 Cunning, Daniel S., New York
1913 Dabney, Virginia, Washington, DC
1951 Davison, Francis W., Danville, Pa
1882 De Blois, Thomas Amory, Boston
1968 DeWeese, David D., Portland, Ore
1941 Dixon, Fred W., Shaker Heights, Ohio
1947 Eagle, WattW.,NewBern,NC
1892 Farlow, John W., Boston
1930 Figi, Frederick A., Rochester, Minn
1955 Fitz-Hugh, G. Slaughter, Charlottesville, Va
1922 Forbes, Henry H., New York
1933 Foster, John H., Houston
1905 Freer, Otto T., Chicago
1932 Furstenberg, Albert C., Ann Arbor, Mich
1940 Gatewood, E. Trible, Richmond, Va
1928 Gittins, Thomas R., Sioux City, Iowa
1880 Gleitsmann, Joseph W., New York
1959 Goldman, Joseph L., New York
1922 Goldsmith, Perry G., Toronto
1898 Goodale, Joseph L., Ipswich, Mass
1940 Goodale, Robert L., Ipswich, Mass
1965 Goodyear, Henry M., Cincinnati
1932 Graham, Harrington B., San Francisco
1906 Greene, D. Crosby, Jr, Boston
1917 Greene, Joseph B., Asheville, NC
1950 Hall, Colby, Encino, Calif
1970 Halliday, Sir George C., Sydney, Australia
1905 Halsted, Thomas H., Los Angeles
1940 Hansel, French K., St Louis
1896 Hardie, Thomas Melville, Chicago
1959 Hart, Verling K., Charlotte, NC
1915 Hastings, Hill, Los Angeles
1944 Havens, Fred Z., Rochester, Minn
1888 Hinkel, Frank Whitehill, Buffalo
1944 Hoople, Gordon D., Syracuse, NY
1895 Hopkins, Frederick E., Springfield, Mass
1930 Houser, Karl M., Ardmore, Pa
1927 Hubbard, Thomas, Toledo
1919 Hurd, Lee Maidment, Rowayton, Conn
1920 Imperatori, Charles J., Essex, NY
1904 Ingersoll, John Marvin, Miami
1952 Ireland, Percy E., Toronto
1928 Jarvis, DeForest C., Barre, Vt
1939 Johnston, William H., Santa Barbara, Calif
1942 Kelly, Joseph D., New York
1918 Kenyon, Elmer L., Chicago
1921 Kernan, John D., New York
1965 King, James T., Atlanta
1929 Kistner, Frank B., Portland, Ore
1950 Kline, Oram R., Woodbury Heights, NJ
1885 Knight, Charles H., New York
1939 Large, Secord H., Cleveland
1963 Lathrop, Frank D., Pittsford, Vt
1939 Lejeune, Francis E., New Orleans
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1894 Leland, George A., Boston
1922 Lillie, Harold I., Rochester, Minn
1943 Lincoln, William R., Cleveland
1949 Lindsay, John R., Evanston, III
1927 Lukens, Robert M�, Wildwood Crest, NJ
1928 Lyman, Harry Webster, St Louis
1886 MacCoy, Alexander W., Philadelphia
1928 MacPherson, Duncan, New York
1941 Martin, Robert C., San Francisco
1896 Mayer, Emil, New York
1952 McCall, Julius W., Shaker Heights, Ohio
1951 McCart, Howard W. D., Toronto
1939 McCaskey, Carl H., Indianapolis
1943 McCullagh, Samuel, New York
1963 McGovern, Francis H., Danville, Va
1951 McHenry, Lawrence C., Oklahoma City
1923 McKinney, Richmond, Memphis
1933 McMahon, Bernard J., St Louis
1931 McNally, William J., Montreal
1965 Miller, Daniel, Boston
1954 Moore, Paul McN., Delray Beach, Fla
1957 Munoz-MacCormick, Carlos E., Santurce, PR
1953 Murtagh, John A., Hanover, NH
1939 Myers, John L., Kansas City, Mo
1927 Myerson, Mervin C., New York
1901 Myles, Robert C., New York
1937 Nash, C. Stewart, Rochester, NY
1922 New, Gordon B., Rochester, Minn
1923 Newhart, Horace, Minneapolis
1958 O'Keefe, John 1., Philadelphia
1903 Packard, Francis R., Philadelphia
1961 Pang, Lup Q., Honolulu, HI
1961 Pastore, PeterN., Richmond, Va
1948 Phelps, Kenneth A., Burlington, NC
1878 Porter, William, Ocean Springs, Mass
1942 Potts, John B., Omaha
1951 Rawlins, Aubrey G., San Francisco
1903 Renner, W. Scott, Buffalo
1897 Rhodes, John Edwin, Chicago
1884 Rice, Clarence C., New York
1905 Richards, George L., South Yarmouth, Mass
1956 Richardson, John R., Searsport, Me
1878 Robinson, Beverly, New York
1938 Salinger, Samuel, Palm Springs, Calif
1959 Sanders, Sam H., Memphis
1921 Sauer, William E., St Louis
1934 Schenck, Harry P., Philadelphia
1923 Sewall, Edward C., Palo Alto, Calif
1930 Seydell, Ernest M., Wichita, Kan
1907 Shambaugh, George E., Chicago
1939 Simpson, W. Likely, Memphis
1950 Smith, Austin T., Philadelphia
1908 Smith, Harmon, New York
1954 Sooy, Francis A., San Francisco
1923 Spencer, Frank R., Boulder, Colo
1947 Theobald, Walter H., Chicago
1927 Tobey, Harold G., Boston
1950 Tremble, G. Edward, Montreal
1925 Tucker, Gabriel, Haverford, Pa
1943 Van Alyea, Oliver E., Chicago
1941 Viole, Pierre, Los Angeles
1892 Wagner, Henry L., San Francisco
1892 Watson, Arthur W., Philadelphia
1948 Whalen, Edward 1., Hartford, Conn
1922 White, Francis W., New York
1939 Wilson, J. Gordon, Old Bennington, Vt
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1905 Wood, George B., Wynnewood, Pa

1958 Alfaro, Victor R., Washington, DC
1880 Allen, Harrison, Philadelphia
1969 Andrews, Albert H., Jr, Chicago
1917 Arrowsmith, Hubert, Brooklyn, NY
1879 Asch, Morris J., New York
1942 Ashley, Rae E., San Francisco
1958 Atkins, Joseph P., Philadelphia
1923 Babbitt, James A., Philadelphia
1906 Ballenger, William L., Chicago
1880 Bean, C. E., St Paul
1949 Beck, August L., New Rochelle, NY

1904 Berens, T. Passmore, New York
1924 Bigelow, Nolton, Providence, RI
1938 Blassingame, Charles D., Memphis
1893 Bliss, Arthur Ames, Philadelphia
1951 Boyden, Guy L., Portland, Ore
1895 Boylan,1. E., Cincinnati
1932 Brown, John Mackenzie, Los Angeles
1892 Brown, Moreau R., Chicago
1933 Buckley, Robert E., New York
1915 Canfield, R. Bishop, Ann Arbor, Mich
1934 Carmack, John Walter, Indianapolis
1924 Carmody, Thomas E., Denver
1889 Casselberry, William E., Chicago
1883 Chamberlain, C. W., Hartford, Conn
1917 Chamberlin, William B., Cleveland
1882 Chapman, S. Hartwell, New Haven, Conn
1896 Chappell, W. F., New York
1902 Coakley, Cornelius G., New York
1913 Coffin, Rockwell C., Boston
1918 Cox, Gerald H., New York
1880 Cushing, E. W., Boston
1878 Cutter, Ephraim, West Falmouth, Mass

1880 Daly, W. H., Pittsburgh
1878 Davis, F. H., Chicago
1941 Davis, Warren B., Philadelphia
1926 Dennis, Frank Lownes, Colorado Springs, Colo
1901 Dickerman, E. T., Chicago
1969 Dickinson, John T., Pittsburgh
1878 Donaldson, Frank, Baltimore
1954 Equen, Murdock S., Atlanta
1935 Eves, Curtis C., Philadelphia
1919 Faulkner, E. Ross, New York
1914 Fetterolf, George, Philadelphia
1901 Freeman, Walter J., Philadelphia
1917 Friedberg, Stanton A., Chicago
1897 Frothingham, Richard, New York
1940 Fuchs, Valentine H., New Orleans
1909 Getchell, Albert C., Worcester, Mass
1907 . Gibb, Joseph S., Philadelphia
1940 Gill, William D., San Antonio, Tex
1878 Glasgow, William Carr, St Louis
1913 Goldstein, Max A., St Louis
1905 Grayson, Charles P., Philadelphia
1934 Grove, William E., Milwaukee
1933 Harkness, Gordon F., Davenport, Iowa

1957 Harrill, James A., Winston-Salem, NC
1878 Hartman, J. H., Baltimore

1945 Hickey, Harold L., Denver
1879 Holden, Edgar, Newark, NJ
1907 Holmes, Christian R., Cincinnati
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Active Fellows

1935 Woodward, Fletcher D., Charlottesville, Va

1882 Hooper, Franklin H., Boston

1893 Hope, George B., New York

1938 Hourn, George E., St Louis
1939 Hunt, Westley Marshall, New York
1901 Hyatt, Frank, Washington, DC
1925 Iglauer, Samuel, Cincinnati
1878 Ingals, E. Fletcher, Chicago
1882 Ives, Frank L., New York
1938 Jackson, Chevalier L., Philadelphia
1880 Jarvis, William C., New York
1878 Johnson, Hosmer A., Chicago
1879 Johnson, Woolsey, New York
1960 Johnston, Kenneth C., Chicago
1961 Jones, Edley H., Vicksburg, Miss
1944 Jones, Marvin F., New York
1879 Kealhofer, R. H., St Louis
1964 Keim, W. Franklin, Montclair, NJ
1942 King, Edward D., North Hollywood, Calif
1901 King, Gordon, New Orleans
1878 Knight, Frederick Irving, Boston
1965 Knight, John S., Kansas City, Mo
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