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MINUTES OF THE EXECUTIVE SESSIONS

FIRST SESSION — MAY 7, 1994

The First Executive Session of the 1i5th Annual
Meeting was convened at 7:00 AM at the Breakers
Hotel, Palm Beach, Florida, Byron J. Bailey, MD,
presiding.

The following candidates, having been recom-
mended for Fellowship by the Council, were elected
to Active Fellowship: Elliot Abemayor, MD, Los
Angeles, California; Michael Broniatowski, MD,
Cleveland, Ohio; David Caldarelli, MD, Chicago,
Illinois; Nicholas J. Cassisi, MD, Gainesville, Florida;
G. Richard Holt, MD, San Antonio, Texas; James L.
Netterville, MD, Nashville, Tennessee; Barry Wenig,

MD, Chicago, Illinois; Gayle Woodson, MD, Mem-
phis, Tennessee; and to Corresponding Fellowship:
Reinhold Gregor, MB, BCh, Amsterdam, the Nether-
lands.

Following their election, the Active Fellows were
introduced by their sponsors and welcomed by Presi-
dent Bailey.

The following Fellows were elected to the Nomi-
nating Committee: Eugene N. Myers, MD, Chair-
man; PatrickJ. Doyle, MD; Lauren D. Holinger, MD;
Haskins Kashima, MD; and John A. Tucker, MD.

SECOND SESSION — MAY 8§, 1994

The Second Executive Session was opened by
President Bailey at 12:30 PM, and the report of the
Nominating Committee was received from Dr Eu-
gene N. Myers, Chairman of the Nominating Com-
mittee. The following Fellows were nominated and
unanimously elected to the Council: Byron J. Bailey,
MD; H. Bryan Neel III, MD, PhD; Robert W. Cantrell,
MD; Paul H. Ward, MD; John M. Fredrickson, MD;
Joyce A. Schild, MD; Gerald B. Healy, MD; Ernest
A. Weymuller, Jr, MD; William R. Hudson, MD; and
Robert H. Mathog, MD.

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

At the President’s direction, the newly elected
members of the Council, acting as Directors of the
Association, organized themselves for the year 1994-
1995 as follows: President, H. Bryan Neel III, MD,

PhD; Vice-President (President-Elect), Paul H. Ward,
MD; Secretary, Gerald B. Healy, MD; Treasurer,
Robert W. Cantrell, MD; Historian-Editor, Ernest A.
Weymuller, Jr, MD; First Councilor, John M. Fred-
rickson, MD; Second Councilor, William R. Hudson,
MD; Third Councilor, Byron J. Bailey, MD; and
Councilors-at-Large, Joyce A. Schild, MD, and Rob-
ert H. Mathog, MD.

The membership voted a dues increase to $250.00
with a $50.00 penalty for late payment.

At the close of the Scientific Session, the Execu-
tive Session was reconvened by President Bailey,
who introduced Dr H. Bryan Neel III as the new
President of the Association. Dr Neel thanked Dr
Bailey for his outstanding leadership and work as
President of the Association. The meeting was ad-
journed.



REPORTS

REPORT OF THE SECRETARY

The membership prior to this Annual Meeting consisted of 97
Active members, 55 Emeritus members, 28 Corresponding mem-
bers, and 10 Honorary members, for a total of 190 members. After
this year’s elections, the membership will consist of 105 Active
members, 55 Emeritus members, 29 Corresponding members,
and 10 Honorary members, for a total of 199 members.

There were 41 requests for applications and 14 formal submis-
sions for the American Laryngological Association Grant for
1993. This is the fourth 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 36 requests for applications for the 1994 grant.

The program evaluations of the 1993 Annual Meeting have
been reviewed carefully by the Council. There were 134 evalu-

ations returned. The Council also reviewed the written responses
to the evaluation questions. It was concluded that the 1993
program was very well received by the membership.

The next meeting of the American Laryngological Association
will be held at the Marriott Desert Springs Hotel in Palm Desert,
California, April 29-30, 1995, in conjunction with the 1995
Combined Otolaryngological Spring Meetings.

The next meeting of the American Laryngological Association
Council — the First (Winter) Council Meeting — will be held in
conjunction with the Southern Section of the Triological Society
at the Camelback Hotel.

Respectfully submitted,
Gerald B. Healy, MD
Secretary

REPORT OF THE HISTORIAN-EDITOR

I have the sad duty to report the deaths of two Honorary Fel-
lows and three Emeritus Fellows. Dr Luzius Ruedi was elected
to Corresponding membership in 1957 and was elevated to
Honorary Fellowship in 1968. He died on July 19, 1993. Dr
Wilbur J. Gould was elected to Honorary Fellowship in 1986. He
died on February 5, 1994. Dr John E. Bordley was elected to
membership in 1955 and was elevated to Emeritus status in 1986.
He died on July 12, 1993. Dr John B. Erich was elected to mem-
bership in 1952 and was elevated to Emeritus status in 1972. He
died on May 11, 1994. Dr Emanuel M. Skolnick was elected to
membership in 1987. He died on April 28, 1994.

A complete set of the Transactions is now maintained in the
library of the American Academy of Otolaryngology—Head and

Neck Surgery.

Atthe direction of the Executive Commiittee, any Transactions
that are more than 3 years old have been destroyed or placed in
departmental libraries except for 2 copies. Up to 15 copies of the
mostrecent 3 years are available to Fellows of the Association for
$2.00 per copy.

Manuscripts of the 1995 meeting should be in the hands of the
Editor of the Annals of Otology, Rhinology & Laryngology by
March 1, 1995.

Respectfully submitted,
Paul H. Ward, MD
Historian-Editor

REPORT OF THE REPRESENTATIVE TO THE BOARD OF GOVERNORS 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 winter meeting of the American Laryn-
gological Association Council, which was held in conjunction
with the Eastern Section of the American Laryngological, Rhi-
nological and Otological Society in New York City in January
1993. I attended the interim meeting of the Advisory Council to
Otolaryngology in Los Angeles, California, in April 1993, and
the Advisory Council meeting held in San Francisco during the
Clinical Congress in October 1993. In addition, I attended the
Annual Meeting of the Board of Governors, which was held on
October 11, 1993, at the San Francisco Hilton and Towers.
Primary concerns of the Governors presented at the Annual
Meeting in order of importance were health care reform, physi-
cian reimbursement, professional liability, third-party interven-
tion and utilization review, new technology education and cre-
dentialing, graduate medical education, and acquired immune
deficiency syndrome. A response report to the major concerns
was given by Frank R. Lewis, Jr, MD, FACS, Chairman of the
Board of Governors.

The feeling of many general surgeons that the American
College of Surgeons does not adequately represent them remains

a concern for the College. A number of steps have been taken by
the College to try to accommodate this concern. The size of the
Advisory Council for General Surgery has been increased, and
the spring meeting is devoted to general surgery. At the same
time, concern was expressed in the Advisory Council for Otolar-
yngology that the educational programs presented during the fall
meeting of the College may not be adequate in content for our
specialty to justify the expense of otolaryngologists belonging to
the College. Apparently, some otolaryngology councils are con-
sidering eliminating the requirement for their members to belong
to the American College of Surgeons. However, the consensus
feeling of the Advisory Council was that the American College
of Surgeons is the only group that can speak for the entire field of
surgery, and they are more effective in protecting our interest
than the American Medical Association. The American College
of Surgeons continues to be increasingly active in the socioeco-
nomic sphere, and this activity alone, without the educational
programs of the College, most likely justifies the expense for
otolaryngologists to belong.

Respectfully submitted,
Warren Y. Adkins, Jr, MD
Governor, American College of Surgeons



Reports 9

REPORT OF THE LIAISON OF THE AMERICAN BOARD OF OTOLARYNGOLOGY

The American Board of Otolaryngology (ABO) is pleased to
report the following.

Examination Statistics. Three successful examination cycles
have now been completed with use of the new examination
format. For certification, candidates must first pass a written
(qualifying) examination and then pass an oral examination. The
written and oral examination scores are not combined. Candi-
dates who pass the written examination have up to three consecu-
tive opportunities to take the oral examination. If a passing score
in the oral examination is not achieved after three examination
cycles, the candidate must reapply to take the written examina-
tion, and must again achieve a qualifying score in order to be
permitted to retake the oral examination.

Three hundred forty-five candidates took the written examina-
tion in September 1993. Of those candidates, 14% failed, while
the remaining 86% became candidates for the oral examination.
The oral examination was conducted for 337 candidates in April
1994 at the Palmer House Hotelin Chicago. Two hundred ninety-
seven individuals were certified as a result of this examination,
for an overall pass rate of 77%.

Elections. At the April 1994 business meeting, Dr M. Eugene
Tardy, Jr, was elected President, and Dr Eugene N. Myers was
elected Vice-President (President-Elect). Dr Robert W. Cantrell
was reelected to a third term as Executive Vice President, and Dr
D. Thane Cody continues to serve as Treasurer. Dr Herbert C.
Jones and Dr Gayle E. Woodson were elected to the Board of
Directors, replacing Dr Frank N. Ritter and Dr Paul H. Ward, who
were elevated to Senior Councilor status after many years of
dedicated service to the ABO. Dr Jones is in the private practice

of otolaryngology-head and neck surgery in Atlanta, Georgia,
and Dr Woodson is Professor of Otolaryngology at the Univer-
sity of Tennessee in Mempbhis.

Associate Examiners. The position of Associate Examiner was
initiated last year. To be elected as an Associate Examiner, an
individual must have served as an ABO examiner at least twice.
He or she must be prominent in the specialty, especially in the
areas of patient care and medical education, and must demon-
strate an interest and ability in the creation of educational and test
materials. The ABO is committed to electing and training new
examiners while maintaining consistency in administering the
examination. The Associate Examiners are a core group of
experienced examiners to fulfill this need, along with the Direc-
tors. Associate Examiners are elected to a 3-year term, and are
eligible for reelection to one additional term. The Associate
Examiners are (elected in 1992) Edward L. Applebaum, MD;
Hugh F. Biller, MD; Nicholas J. Cassisi, MD; A. Julianna Gulya,
MD; Lauren D. Holinger, MD; Jonas T. Johnson, MD; Herbert C.
Jones, MD; Frank E. Lucente, MD; Dale H. Rice, MD; James Y.
Suen, MD; Gayle E. Woodson, MD; and (elected in 1993) Robert
A. Dobie, MD; Paul J. Donald, MD; Ellen M. Friedman, MD;
Jack L. Gluckman, MD; G. Richard Holt, MD; Herman A.
Jenkins, MD; Douglas E. Mattox, MD; Richard T. Miyamoto,
MD; Robert H. Ossoff, MD; William J. Richtsmeier, MD;
Clarence T. Sasaki, MD; Nancy L. Snyderman, MD; and Ernest
A. Weymuller, Jr, MD.

Respectfully submitted,
Eugene N. Myers, MD
ABO Liaison to the
American Laryngological Association

REPORT OF THE TREASURER

I present the audited financial statement for the Council’s
review.

The Finance Committee, consisting of Drs Byron J. Bailey,
Gerald B. Healy, William R. Hudson, H. Bryan Neel III, and
Robert W. Cantrell, Chairman, met and reviewed the audited
financial statements for 1993 and made the following recommen-
dations for the Council’s consideration.

1. Proceeds from the Arthur W. Proetz Trust Fund shall be used
as a part of the research grant in 1994.

2. Since operating expenses exceeded revenues, a dues increase
from $200 to $250 will be recommended to the membership
at the annual meeting with a $50 penalty if not paid in 6
months.

3. Reimbursement for the Council members for the January
1994 Council Meeting is as follows.

a. Round trip coach airfare.

b. Rental car expenses or ground transportation from airport
to hotel.

c. Room (4 nights) in hotel, meals, and tips.

4. Reimbursement for the COSM May 1994 meeting will be as

follows.

a. President — 3 nights in hotel, plus cost of spouses lun-
cheon.

b. Secretary — 3 nights in hotel.
c. Council Members — 1 night in hotel.
5. Investment policy.
a. Funds to be invested.
1. 50% in equity.
2. 50% in fixed instruments.
b. Equities to be invested.

1. One half (25% of total) in a fund similar to Vanguard’s
indexed to Standard and Poor’s 500.

2. One half (25% of total) invested in stock as now.
Consideration should be given to investing in interna-
tional equities.

Respectfully submitted,
Robert W. Cantrell, MD
Treasurer

To the Board of Directors of the

American Laryngological Association

We have compiled the accompanying balance sheet of the



10 Reports

American Laryngological Association as of December 31, 1993,
and the related statements of revenues, expenses, and changes in
fund balances and cash flows for the year then ended, and the
accompanying supplementary information contained in Sched-
ulesIandII, which are presented only for supplementary analysis
purposes, in accordance with standards established by the Ameri-
can Institute of Certified Public Accountants.

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

STATEMENT OF ASSETS, LIABILITIES,
AND FUND BALANCES FOR THE YEAR ENDED
DECEMBER 31, 1993

ASSETS
Current Assets:
Eash*S=icheckingr A28 NGRSy ML SIS 2 $104,902
‘Money Market Fundsii it s oomns il 36,612
Alccountsireceivable ——dues. T 400
AccrucdantereStreCeVabIC L .. o e soivisessissasnesssssis 1,966

Prepaid expenses

Total Current Assets

Long-term Investments:
Marketable securities — stocks

US Treasury obligations
Total Long-term Investments.........ccc.ovevnsvneneee. $296,436
TotalzAssers: &5 vos wvims Sl wmng bt sl e $440,966

LIABILITIES AND FUND BALANCES
Fund Balances (Deficit):

General Rundiss o d s o0 ¢ i seusiia ($ 37,068)
mstEund oot e e e n st s e 478,034
Total Liabilities and Fund Balances ........................... $440,966

See Accountants’ Compilation Report and Notes to Financial State-
ments.

representation of the Association’s management. We have not
audited or reviewed the accompanying financial statements and
supplementary schedules and, accordingly, do not express an
opinion or any other form of assurance on them.

Respectfully submitted,
Deane and Fulton, Ltd

Charlottesville, Virginia
January 11, 1994

STATEMENT OF CASH FLOWS FOR THE YEAR ENDED
DECEMBER 31, 1993

Cash Flows From Operating Activities:
Deficit of revenues and investment
Income{oVerexpenditures s SRsn S a i SRrii ($ 7,846)
Adjustment to reconcile with net cash provided:
Increase in accounts receivable — dues.........ccceeeuenenn.
Decrease in accounts receivable — banquet ...
Decrease in accrued interest receivable ..........
Increase iniprepaid EXPENSES smmn. .o i Do
ILossion:sale of INVEStMENTS: v.ii s ssssitinin st fosnsss ot

Net Cash Applied to Operating Activities
Cash Flows From Investing Activities:

Proceeds from sale of investments.......................... $258,251

Payments to acquire investments ...........c.coceceeucuces (206,139)

Net Cash Provided by

Investing ActivViliestil Suliet et b Siu iy $ 52,112
Net Increase in Cash and Cash Equivalents ............... $ 44,434
Cash and Cash Equivalents, beginning of period. ....... $ 97,080
Cash and Cash Equivalents, end of period ................. $141,514

See Accountants’ Compilation Report and Notes to Financial State-
ments.
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SCHEDULE OF LONG-TERM INVESTMENTS
DECEMBER 31, 1993

Market
Stocks Shares Cost Value
American Telephone
& Telegraph 300 $ 8974 ' S 15950
Ameritech 60 15122 4,605
Bell Atlantic 80 1,138 4,740
General Public Utilities 400 10,218 12,350
IBM 40 15321 2,260
Long Island Lighting 200 4,661 4,875
MCI Communications 600 10,410 16,950
Niagara Mohawk Power 600 115122 W 12150
Nynex 80 1,068 3,210
Pacific Gas and Electric 300 9,423 10,538
Pacific Telesis 80 897 4,340
Procter & Gamble 200 10,136 11,400
Southern 200 6,389 8,825
Southwestern Bell 120 1,030 4,980
Texas Utilities 250 10,045 10,813
US West 300 8,730 13,762
$ 96,684  $141,548
US Treasury Obligations:
$100,000 37/8% Treasury Note
ducEcbruary: 28 1995881 = $ 99,876 $ 99,876
$100,000 37/8% Treasury Note
due October 31, 1995 .....ocvvvenn..n. $ 99,876 $ 99,876
$199,752  $199,752

See Accountants’ Compilation Report and Notes to Financial State-
ments.

STATEMENT OF REVENUES, EXPENSES, AND
CHANGES IN FUND BALANCES FOR THE YEAR
ENDED DECEMBER 31, 1993

Revenues:

% $ 18,800
COSNErepistration & i sase s lve e o T 13,670
Saleioftpublications t= i e S
Ponations;. i h

Annnal meeting ...t

Speaker sponsorship
Broetzillimsta s sonnl oo i e e e

Total revenues

Expenses: 4
Annual meeting andsbanquet ..o $.:27.35]1
@ouncilitrayel and expensesiy.. SR A5 TS 12,269
Printing, postage, and supplies ..... ...4,944
Professionalifees) =i oo e 2,099

Research awards/donations ....

Clencal'andiadministrative .~ . on b v an e 2,500
Rublicationsiat e oaetansautes o sl S 12,801
Insurances he irnitiia i s s e 1,795
Othertravelyi . o v sl st St Sod aliva ity 437
Accreditationfee i s 500
Niseellaneous,. vt idm Ea i Sl g SOl in s S oe 247
ifotaliexpendifiess - 2=t ot it ca e $ 86,092
Deficit of Revenues over Expenditures ....................... ($23,865)
InvestmentIncome ... 5 5. 16,757
LossionSaleiofilnvestments st .t (738)
Deficit of Revenues and AT E
Investment Income over EXPEnses ............ccooevvevene ($ 7,846)
Fund Balances, beginning of year ....... ...448,812
Hund, Balances, end Ofyear i cotiiostisovisieons: $440,966

See Accountants’ Compilation Report and Notes to Financial State-
ments.

SCHEDULE OF INDIVIDUAL TRUST FUNDS FOR THE YEAR ENDED DECEMBER 31, 1993

Fund Fund
Balance Balance
01/01/93 Revenues Income Disbursements Transfers 12/31/93
Daniel C. Baker, Jr,

Memorial Fund $ 51,398 $ $ 1733 $ 3,092 $ $ 50,039
Casselberry Fund 30,881 1,041 (1,000) 30,922
Johnston Fund 31,797 1,072 32,869
De Roaldes Fund 17,938 605 (235) 18,308
Newcomb Trust Fund 12,650 427 13,077
Newcomb Prize Fund 3,041 103 ( 128) 3,016
Research Fund 132,410 7,450 4,465 ( 16,500) 15137 128,962
Seymour Cohen Fund 130,033 4,385 134,418
Memorial Fund 33:726 650 15137 @137 34,376
Gabriel F. Tucker Fund 24,299 819 (194) 24,924
Dr Louis H. Clerf Memorial Fund 6,891 232 1123

$475,064 $ 8,100 $16,019 ($21,149) $ 0 $478,034

See Accountants’ Compilation Report and Notes to Financial Statements.
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NOTES TO FINANCIAL STATEMENTS — DECEMBER 31, 1993

1. Summary of significant accounting policies

This summary of significant 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 acrodigestive tract, and to engage in and to encourage research with respect
thereto. This includes the elevation of standards of the fundamental study and teaching of rhinology and laryngology in the undergraduate
and postgraduate medical schools of America, 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 of Accounting. 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, and money market accounts, 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 balance bears
to the total value of the trust funds at the beginning of the year. Additionally, 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
of Arthur 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 disbursements of net income from the fund: Robert W. Cantrell, MD; John M. Fredrickson, MD; William R. Hudson,
MD; H. Bryan Neel III, MD, PhD; and Byron J. Bailey, 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



RECIPIENTS OF THE DE ROALDES AWARD

1928  Chevalier Jackson 1976  Anderson E. Hilding
1931 D. Bryson Delavan 1979  Joseph H. Ogura
1934  Harris P. Mosher 1982  John J. Conley

1937 Lee Wallace Dean 1985 John A. Kirchner
1943  Ralph A. Fenton 1985  Charles M. Norris
1949  George M. Coates 1987 Walter P. Work
1951  Arthur W. Proetz 1988 DeGraaf Woodman
1954  Louis H. Clerf 1989 John F. Daly

1959  Albert C. Furstenberg 1990 Joseph L. Goldman
1960 Dean M. Lierle 1991 William W. Montgomery
1961  Frederick T. Hill 1992 M. Stuart Strong
1966  Paul H. Holinger — 1993  Douglas P. Bryce
1970  Francis E. LeJeune 1994 Paul H. Ward

1973 Lawrence R. Boies

RECIPIENTS OF THE CASSELBERRY AWARD

1923  George Fetterolf 1936  Francis E. LeJeune 1966  John A. Kirchner

and Herbert Fox and Joel J. Pressman and Barry D. Wyke
1928 Ralph A. Fenton 1939  H. Marshall Taylor 1968  Joseph H. Ogura

and O. Larsell and Brien T. King 1985 H. Bryan Neel III
1929  Richard A. Kemn 1940  French K. Hansel 1987  Joseph J. Fata

and Harry P. Schenck 1941 Noah D. Fabricant 1991 James L. Koufman
1929  Edward H. Campbell 1946  Paul H. Holinger 1993  Frank E. Lucente
1931  Arthur W. Proetz 1949 Henry B. Orton 1994  Ira Sanders
1934  Anderson C. Hilding 1962 Hans von Leden

RECIPIENTS OF THE NEWCOMB AWARD
1941  Burt R. Shurly 1961  Chevalier L. Jackson 1978 John F. Daly
1942  Francis R. Packard 1962  Paul H. Holinger 1979  Charles F. Ferguson
1943 George M. Coates 1963  Francis E. LeJeune 1980  Charles M. Norris
1944  Charles J. Imperatori 1964 Fred W. Dixon 1981 Stanton A. Friedberg
1947  Harris P. Mosher . 1982  William M. Trible
1948  Gordon Berry iggg Ed:]:;bé i’ioc {:rsds 1983  Harold G. Tabb
1949  Gordon B. New . : 1984  Daniel Miller
1950  H. Marshall Taylor 1967  Joseph H. Ogura 1985 M. Stuart Strong
1951  John D. Kernan 1968  Walter P. Work 1986 George A. Sisson
1952 William J. McNally 1969  John A. Kirchner 1987  John S. Lewis
1953 Frederick T. Hill 1970 “Iouis H: Elesf: 1988 Douglas P. Bryce
1954  Henry B. Orton 1971 Daniel C. Baker, Jr 1989 Loring W. Pratt
1955 Thomas C. Galloway 1972 Alden H. Miller 1990 William W. Montgomery
1956 Dean M. Lierle 1973  DeGraaf Woodman 1991 Seymour R. Cohen
1957 Gordon F. Harkness 1974  John J. Conley 1992  Paul H. Ward
1958  Albert C. Furstenberg 1975  Francis W. Davison 1993  Eugene N. Myers
1959  Harry P. Schenck 1976  Joseph L. Goldman 1994  Richard R. Gacek
1960  Joel J. Pressman 1977 F. Johnson Putney
RECIPIENTS OF THE GABRIEL F. TUCKER AWARD
1987  Seymour R. Cohen 1990 Gerald B. Healy 1993 John N. G. Evans
1988  Charles F. Ferguson 1991 John A. Tucker 1994  Joyce A. Schild
1989  Blair Fearon 1992  Bruce Benjamin
RECIPIENTS OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION AWARD

1988  Frank Netter 1991 Armold E. Aronson 1993 C. Everett Koop
1989  Shigeto Ikeda 1992  Michael Ter-Pogossian 1994  John C. Polanyi

1990 Hans Littmann
RECIPIENTS OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION RESIDENT

RESEARCH AWARD
1990 David C. Green 1991 Ramon M. Esclamado 1993  Gregory K. Hartig
1991  Timothy M. McCulloch 1992 David H. Henick 1994  Sina Nasri
RECIPIENTS OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION YOUNG
FACULTY RESEARCH AWARD
1991  Paul W. Flint 1993 Jay F. Piccirillo 1994 Hans J. Welkoborsky

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. Bambhill
August L. Beck
Gordon Berry

William E. Casselberry
Cornelius G. Coakley
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Lee Wallace Dean
Arthur W. De Roaldes
Fred W. Dixon

George Fetterolf

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

Joseph L. Goodale
William E. Grove
Gordon F. Harkness
Frederick T. Hill
George E. Hourn
Samuel Johnston
James E. Newcomb
Henry B. Orton
Lup Q. Pang
Pediatric Anaesthesia
Associates, Ltd, of the

BENEFACTORS

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
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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

Samuel Salinger

Sam H. Sanders

Harry P. Schenck

Karl Storz Endoscopy—
America, Inc

Oliver W. Suehs

William M. Trible

DeGraaf Woodman



PRESIDENTIAL REMARKS
THE FUTURE OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION

BYRON J. BAILEY, MD

We are privileged to live in a time of unprec-
edented changes in biomedical research, medical
education, and clinical practice. The rate of change,
the scope of the issues involved, and the depth of the
intent to restructure the very core of medicine has no
parallel in history. While it is likely that some of the
concepts and the principles that we have valued will
be lost, I believe that it is equally certain that inves-
tigators, teachers, and physicians will have an excit-
ing menu of new opportunities placed before them.
Those who have prepared themselves for the future,
those with open eyes and ears, and those with open
minds will be positioned to benefitin the years ahead.
This is a time for wise prophecy.

Recognizing the value of long-range and strategic
planning, the American Laryngological Association
(ALA) launched the first in a series of strategic
planning meetings on January 14, 1994, in Marco
Island, Florida. Those in attendance were Drs Robert
W. Cantrell, Roger L. Crumley, John M. Fredrickson,
Gerald B. Healy, William R. Hudson, Joyce A. Schild,
James B. Snow, Jr, and Paul H. Ward. The ideas were
creative, the discussions were lively, and the out-
come of that meeting represents a first step in the
evolution of a critical process of strategic planning
for the American Laryngological Association.

It has often been said that “only fools try to predict
the future.” I believe that in these times, only fools
don’t try to predict the future. Of course, itis never an
easy task, and as one great philosopher from our
national pastime (Yogi Berra) observed, “The hard
thing about trying to predict the future is that it hasn’t
happened yet.”

As you review the elements of our proposed plan,
we ask each member to provide feedback concerning
items with which you agree or disagree, and sugges-
tions for improving it. This will help us to determine
the ALA’s readiness to engage in reorganization for
the future. We need validation of our general impres-
sion that this Association is well positioned for future
events, but must be flexible, willing to change, and
unified in its focus on meeting the needs of our
patients. :

The broad purpose of our long-range and strategic
planning is to see the best role for the ALA in
tomorrow’s world and to restructure and move our
resources in that direction. This may not be easy, and
it may require a redefinition of the ALA in order to
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increase its importance to investigators, educators,
clinicians, and patients. In essence, it will require the
setting of some new priorities, and the implementa-
tion of some new programs. The end result will be
based on a careful reassessment of our mission,
strengths, weaknesses, threats, and opportunities.

The bottom line of the mission of the ALA focuses
on a vision of improved care of patients with laryn-
geal dysfunction by advancing diagnostic and treat-
ment methods, by emphasizing neurolaryngology,
and by expanding the research effort in this field..

Strengths. The ALA is a venerable professional
society whose members have made thousands of
important contributions to the field of laryngology.
The society has a tradition of excellence and has been
focused on important new information. We have
enjoyed a membership of outstanding quality, per-
haps to the point of maintaining an excessive element
of exclusivity. We have changed slowly, we have had
along commitment to stability, butin the end we have
had a willingness to adapt to the changing world
around us.

Weaknesses. In the perception of the strategic
planning group, the overarching weakness of the
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ALA is that it has a very low profile. Some view this
as the downside to our tradition of excellence and
have observed that our elitist attitude and our limited
membership may not work to our advantage in the
future. We have not been as successful in involving
key nonphysicians in our organization, nor have we
provided the level of support for research activities
that we must provide in the future. Beyond the
conduct of an excellent annual scientific meeting, we
have developed almost nothing in the way of an
organized educational program for the dynamic field
of laryngology.

Threats. The planning group observed with a sense
of sadness that we are losing the rich heritage of
laryngology, and notes that the names and contribu-
tions of the giants of the past century are generally
unknown by the younger specialists in our field. The
ALA has aminimal connection to the residents in our
specialty and lacks a communication link to primary
care physicians. At the present, there is a tenuous
bond between laryngologists and neurolaryngologists.
We lack standardization of many of our diagnostic
tests and treatments, and we are deficient in outcome
analysis for the therapies that we employ. Several of
these concerns are related to the minimal leadership
that this organization has provided in terms of seek-
ing major research support and identifying important
research priorities. The comment that we have all
heard on many occasions is that this is an important
professional society, but almost no one outside our
small membership understands the present or future
role of the ALA on the broad playing field of medi-
cine.

Opportunities. Now is the time for the ALA to
exert leadership in the area of biomedical research,
and I will expand on that theme with some specific
recommendations in a moment. We must design an
initiative that will allow us an organization, and in
conjunction with other organizations, to develop
high-quality educational materials for practicing oto-
laryngologists, for residents, and for primary care
physicians. We must recruit actively and welcome
warmly into the ALA those individuals who are
working in the emerging field of neurolaryngology.
As we set future policy, we must be certain that our
efforts are directed to unifying our small subspecialty,
and we must avoid any steps that would fragment this
field. We must provide leadership in the development
of standardized measurements in our diagnostic and
therapeutic efforts. Even the most casual observer
can see the disparity between the progress that has
been made in the field of audiology and hearing
testing and the lack of uniformity in the assessment of
vocal function and voice disorders. There is also a

tremendous opportunity for the ALA in providing
leadership in outcome research in the field of
laryngology, particularly through the cooperative
networking of existing resources and the encourage-
ment we can provide to new investigators. Success in
these areas will most certainly raise the profile of the
ALA and will validate the opinions that we hold
concerning its importance.

As we begin our march into the future, we must as
always begin with a single step. I see that first step to
be the reaching of a consensus that the ALA is in the
business of medical information. Our central purpose
is the discovery, the analysis, and the dissemination
of important new scientific information that is useful
in the daily decisions we make as we care for our
patients. Improvements in our medical information
base will lead to improving patient care.

If we can reach that consensus of the centrality of
medical information, how do we move forward with
aspecific plan of work? This question brings us to the
first of two important new concepts, and we will refer
to this as the ALA voice research network. This
organization currently funds one research grant per
year. We can and we must do more, and I believe that
it is realistic to set an initial goal of increasing our
grant support tenfold over the next 10 years. This will
require a new strategy and a new structure for the
purpose of raising funds from sources beyond our
own personal pocketbooks, namely, our patients, the
larger public, and corporations. Perhaps the final
model will bear some similarity to the Deafness
Research Foundation, or perhaps it will look rather
different. In any event, it will require the cooperative
spirit of many of our members, a mechanism for
dealing with both designated and unrestricted gifts, a
willingness to trade some autonomy for a greatly
expanded research treasury, and the ability to deal
rationally with many other important issues. Secur-
ing an effective professional staff will be the majox
key to success. Working with celebrities, perhaps
from many different fields of music and entertain-
ment, will greatly enhance the visibility of this pro-
gram and the ALA. I have appointed a task force to
pursue this initiative, and I am extremely pleased that
Dr Robert H. Ossoff has agreed to devote a good bit
of his energy to the launching of this effort.

The organizations likely to retain their viability in
the coming decades, and particularly those organiza-
tions that prosper, will find themselves extremely
dependent on strategic alliances. The concept of an
ALA-sponsored national voice research network is a
perfect example of a strategic alliance that holds the
key to the future of the ALA. Internal alliances,
networks of our members interacting toward a com-
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mon goal, have the potential to become the primary
force in setting national research priorities, securing
major research funding, and finding the answers to
our clinical questions through solid investigative
activities.

External networks, scientific partnerships, pro-
vide another major avenue for the future success of
the ALA. The second key initiative discussed by the
planning group is the creation of an ALA laryngeal
research study group. This group will focus on liai-
son with the National Institute on Deafness and Other
Communication Disorders (NIDCD) and will stay
abreast of NIDCD activities and provide input with
regard to important research priorities in laryngology
and neurolaryngology. There would be great value in
holding periodic meetings with the Director of NIDCD
and with other funding agencies. Ideally, the ALA
will provide the foundation for aresearch study group
engaged in cooperative, multi-institutional, clinical
investigation and outcome studies. It is feasible and
highly desirable to proceed with the preparation of a
grant application for funds to support such a study
group in the near future. I have appointed a task force
to pursue this initiative, and I am extremely pleased
that Dr Roger L. Crumley has agreed to lead this
effort.

If successful, these two initiatives will place the
ALA at the forefront of research in our field world-
wide. If successful, these two initiatives will bring
forth more important new scientific information in
the field of laryngology in a decade than has come
forward in the past century. Information is our future.
Information is the core of the ALA, and it has a value
greatly in excess of what we have given it in the past.

In medicine, research activities are almost always
interwoven with educational activities. This interde-
pendentrelationship is quite striking in some medical
disciplines with regard to fellowship training in
subspecialties. If we look at fellowships in the field of
laryngology, we note that there are currently four
such programs, and it is likely that the number will
increase. I believe that it is time for the ALA to define
itsrole with regard to fellowships in laryngology, lest
they begin to spring up almost at the whim of indi-
viduals, and occasionally with less than ideal educa-
tional motivation or commitment. Understand that
none of my remarks pertain to the four existing lar-
yngology fellowships. My concern, and I have ex-
pressed it publicly on numerous occasions, is that the
unrestrained proliferation of fellowship programs
invites a variety of abuses. Perhaps the ALA should
take aleadership position in developing amechanism
for sponsoring fellowships in laryngology. If so, this
could lead to the creation of a few fellowship pro-

grams of high quality. These should probably be a
minimum of 2 years in duration, and they should
contain a strong research element. While I have been
vocal in my objection to the proliferation of fellow-
ships, especially those with a tenuous preceptorship
quality, I want to be equally forceful in my support for
a few high-quality fellowships, as I sincerely believe
that the future of laryngeal research is closely linked
to the success of a few excellent fellowships. These
will be the source of the next generation of qualified
clinical investigators in laryngology and neurolaryn-

gology.

In the final segment of my address, I want to share
with you some of the important elements of the
transformation that the ALA must make to move
successfully into the next millennium. First of all, I
believe that we must change the way in which we
view this organization. In the future, we will do well
to think of the ALA less as a club, and more as an “18-
wheeler” on the information superhighway. To sur-
vive, and certainly to prosper, the ALA must come to
regard important new scientific information as its
core business. Information will be the keystone that
supports all of the other elements.

Inaddition, we mustregard the ALA, a corporation
serving a small subspecialty, as being a business in a
certain sense. This perspective is important because
of our competitive and rapidly changing world. In
such an environment, the ALA, as a corporate entity,
must focus on three items:

1. Defining our essential business.
2. Identifying our business needs.
3. Developing a strategic plan.

What are our business needs? While there are
many needs, I believe that four items deserve particu-
lar emphasis:

1. We must train a new generation of investigators
in the field of laryngology and neurolaryngology.
These investigators, in addition to their basic
research training, will need seed money, ongoing
research support, and an investigative environ-
ment that will nurture their careers and produce
important new information. Two key elements to
sustain their activity will be the ALA voice re-
search network and the ALA national laryngeal
research study group.

2. We should expand our membership, so that all
qualified clinicians and non-MD investigators
are included in this Association.

3. We need to develop an expanded publication
effort. Through the resources of the ALA and in
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collaboration with other organizations, we must
increase the amount of information provided to
residents and practicing physicians in otolaryn-
gology-head and neck surgery and to physicians
in primary care fields.

4. We need to develop a higher profile.

In tomorrow’s world, the ALA will have a focused
information strategy. We will utilize important prod-
ucts of our expanded research activities to increase
the scope and the reach of this organization through
the leverage obtained from internal and external
alliances, and thereby we will increase the flow of
new information to those in need of our product.

This ALA strategic plan builds on our strengths,
masks our weaknesses, and exploits the opportunities
that will open up to us in the near future. The talented
leaders of the future will avoid the threats and pitfalls
lurking along the way and will wisely leverage our
limited resources by means of strategic alliances
among our membership and outside of the ALA.

And finally, let me ask you to join me in seeking the
answers to the important questions about our future.
What will the ALA look like in 20 years or 50 years
or 100 years if we have recruited every deserving
laryngologist, established the voice research network
and the laryngeal research study group, embraced the
field of neurolaryngology, recognized information as
our essential business, and increased research fund-
ing through the ALA tenfold?

I believe that if we succeed in the area of these
initiatives that we will be astonished at the outcome.

Ican see the ALA standing preeminent inlaryngology
and neurolaryngology on the world stage. I see an
ALA future built upon the optimism of youth and the
wisdom that comes from experience. It is a vision of
the future that can only be achieved through coopera-
tion, persistence, and hard work. Time will reveal
whether I have shared with you the vision of a prophet
or the dream of just another fool trying to predict the
future.

In closing, I want to thank each of you for the high
honor and the privilege of serving this past year as
your President. It is a humbling experience for me to
read the names of those who served as President of
this organization during its long and illustrious his-

tory.

I am sincerely and deeply appreciative of the
efforts of so many members of this organization who
have enriched my life over the years. So much that we
accomplish flows directly from the knowledge, the
encouragement, and the wisdom of our teachers and
our colleagues. I feel truly blessed to have the oppor-
tunity to learn from individuals like Joel J. Pressman,
Paul H. Holinger, Joseph H. Ogura, George F. Reed,
George A. Sisson, Bobby R. Alford, James B. Snow,
Jr, Paul H. Ward, and so many others.

Andyet, we have barely scratched the surface. The
great majority of what we need to know remains
unknown. The task is far from finished, and it is
clearly up to each of you to take your particular
measure of responsibility and to make a commitment
to the continuing success of the ALA.



INTRODUCTION OF GUEST OF HONOR
PAUL H. WARD, MD

BYRON J. BAILEY, MD

It is a great pleasure to introduce our Guest of
Honor. Paul Ward has been a leader in our field for
many years. He distinguished himself in his early
years in Chicago, at Vanderbilt, and during many
years at UCLA. I have enjoyed greatly the opportu-
nity of working in many arenas with Paul and am
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continually impressed by his energy, his enthusiasm,
and his ability to analyze critically the important
issues confronting whatever group it might be. So, it
is a great pleasure to introduce Paul Ward to you and
to ask him to present a few of his thoughts as our
Guest of Honor.



GUEST OF HONOR ADDRESS

SOCIOECONOMIC, POLITICAL, AND SCIENTIFIC PREDICTIONS FOR
OTOLARYNGOLOGY AND LARYNGOLOGY BY THE YEAR 2000

PAUL H. WARD, MD

Let me express my decp appreciation to our Presi-
dent, Dr Byron Bailey, and the American Laryngo-
logical Association for this happy occasion of being
selected Guest of Honor. My address is merely an
appendage to President Bailey’s. He has asked me to
gaze into my crystal ball and come up with some
socioeconomic, political, and scientific predictions
for the next decade.

I’m reminded of the drunk who came home as the
sun was rising. His wife was irate and wanted to know
where he had been. He informed her he came home
late in the evening, stopped to rest in the hammock,
and fell asleep. She said she had taken down the old
hammock 3 weeks ago. His reply was, “Well, that’s
my story and I’m sticking with it.” What I am going
to guess may or may not occur, but it is my story and
I’'m going to stick with it! It has about the same
potential and may be as accurate or inaccurate as the
expensive think tank studies commissioned by the
government and other private organizations.

We now have almost 1'/2 years of Clinton presi-
dency under his and her belts and a Congressional
majority of Democrats in both the House and Senate.
The milieu is preset for the most dramatic changes in
society since the passage of the Social Security Act
60 years ago and that of Medicare in 1965. The
President and Congress were elected upon their cam-
paign promises to fix the broken health care delivery
system. A system that is excessively expensive. A
system where many of the poor have no access, where
even the employed middle class with medical prob-
lems are only a pink slip away from the loss of their
medical insurance because of a preexisting condi-
tion, and where corporate employers who are respon-
sible for their employees’ medical bills change their
insurance carriers, leaving the employee without
access to his or her physicians.

No one, of course, knows what will happen to the
Clintons’ plan for universal medical care, how it will
be modified, or whether an alternate plan will be
submitted by Congress.

Health care consumed over 14% of our gross
national product in 1993, a figure predicted in 1989
to be reached in 1996. The current expenditure is
increasing by 1% of our GNP every 35 months.
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Currently, the major automotive companies expend
$750to $1,000 on health insurance for every automo-
bile produced. The President feels health care reform
is essential if we are going to get our economy on the
move again.

Passage of the Clinton plan or a modified version
of a competitive managed care plan appears probable
unless a single-payer nationalized plan is passed by
Congress. I have a strong feeling that we will go
through the experience of a competitive managed
care health process first. When the insurance compa-
nies, health maintenance organizations, and other
private health care corporations have wrung the sys-
tem dry, then we will witness buyouts, takeovers, and
failures of many corporations such as we saw with
Maxi Care a few years ago. At this point, with the
difficult cost-cutting accomplished, the administra-
tion and Congress will introduce and pass a single-
payer universal program. These experiences have
already happened in California and will soon happen
in your state. A single-payer initiative is already on
the California ballot for November.
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Let me return to the main topic of how these
socioeconomic changes impact the future of otolaryn-
gology-head and neck surgery.

Since the government’s stated objective is to in-
crease the number of primary care providers, which
include general physicians, internists, nurse practi-
tioners, and physician’s assistants, the impact will be
aprogrammed decrease in the numbers of all practic-
ing specialists, in our case otolaryngologist—-head and
neck surgeons.

Your American Board of Otolaryngology is inten-
sifying its manpower study to provide reasonable
estimates of the numbers of specialists in our field
who will be needed during the next decade based on
prevalence of various diseases and the number of
physicians who will be practicing in the specialty in
the coming years. This also includes predicting how
many residency positions are needed to meet these
expectations. These figures are expected to be avail-
able this summer.

Well, here are my calculations based upon existing
knowledge. There are currently approximately 8,000
otolaryngologists, of which 6,000 are Board-certi-
fied. Fourteen hundred otolaryngologist-head and
neck surgeons are currently 55 years old or older.
Most of this group have established their retirement
nest eggs, likely will not adapt to the loss of auton-
omy, and abhor governmental or corporate bureauc-
racy. I predict many of them will retire — something
we have already witnessed.

The 92 residency (some 5-year and others 6-year)
programs produce around 262 residents yearly. This
means there are approximately 1,200 to 1,300 resi-
dents in the training pool. In some programs, particu-
larly in the big Eastern cities, residents serve prima-
rily to provide service to indigent populations, learn-
ing by experience with minimal supervision. As a
matter of fact, without this care, many of the patients
in the county, city, and veterans hospitals would have
even more difficulty than they currently experience
inreceiving their basic care. This must be considered
in our calculations. Will patients with a Clinton Care
Card still frequent their current service providers, or
will they enter the system through local primary care
gatekeepers who will refer them to their group’s
specialist? The latter appears more likely and has the
potential for tremendous changes in our training of
students, residents, and paramedical personnel and a
shiftin the characteristics of our practice. The current
8,000 physicians (including residents) functioning as
otolaryngologists are excessive for the 257 million
population that is increasing at a projected 3 million
per year. In order to meet the cost cap, general
physicians, nurse practitioners, technicians, and other

less experienced paramedical personnel will be trained
to take care of sore throats, colds, otitis media, and
laryngitis. The primary care physicians and others
will remove cerumen, perform flexible and rigid
telescopic examinations, and perform biopsies on
appropriate lesions of the head and neck.

We can assume that residents currently in training
and most otolaryngologists under 55 will work until
age 65 or older because of lower-salaried incomes,
delayed acquisition of adequate retirement benefits,
and anticipated greater longevity.

According to my calculations, we will require only
5,000 to 5,500 otolaryngologists to care for the ex-
pected 285 to 295 million population in the year
2004.

Residency positions must be reduced 30% to 35%,
from 262 annually to 156 to 189. This is not cheerful
news to residency directors and academicians who
rely heavily upon residents to help them care for
patients in return for teaching and research time.
Since residency positions are primarily paid for by
governmental funds, limiting the positions funded
easily controls the numbers. Determining how and
which residency positions and programs are to be
deleted is a more difficult problem. Problems with
geographic distribution of both primary care and
specialist physicians will be solved by differential
incentive remuneration.

Some of these predictions sound dire to the older
generation of practicing otolaryngologists, but the
specialty has blossomed into one of the most dynamic
in medicine. Almost three times the number of highly
qualified applicants seek residencies in otolaryngoi-
ogy as there are residency positions. We can predict
that the dynamic breadth of the field, from the
microsurgery of the ear, sinuses, and larynx toradical
head and neck and reconstructive surgery, will con-
tinue to expand. There will appear new innovative
diagnostic and therapeutic modalities almost beyond
our imagination. Laryngology, neurolaryngology,
and voice diagnosis and therapy will emerge as a
recognized specialty.

The next decade is perhaps the most promising
ever for all of medicine. The current generation of
young people entering medicine and otolaryngology
do so because of the new challenges. Their attitude is
one of diminished expectations for monetary rewards
but with enhanced expectations and excitement about
current and developing technological, medical, and
surgical ‘advances.

The maturation and introduction of molecular bi-
ology offers the prevention and correction of many
genetic and acquired diseases through genetic engi-
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neering. This past year the French reported comple-
tion of the genome bank, beating out our national
competitive efforts to be first. They have shared these
data with the world, and the next few years will
provide the laborious sequencing of the 100,000
genetic pieces. Gene therapy, genetic engineering,
and splicing already offer promise of prevention and
correction of several diseases (for example, cystic
fibrosis). I predict we will finally see prevention and
cure of some head and neck cancers by this technol-
ogy (viral-induced papillomata and carcinoma of the
larynx, congenital defects of the larynx such as sub-
glottic and tracheal stenosis).

Other positive aspects of the restructuring of the
health care delivery system as it applies to otolaryn-
gology will be the elimination of most ineffectual
treatments, be they medical or surgical. Unnecessary
surgery and ineffectual medicines simply will not be
paid for with our tax dollars. Wasteful, inadequate,
and inferior hospitals, medical schools, and resi-
dency training programs will become extinct. The 6-
yearresidency will bereduced to 5 years. Residencies
will be shortened to minimize lengthy, marginally
effective service requirements, and stress will be
placed upon intensified training. In the medical cen-
ters the teaching and education of medical students,
paramedical personnel, and residents will be elevated
to a level of recognition equal to research. The abun-
dance of recently proliferating preceptor fellowships
will vanish.

Those who desire to go into otolaryngology—head
and neck surgery will find it even more competitive
and will do so because of a specific desire and love for
the specialty. Those who continue on to more re-
stricted fellowships will do so in search of personal
knowledge and satisfaction, since they will receive

little if any extra financial remuneration.

It seems safe to predict that like it or not, the private
practice of medicine as we have known it will cease.
Patients will be cared for by a pyramid of medical
personnel providing basic medical care to all citizens
of our great nation. A few staunch physicians may
hold out, as they have with Medicare, and provide
their services only to the wealthy. The wealthy can
always care for themselves, but our poor can no
longer go without. I continue to reassure the students
and residents that physicians will always be at the top
of the heap. They deserve a good living for their
intellect and lengthy training. If they care for society,
then society will continue to care for and reward
them. What is most important is to contribute to the
health and happiness of our fellow citizens. To seek
intellectual challenge and restore the confidence that
has led to the high esteem, respect, and prestige of
physicians. We have a bright future. Let’s focus and
work on making it better. I predict higher self-satis-
faction and greater freedom of time allotments with
more time for family and other personal activities.

In summary, what will be the overall effects of
these changes? I believe in the importance, dignity,
and the art and science of otolaryngology—head and
neck surgery. Our place in American medicine is
secure. William Faulkner, in his 1950 Nobel laure-
ate’s address, addressing the fear and doom of a
nuclear holocaust that permeated society, stated, “I
refuse to accept this. I believe that man will not
merely endure, he will prevail.” Paraphrased, I refuse
to accept the decline of our devotion to the highest
principles of otolaryngology. I believe that they will
not only endure but will prevail and will continue to
make us one of the most intellectually challenging
and dynamic fields of medicine.



PRESENTATION OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION
AWARD TO PROFESSOR JOHN C. POLANYI

T. DAVID BRIANT, MD

It gives me great pleasure to introduce Professor
John Charles Polanyi, PC, FC, FRS, the recipient of
the American Laryngological Association Award.
This award is given for achievement, whether for
medical or nonmedical work, which contributes to
the field of laryngology.

Professor Polanyi was educated at the University
of Manchester, England, and Princeton University in
the United States and joined the University of Toronto,
Canada, in 1956. He is not a medical doctor, but is a
physical chemist. His early interests were in chemi-
luminscence of various substances. Of note is the
Pergamon Press publication from London, 1956: “A
Theoretical Discussion of the Conditions Necessary
for Chemiluminescence Such as the ‘Airglow and
Aurora.”” He published a number of articles on both
infrared and visible chemiluminescence. In 1961 he
published an article: “Proposal for an Infrared Maser
[as the term laser wasn’tinvented at that time] Depen-
dent on Vibrational Excitation,” and later produced
another article on what he termed the iraser and the
vaser, infrared and visible analogues of the maser.
Thisis of interest because the chemistry, physics, and
mathematics involved led to the development of the
carbon dioxide laser. He has continued his work on
chemiluminescence, particularly in the infrared field.

In all, Professor Polanyi has 207 publications in
this field. In 1986 he was awarded a Nobel prize for
his early work in chemiluminescence. His Nobel
laureate address was titled “Some Concepts in Reac-
tion Dynamics” and involved the physics and chem-
istry of chemiluminescence. His early work led to an
understanding of present lasers. He was not the first
to build a laser; however, his work led directly to the
development of what we understand as lasers. Lasers,
of course, in our field have become a tremendously
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important tool. They allow surgeons to work with
extreme accuracy with absolute control of bleeding
in very inaccessible parts of the body such as the
larynx or the ear. The laser in other fields has had a
huge effect on the world of technology today. We are
indeed honored to have Professor Polanyi with us
today, and be able to in some small way honor a basic
scientist whose work has led to developments in a
field far from his own.

Professer Polanyi has a long series of awards. As
mentioned above, in 1986 he received the Nobel
Prize in Chemistry. He has received the Royal Medal
of the Royal Society of London, and 26 honorary
degrees from 26 countries. He served on the Prime
Minister of Canada’s Advisory Board on Science and
Technology and as a foreign honorary advisor to the
Institute of Molecular Sciences in Japan. He is hon-
orary advisor to the Max Planck Institute for Quan-
tum Optics in Germany. He is a board member of the
Steacie Institute for Molecular Sciences of Canada.
He was a founding member of both the Committee on
Scholarly Freedom of the Royal Society and also the
Canadian Committee for Scientists and Scholars, of
which he is the current President.

He has written extensively on science policy and
on the control of armaments and is co-editor of the
book The Dangers of Nuclear War. Professor Polanyi
is married to a very charming and active woman, Sue,
who composes, plays the piano, and teaches piano.
The Polanyis have two children: a daughter who is a
freelance journalist and a son who started out as a
physicist and is now a social worker.

It is my great pleasure to introduce Professor John
Polanyi. The title of his talk will be “Confessions of
a Scientist.”



RESPONSE OF THE RECIPIENT OF THE AMERICAN
LARYNGOLOGICAL ASSOCIATION AWARD

CONEFESSIONS OF A SCIENTIST

PROFESSOR JOHN C. POLANYI

The many occasions thatI and my wife have shared
with the medical community are a testimonial to your
generosity. I am not thinking here of generosity in
kind, but of mind. More than any profession that I
know, you reach out to other disciplines. You feel a
kinship, I think, with others, such as myself, who
attempt to understand the world and then, having
failed to understand it, are foolhardy enough to try to
improve it.

I chose to make my career in the inanimate sci-
ences. We all strike a variety of Faustian bargains. In
mine it was simply that in order to find an area of
study that was more tractable than yours, I was
obliged to choose one that was less significant. Liv-
ing things, as you rightly judged in your own career
choice, are much the most interesting. They are also
the most resistant to dependable generalizations —
which are the very stuff of science.

It may, however, come as some comfort to you to
realize that the pursuit of understanding, even at the
boundary between chemistry and physics where I
have spent my scientific life, is a pretty desperate
undertaking. This is the case despite the fact that
molecules generally keep their appointments and
lead fairly regular lives. Notwithstanding these ad-
vantages, it commonly takes decades in my own field
of chemical physics to recognize a recurrent pattern
of behavior in the midst of the confusion of unknown,
and hence uncontrolled, variables.

When my graduate students knock at my office
dooritis seldom in order to announce a discovery, but
rather to explain to me in agonizing detail why it is
that they are nowhere near making one. The only
source of satisfaction that these callers have is in
noting that once again the physician-in-chief, myself,
has proved his incompetence by prescribing a treat-
ment to which the molecules failed to respond.

This failure on my part leads to an interesting
question. How in fact does a research director differ
from those whose research he or she is directing? For
I believe a disinterested viewer would indeed notice
a difference. It consists in this. In the midst of the

scene of confusion that I have been describing, the
director is the one who believes — in the face of all
the evidence to the contrary — that the laws of
physics continue to apply. The truth, he believes, can
be found, and if one remains steadfast it will reveal
itself. It is a remarkable affirmation of faith. Some-
times the facts even bear it out.

If this picture of the anguish of the researcher is a
little overdrawn, it still comes closer to the realities of
doing science than did earlier caricatures, in which a
bloodless automaton was seen as having gained ac-
cess to the scientific method.

Moreover, an important change in perception has
occurred. Science has become such a prominent part
of ourlives that some glimmer of understanding of its
subtle nature, as well as its inevitable waste and error,
has reached the public.

We continue to do our best, of course, to keep the

John Polanyi is a Professor of Chemistry at the University of Toronto, where he studies molecular motions in simple chemical reactions, and made the
first proposals for vibrational lasers before lasers existed. He is a Nobel laureate (1986) and author of over 100 articles on science policy and issues bearing

on world peace.
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truth about science a secret by writing our papers as
works of fiction in which we claim to have known
what we were doing from the outset. Some of us go
further and deliver our papers in a monotone so as to
disguise our feelings toward our work, which, far
from being dispassionate, resemble those of a parent
for a child.

It would not matter at all if the actual truth about
science — at which I have been hinting — were out.
It is good that people realize that in science, as in any
other type of knowing, one must fumble in a dim light
in order to determine the outlines of things, and must
be prepared to revise one’s goals as they come into
view. No, what is so damaging is not that the truth is
out, but that it is half out. The public senses the
confusion that characterizes the voyage of scientific
discovery, but fails to appreciate the necessity for it.

There is, as a result, an opening for facile dema-
goguery, and in my country at least, the air is thick
with it. The cry is for a new order in science, an order
in which fundamental discoveries will at last be made
purposefully, with a view to wealth creation and so-
cial betterment. Scientific voyages of discovery are
in future to be assessed in advance, on the basis of the
geography of the lands they will ultimately discover.

When challenged in the past to say why I studied
the motions in newly formed chemical reaction prod-
ucts, I had, I thought, a ready answer. In the first
place, I was exploiting a new opportunity offered by
nature, and secondly, I was doing it because in my
estimation it could teach us something of importance.
For the way in which molecules move at the instant
of their birth should have things to tell us about the
intimate details of the event of chemical reaction.
And without chemical reaction we would not exist.

Increasingly, this appeal to the importance of new
understanding is falling on deaf ears in Canada. Since
understanding is for the long term, it seems to me that
we must be in the process of losing faith in our future.
Instead — rich as we are — we behave like commu-
nities under siege. “The time is too late for thought,”
we appear to be saying, “There is only time for
action.”

It is relatively easy to get support for an assault on
some recognizable enemy (lack of industrial com-
petitiveness, a cure for cancer or for AIDS), but it is
ever harder to get it for the vital purpose of reconnoi-
tering to see how that enemy has disposed his forces.

There is (if a layman may diagnose) an element of
schizophrenia in the public mood. The same indi-
viduals who express concern over the inefficiency
and ineffectiveness of discovery-oriented science
lament the speed of change forced upon us by the
current rapid pace of discovery.

Both things cannot be equally true, and of the two
it is the latter that is the truer. Our stumbling indi-
vidual pursuit of basic science, because it responds so
sensitively to nature’s contours, is in fact enormously
effective. The problems that we face do not stem from
the ineffectiveness of the scientific sorcerer, but from
the flood of discovery that has engulfed the sorcerer’s
apprentice.

In my own field the apprentice has brought the
delights of an easier life to some, together with the
hazards of overpopulation and unfulfilled expecta-
tions of prosperity to many. In yours a profession
with a tradition for caring has been offered, at a price,
the prospect of curing.

As always in the world of practice, calculations of
benefit are problematic. Itis all too easy, for example,
for the reality of care to be abandoned in favor of the
illusion of cure. Similarly, in my own world of
science-based megaprojects and quick fixes, care for
nature has all too often been neglected in favor of an
illusory cure for nature’s ills.

Our problems, those of the physical sciences in my
case and the medical sciences in yours, are not so
different. They have two sources: ignorance, and
arrogance (which stems from ignorance). The mes-
sage of these remarks, beyond my thanks for your
kindness, is to say that the process by which we battle
ignorance — the process of discovery — is as subtle
and as precious as life itself. That is not just hyper-
bole; from infancy on, discovefy is central to our
lives. Let us treasure it accordingly.



PRESENTATION OF THE GABRIEL F. TUCKER AWARD TO
JOYCE A. SCHILD, MD

BYRON J. BAILEY, MD

It is a pleasure to present the Gabriel F. Tucker pediatric laryngology and/or to the ALA. In this

Award for outstanding contributions in pediatric instance, Dr Joyce Schild from Chicago qualifies on
laryngology. I wouldlike to ask John Tucker to escort both counts, and itis a pleasure to present to Joyce this
this year’s Gabriel Tucker award winner to the po- beautiful medal in recognition of her outstanding
dium. This award was established in 1987 for indi- contributions.

viduals who have made outstanding contributions to

RESPONSE OF THE RECIPIENT OF THE GABRIEL F. TUCKER AWARD

JOYCE A. SCHILD, MD

Thank you very much. I was really overwhelmed the University of Illinois in Chicago. Gabe was a
when I first heard about this, and I still am. I worked wonderful teacher, a wonderful mentor, and a very
with Gabe for a number of years at Children’s, true friend, and I am really honored.

directly and then indirectly as I went full-time with
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INTRODUCTION OF THE 20TH DANIEL C. BAKER, JR, LECTURER,
LEROY E. HOOD, MD

ERNEST A. WEYMULLER, JR, MD

Excitement at the University of Washington was
palpable in 1992, when it was announced that Dr
Leroy Hood would leave his position as Director of
the National Science Foundation Science and Tech-
nology Center at Cal Tech to accept the William
Gates Chair in Molecular Biotechnology.

Time does not permit a full summary of Dr Hood’s
vitae, but you should know that he has produced 434
papers and that he has been honored with the Albert
Lasker Basic Medical Research Award and the Louis
Pasteur Award for Medical Innovation. In 1993 he
was named Scientist of the Year by R & D Magazine
for his instrumental role in launching and promoting
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the Human Genome Project and for his pioneering
rolein developing revolutionary instruments to study
genes, hormones, and antibodies.

In his youth Lee was an outstanding quarterback.
Now he climbs mountains for recreation. He and his
wife, Valerie, have two grown children.

This lectureship has featured leaders in our field,
but on appropriate occasions has brought us Lewis
Thomas, James Watson, and Howard Hiatt. It is my
great privilege to introduce Dr Leroy Hood, the next
of that distinguished company. Thank you, Lee, for
accepting our invitation.



TWENTIETH DANIEL C. BAKER, JR, MEMORIAL LECTURE

DECIPHERING HUMAN HEREDITY:
A REVOLUTION IN MEDICINE OF THE 21ST CENTURY

LEROY E. HOOD, MD ,

It is a pleasure to be here and share with you the
excitement of the change that is occurring in biology.
Although I won’t address specific issues that are of
particular interest to you, what I will try to do is give
you some idea of the enormous changes that are
coming and how we deal with genetic diseases,
infectious diseases, autoimmune diseases, and even
cancer. What has happened in the last 15 years in
biology has been an enormous revolution in the
techniques by which we can examine biological
information. What has happened in the past 2 or 3
years to our capacity to actually analyze biological
information has clearly given us a vision of what the
future, the 2 1st century, is going to hold for medicine,
and there will be, I think, two major revolutions.

One is the whole field of preventive medicine.
There will be a fundamental change. I’ll return to this
again. It would be interesting to have each of you
write a job description of what you might be doing in
25 years, and you might think about that after I finish
the lecture. The second is, of course, an even more
challenging issue in many ways. How do we integrate
our more detailed and fundamental understanding of
humans into society? Are there limits to what we
should explore? What are going to be the implica-
tions for these fundamental understandings? These
are all issues that I will return to. From the point of
view of medicine, the real revolution that is coming
is in our capacity both to manipulate and to decipher
biological information. This is going to be the basis
for a new medicine in the 21st century.

So, what would be useful is for you to have some
understanding of what I mean by biological informa-
tion. It turns out that this falls into three very interest-
ing categories. The first of the types of biological
information relates to the information that is present
in our chromosomes. As you know, chromosomes
have a four-letter language. They are long strings of
information that actually encode how one constructs
thehuman organism. There are approximately 100,000
of these units of information called genes; the infor-
mation is linear and digital. It is digital in the same
sense that the information you have in your comput-
ers is digital. Computers have a two-letter language,
one and zero. The chromosomes have the capacity to
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translate units of information, the genes, into a sec-
ond kind of nucleic acid called messenger RNA. It,
again, has a four-letter language. Ultimately, that is
translated through complex machinery into the final
output, which are linear strings called proteins, which
have 20 letters in their language. It is proteins that
constitute the second type of biological language,
because these strings can actually fold in three di-
mensions to construct molecular machines. Itis these
molecular machines that catalyze the chemistry of
life and give the body shape and form. In fact, when
you look at another individual, virtually everything
you see is a protein. One of the unsolved problems in
contemporary biology is the question, How does the
order of letters of the protein alphabet dictate how this
string folds in three dimensions to make a molecular
machine? This is called the protein folding problem,
and solving it will unlock the secrets to our being able
to design at will proteins that have any particular
molecular shape. These will be fundamental thera-
peutic agents for the future. I will talk a bit about
where we will use them.

So, the second type of biological information is the
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three-dimensional information that is encoded in our
proteins. So, we have one-dimensional information
in our chromosomes. We have three-dimensional
information in our proteins. Of course, the third type
is what happens when proteins and other macromol-
ecules assemble to make subcellular components,
and cells can interact in very complex ways to make
tissue. So, the third type of biological information is
the information that arises from complex systems and
networks of cells that constitute probably the most
interesting features that we will be dealing with in
biology in the future. What is striking about these
complex systems and networks are emergent proper-
ties. That is, properties that arise from complexity as
a consequence of the interaction of many different
fundamental units. The emergent properties can’t a
priori be predicted from the properties of the indi-
vidual units themselves, and let me use the nervous
system as an example. In humans we have 10!l
neurons that constitute 1018 connections. If, indeed,
we were to take out a single neuron and study it in
enormous detail for 20 years so we understood every-
thing it could do, it wouldn’t give us one iota more
information about consciousness or memory or emo-
tional stability, as these are fundamental human quali-
ties that are a consequence of the network of interact-
ing neurons. They are the so-called emergent proper-
ties.

The challenge in contemporary biology, then, is to
devise tools that will permit us to analyze biological
complexity. And, indeed, if this new department that
we formed at the University of Washington has any
major objective, it is to define the tools for attacking
biological complexity and point them toward inter-
esting biological problems, and I will show you one
or two in the future. You have the one-dimensional
information of the DNA, the three-dimensional in-
formation of proteins, and biological complexity.

Now, I am going to talk in just a moment about the
human genome, and let me say that there are two
sources of information for genomic analysis. DNA
can be taken directly from chromosomes, or one can
make copies of DNA messengers, and they have a
particular advantage, because that lets us focus just
on the genes themselves. It turns out just being able
to analyze the genes themselves through copies of
these messenger RNAs is really a critical new ap-
proach to cancer biology, and we will talk in a few
moments about that. Now, what is going to revolu-
tionize our understanding of all three types of bio-
logical complexity is deciphering the human ge-
nome, that is, being able to understand in detail the
nature of the 24 different human chromosomes de-
picted diagrammatically here and, in fact, how they

encode their 100,000 units or so of information. The
amount of information encoded in each and every one
of your 1014 cells is enormous, 3 billion letters of the
DNA alphabet packaged into 24 chromosomes: 23
pairs of chromosomes, and the sex chromosomes X
and Y, which, obviously, add the 24th chromosome.
They encode, as I have said before, 100,000 genes.
The fundamental function of this one-dimensional
information of our chromosomes is, of course, this
fascinating process of human development, how we
take a single cell, and each and every one of us goes
through exactly the same highly programmed pro-
cess to generate spheres and cylinders that flatten and
invaginate and ultimately form three major germ
layers and the 1014 cells in the human organism. The
fundamental biological question that remains here is,
What is the nature of this fascinating chromosomal
choreography that permits different subsets of infor-
mation, these 100,000 genes, to be expressed in each
of the different types of cells, so that muscle, brain,
and connective tissue cells are quite distant from one
another? This is the fundamental question of a second
major problem in biology, namely, developmental
biology, and it will be enormously enriched by de-
tailed understanding of the human genome.

The next question is, What do we mean by deci-
phering the human genome? We really mean for each
of our 24 chromosomes, the construction of two
major types of maps. A genetic map is constructed by
taking traits in humans that are encoded by genes,
hair color, eye color, perhaps the tendency to schizo-
phrenia, and the traits that actually have alternative
forms whose segregation can be followed through
families. This is classical genetics, and in following
that segregation, you can assign the trait or its gene of
a particular chromosome, and indeed, once you have
assigned a series of traits to a chromosome, you can
determine a relative order of these traits with respect
to one another. So, in a sense, what a genetic map can
do for us now is give us the general location of a
particular gene thatencodes a fascinating trait such as
schizophrenia. Now, the final type of map is called a
sequence map, and that’s done by determining the
exact order of each of the letters of the DNA alphabet
all the way across each chromosome. Now, the aver-
age human chromosome has 120 million letters in its
string. It obviously is an enormously complex object,
but it is the final map that will allow us to uniquely
and quickly identify the gene. So, the genetic map
might be likened to a general map of the United
States, where you could say the gene for schizophre-
nia is located in a particular city like Miami, whereas
the sequence map gives us the exact address of the
house within which that gene is located. Hence, we
know the chemical nature of that gene and we can
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begin to understand what it is about.

Thus, the Genome Project really has two major
objectives. In a sense, it really is not science. It is the
creation of this powerful infrastructure of maps that
will allow us to change both biology and medicine,
and itis the creation of tools that will allow us to carry
out these mapping techniques and to decipher the
information that we obtain. What I would say has
happened is the mapping techniques for genetic analy-
sis have come very quickly. The mapping techniques
for the sequencing analysis represent an enormous
technical challenge, and I will talk just a little about
that to give you a feel for some of the technologies
that are being developed. About 8 years ago we
developed a technology whereby you could color-
code each of the four letters of the DNA language
with a different fluorescent dye, and we developed an
approach whereby those labeled nucleotides could
then be successively identified by separation of DNA
fragments on gels, and the fragments could then be
interrogated by an argon laser beam and the color of
the band read into a computer so one could ultimately
translate the string of letters of the DNA alphabet that
were present in that particular DNA fragment. We
have developed machines now that have the capacity
to do 50 of these analyses simultaneously, so each of
these vertical columns represents the analysis of a
stretch of about 500 letters of the DNA alphabet from
50 different fragments of human DNA, and all of this
can be analyzed in the context of transferring the
information to computers and then beginning to carry
out the analysis. Now, the striking fact is that even
with these advances for the future, we need to de-
velop machines for sequencing DNA that are at least
100 if not 1,000 times more effective, and to do that
we are going to bring to biology an entirely new
technology called nanofabrication or microfabrica-
tion. One of the approaches is to take a silicon chip
that is the size of your fingernail — it is in many ways
akin to a computer chip — and to construct on that
silicon chip, for example, the 65,000 different possi-
bilities that exist for 8 consecutive letters of the DNA
alphabet and to construct them so we know the
address of each of the 65,000 sequences, so these
sequences can be used to interrogate unknown DNA
using the properties of one-dimensional molecular
complementarity. What we can read out from such a
chip is the simultaneous analysis of all the 8 mers that
might exist in a much longer string of 100,000 nucle-
otides, and then computationally we can take those 8
mers and assemble them into the unknown DNA
sequence. Sequence analysis in the future might be
done by very small DNA chips that can, in fact, read
out a sequence in a fraction of the time — one ten
thousandth of the time — it takes us now to carry out

DNA sequence analysis. Miniaturization and enor-
mous parallelization compressed together with pow-
erful computational techniques is what the future will
hold.

The next challenge is to think about all this infor-
mation we are getting. DNA sequencing gives us
little strings of information that are 500 letters of the
alphabet long, and we have to compare that against
the data base that now has more than 200 million
letters of the DNA alphabet. The key question is,
Does this new sequence look like anything else we
have seen before, so as to give us a clue as to its
particular function? The matching of small strings to
big strings is computationally an enormously diffi-
cult problem that increases exponentially as the size
of the strings compared increases. To get around that,
rather than using supercomputers, we have done
again the same thing. We have recently constructed a
computer chip that is again the size of a fingernail
which has 400,000 transistors. These are fundamen-
tal units of operation for a specialized coprocessor,
and this little chip has the capacity to carry out this
string matching analysis with unbelievable speed,
such that the chip, which we call a BIS chip, can carry
out a particular calculation in 3.5 seconds that takes
a parallel supercomputer a minute to do and a linear
supercomputer 12 minutes to do. This machine costs
$5 million. The other machine costs close to $15
million, and a board of these chips will probably cost
on the order of $10,000. Moreover, they can be
placed in simple PC workstations so that biologists
and physicians can then have access to this enor-
mously powerful approach. We are doing other things
like this to analyze biological information.

But let’s turn from the techniques to the consider-
ation of how the genome initiative will revolutionize
medicine as we move into the 21st century. The big
change, as I have already indicated, will be our ca-
pacity to fingerprint to diagnose genes, and this will
lead us to preventive medicine, which I will discuss
in just afew moments. Let me say also, as we identify
the 100,000 genes, they will be the basic components
by which hearts operate and immune systems operate
and nervous systems operate, so we will have the
building block component for understanding both
normal physiology and abnormal pathology in these
various types of systems. Let me give you anexample
of how the things we have talked about today are, I
think, going to fundamentally change how we look at
major problems. In the case of infectious disease,
AIDS has been a problem that has been challenging
and for which there has been modest success in spite
of enormous investment of fundamental research and
clinical dollars. The approach that we are planning to
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take at the University of Washington is to set up a
special facility that can decipher in a single day the
entire genome of a typical AIDS virus, which is
10,000 letters of the DNA alphabet. We will do an
entire genome in a day, and in a year we could
complete 200 to 300 genomes. With this complete
genome analysis, we can begin to ask fundamentally
different questions that relate to the unique epidemi-
ology and medical responses of the AIDS virus. How
does the whole AIDS virus change with drug resis-
tance? The structural genes — some studies have
been made there — but the regulatory genes will be
incredibly important to analyze. How does it change
with regard to vaccine resistance? What is the nature
of the AIDS virus and how it changes throughout the
course of an infection, which goes from latent to more
blatant and finally to extremely progressive forms?
The AIDS virus is a quasi species. The AIDS virus in
every individual represents many different genomes.
[t can represent differences of 4% to 6%. So, how do
you analyze that kind of complexity? We can do it
with the kind of sequence techniques we have devel-
oped here. And there are other fascinating questions.
There is a group of homosexuals in Australia that has
been infected for 13 years now with the AIDS virus
and never moved to frank disease. What is different
about that AIDS virus? Or why is it that some mothers
can transmit AIDS to their offspring and do so inevi-
tably, whereas others never do so? I think this kind of
one-dimensional analysis of the AIDS virus genomes
will fundamentally revolutionize how you can ap-
proach AIDS analysis.

We also have the capacity to take an entirely new
approach to solid tumor analysis. The difficulty with
most solid tumors, be they prostate, breast, lung,
ovarian, or many of the tumors that you have to deal
with, is that in each case the tissues in which the
tumors arise represent biologically complex tissues,
and to date, we have no good ways of dissecting the
nature of that biological complexity. By analyzing
these little bits of information that are translated into
messenger RNA, we can take a particular tissue such
as the prostate, analyze 2,000 of these units of infor-
mation, and then map them against a series of 20 to 30
different tumors that arise spontaneously in that tis-
sue to see which are expressed in which tumors. From
that information we can construct a lineage analysis
that tells us about the nature of complexity that arises
in that particular tissue, and at the same time it will
give us markers for each of the different cell types.
With these markers we can make correlations from
benign to malignant. With these markers we have
fundamental therapeutic tools using these techniques
of protein engineering that I discussed earlier to
design effective new types of therapeutic reagents.

By being able to carry out this analysis of the bits of
information present in a tissue, to map it against
tumors, to construct a lineage analysis and then to
map that against a clinical course of tumors, we will
be in the capacity to generate a whole new array of
diagnostic markers for solid tumors and therapeutic
tools for their attack.

Now, genetic diseases, of course, represent a par-
ticularly interesting area, and as one knows, genes
may be normal, or they may have the ability to cause
frank disease, or they may have the ability to predis-
pose to disease. The interesting thing is you can have
one defect on the chromosomes, one from the mother
and one from the father, that causes a disease, or you
can need two defects in order to get the disease. These
are dominant and recessive diseases, effectively. So,
a change can either cause a disease or it can predis-
pose to a disease. Here you need something in the
environment to trigger the disease. The Human Ge-
nome Project has given us some beautiful examples
of these genes. They fall into two interesting catego-
ries. The gene for cystic fibrosis has been mapped.
We can do diagnostic analyses and say whether you
are likely to get cystic fibrosis. But what we do not
have the capacity to do yet is anything from the
therapeutic point of view. Whereas for the second
category of genes that have been isolated — the colon
cancer gene is a representative example — we do
have preventive measures. There is a colon cancer
gene, isolated about 6 months ago, that causes about
10% of colon cancers. If you have one copy of that
gene, you have a 90% chance of getting colon cancer
at 50 but, if you start annual colonoscopy at age 25 or
so, you have a better than 95% chance of catching
these tumors at a premalignant state. Here we can
make the diagnosis, and we can suggest a therapeutic
or preventive alternative. More and more genes are
going to be falling into this particular category.

The other thing that one can say about the analysis
of genes and disease is that in most cases there are a
multiplicity of genes that cause disease. Our own
particular interest is in the case of autoimmunity
where, as you know, the immune system recognizes
some self component like the myelin sheath and it
makes T-helper cells that can mediate an immune
attack against that myelin sheath. The T-helper cells
represent a unique bottleneck in this whole process,
and they are the specific target that we are going to
approach for dealing in the future with autoimmune
diseases, because each type of T cell has a unique
molecular address called its T-cell receptor. When
you initiate the autoimmune disease, the T-helper
cells that start the process are very simple and have
relatively few of these molecular addresses. For ex-
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ample, in mouse autoimmune disease we have been
able to model autoimmune diseases that resemble
multiple sclerosis, in that there are two addresses. If
we make antibodies against each of the T-cell recep-
tor addresses and remove these cells prior to the
initiation of disease, we prevent the disease at the
100% level. Or we can let mice get active multiple
sclerosis-like disease, and we can reverse it with
these antibodies. Of course, thatis the kind of strategy
that we would like to apply to humans. To do it we
have carried out genetic mapping studies on one of
the gene families that encodes the addresses that
make these T-cell receptors. We, indeed, have local-
ized for a small subset of patients a particular region
within which must reside a gene that causes or predis-
poses to multiple sclerosis. And, indeed, it is not one
gene, but we have been able to show now that three
distinct immune receptor genes cause the disease.
What is more important to understand is that any
particular kind of autoimmune disease is not one
disease butit will really be 10 or 15 or 20 diseases. So,
multiple sclerosis will be 15 different diseases whose
subcategorization, whose stratification, can be car-
ried out by genome-wide genetic analyses. So what
we will do in the future is determine what type of
multiple sclerosis you have, and each therapeutic
address or target will be directed then toward its
specific subtype of disease. We know now that this
almost certainly will be true for all autoimmune
diseases. The basic idea is to design therapeutic
reagents that can attack these specific addresses
uniquely so we can have in a bottle reagents for 100
specific addresses that can delete any fraction of the
immune system that we wish. This will give us the
tools to deal with autoimmunity, transplantation re-
jection, allergy and hypersensitivity — those dis-
eases that deal with immune abnormalities. In the
- future we will be able to clonally expand specific T
cells using exactly the same strategy to deal with
cancer, infectious disease, or an entirely new ap-
proach to making vaccines.

The point that emerges from this type of analysis is
really quite an intriguing one. That is the idea that
most diseases we are interested in are going to be
encoded by a multiplicity of diseases, and of course
what that leads us to, then, is the really exciting
possibility. In the future we will have identified genes
that predispose to most common medical diseases,
and we will be able to carry out a DNA fingerprint
analysis for each individual at the age of consent and
be able to computationally identify the diseases to
which the individual is predisposed — more particu-
larly, the nature of the genetic defect that carries out
that predisposition. We will be able to prescribe
preventive measures.

This is where we move to the idea of manipulation
of biological information for the good of medicine.
All of these types of manipulation — and they are of
the one-dimensional, the three-dimensional, the com-
plex systems, and the network types — are the basic
strategies that are now being applied by a generation
of genetic engineering companies that will specialize
in the ability to use applied molecular evolution of a
whole series of different techniques. These are going
to be the substrate from which we will model the
preventive therapies of the future. This capacity raises
interesting questions that society must worry about.
Scientists put human genes in mice, and here are a
couple of mice sticking up some humans. The really
interesting question that raises is the question of
individual responsibility, for, in fact, if your genes
can control your behavior and, more specifically, can
control a social behavior, a fascinating question is to
what extent are you responsible for that behavior.
This runs square into the judicial system and Hume’s
idea of individual responsibility. This is going to be
an issue of enormous debate in the future. Humans
will be able to engineer themselves, will be able to
modify themselves in fantastic ways. This is not
going to be in 5 years or 10 years. This is in 25 or 50
years. But there is no doubt that we will be able to
engineer ourselves. To what end should that engi-
neering be focused? What are the limits? Many
citizens are worried about the new genetics and the
forbidden knowledge it is revealing. Should there be
limits to what we can do? And how should we
prescribe these limits? These are all questions I
would argue are of fundamental importance.

What I would like to do is close just by giving you
an idea of some of the changes that we are really
pushing at the University of Washington and point
out how they are going apply in a very fundamental
way to the whole field of medicine as we move into
the next century. We moved to the University of
Washington with really two ideas in mind. One, we
would like to do research in a different way using
powerful new interdisciplinary approaches. Two, we
have the feeling that the nature of the responsibility of
scientists and physicians to society has changed in
fundamental ways just in the last 5 years. Let me talk
about each of these in turn. With regard to interdisci-
plinary opportunities, if we are to solve the problem
of biological complexity, we need to use math, phys-
ics, chemistry, computer science, and engineering.
Since the practitioners of those arts speak a language
very different from that of medicine or biology, how
do we communicate and effectively collaborate? I
think we do it through students. We are setting up a
dual-mentored program — a mentor from our depart-
ment and from computer science — where a student
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can take aleading-edge biological problem and apply
computational tools to it. In doing so, the student will
be a medium of communication between the mentor
in biology and the mentor in computer science, and at
the same time, the student will be the mechanism by
which the powerful technologies of these disciplines
come to focus on biology. I would argue that in
medicine the same kinds of things are going to be
required. Think again about what your jobs will be if
this kind of preventive medicine and the ability to
manipulate biological information comes to the fore.

Finally, I would just like to point out that although
the Genome Project gives us the ability to handle
enormous complications — and this is a lineage
diagram of a worm that has 1,000 cells or so — we
still have major obligations to society. It is our
contention that scientists and physicians should be
spending 5% to 10% of their time bringing science to
society and dealing with the many complex issues
that society has to deal with. In that regard, the most
effective way we found to do this is through outreach
programs, and our department has setup a series of 12
outreach programs of hands-on science focused at
teachers. To give you a sense of that, we are bringing

to high school biology students the capacity to se-
quence the human genome. We figured out how to let
them do this in biology classrooms in the high schools.
The excitement of being able to do that is that so little
of the human genome has been analyzed, they are
creating real information that can be used by scien-
tists. At the same time, they discuss biological issues.
The final issue I would point outis how do we go from
a worm, the wiry diagram here, to a human with 1014
cells and an incredibly complex array of events that
lead to a final human organism? I hope I have given
you in this lecture the idea that the powerful tech-
niques that are arising from genomics are going to be
the tools by which we can attack biological complex-
ity. They are the tools that will revolutionize medi-
cine, and I think the question we can all ask ourselves
is, What will our role be in 25 years?

Dr Bailey: Dr Hood, on behalf of the American
Laryngological Association, I would like to present
you with this diploma in recognition of your out-
standing contributions to the art and science of
laryngology and rhinology, and I know that some-
where Daniel Baker is smiling to see this glimpse of
the future. Thank you for being our guest.
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The posterior cricoarytenoid (PCA) muscle, de-
scribed by Hast! as the respiratory muscle of the
larynx, is unique both in its importance for life and in
the difficulty of its physiological study for muscle
mechanics, because of its position in the neck. One of
the few advantages in the physiological study of this
muscle is that as Némai? indicated, it is one of the
most constant laryngeal muscles across mammalian
species in terms of both anatomy and function, so that
animal models can be used. We have focused on
findings from the dorsal cricoarytenoid muscle of the
dog as aphysiological model; by custom, this muscle
in the animal model will be referred to here as the
PCA muscle.

Réthi3# provided the first estimates of the strength
of the canine PCA muscle in tetanic contraction in
1897: 115 and 70 g. Although the mechanical situa-
tions of measurement were rather different, these
values compare reasonably with the value found by
Hast! of 79 g for tetanic contraction at resting length.
For reasons that will be clarified later, it is important

to compare the dynamic properties of the PCA muscle
with those of the other slower laryngeal muscle, the
cricothyroid (CT). Important findings were reported
by Martensson and Skoglund? as part of an extensive
study including a number of animal species and all
laryngeal muscles: the canine PCA muscle was found
to have a mean contraction time of 30 milliseconds
(ms) (range, 25 to 35), compared to 35 ms (range, 30
to 40) for the CT muscle. In Hast’s own studies, the
canine PCA muscle was found to have a mean con-
traction time of 44.4 ms,! compared to 39 ms for the
CT muscle.® Also in dogs, Sato and Hisa’ found
contraction times of 38 ms for the CT muscle and 42
ms for the PCA muscle. These findings should be
compared to those for the cat: Hirose et al® found a
contraction time of 22 ms for the cat PCA muscle and
44 ms for the cat CT muscle. In an in vitro study of rat
laryngeal muscles, Hinrichsen and Dulhunty? found
mean contraction times of 3.35 ms for the PCA
muscle and 7.2 ms for the CT muscle. A puzzle
emerges from these findings: Martensson and Skog-
lund’s’ findings for the dog and cat agree across
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Fig 1. Mean twitch contraction time in milliseconds (ms)
for cricothyroid muscle of indicated species (based on
references 1, 5-9, 14, 15) is plotted as function of duration
of respiratory cycle for that species in seconds. Interrupted
line is based on linear regression for which each species is
taken as single value.

species with those of Hirose et al8 for the cat and of
Hinrichsen and Dulhunty? for the rat in that the CT
muscle was found to be slower than the PCA, while
Hast!6 and Sato and Hisa’ found the reverse.

It may be asked how systematic comparison of
muscle speeds can be made across mammalian spe-
cies. Although cats and rats are no more dogs than
apples are oranges, they resemble them and each
other more in terms of their common mammalian
heritage than they differ. On the basis of the pub-
lished findings for the dynamic properties of laryn-
geal muscles in species studied so far, it appears that
the contraction time of a given laryngeal muscle
constitutes a fraction of the duration of the respiratory
cycle; this fraction is constant across species. The
duration of the respiratory cycle, in turn, is a simple
exponential function of animal mass. This finding
builds on earlier research of Hill,!0 Stahl,!! McMa-
hon,!2 and Peters!3 on physiological scaling. Thus, if
the scale of the animal is normalized, it appears that
both contraction times for given laryngeal muscles
and the breath duration are approximately constant
across the mammalian species studied so far. The use
of breath duration rather than other alternatives such
as heart rate as a representative of the scale of physi-
ological time has the advantage of a close link with
the respiratory function of the larynx and its muscles.

The laryngeal muscle for which the most physio-
logical data are available is the CT. Some variability
in findings will inevitably result from differences in
anesthesia, methods of force transduction, variation
of animal size within species, etc. Nevertheless, Fig
115-9,14,15 jllustrates a clear relationship between
contraction time and breath duration. Since the de-
scriptive statistics from many of the studies are in-
complete, the regression line was constructed by tak-
ing the result of each study as a single point!:5-%:14,15;

where several estimates for a given species were
available, they were averaged with equal weight. Far
fewer, and divergent, physiological data are available
for the PCA muscle. Given the cross-species con-
stancy of PCA anatomy and function noted above, the
preceding paragraphs suggest that the reasons for the
divergence of physiological findings within one spe-
cies should be examined carefully.

Our laboratory has undertaken a general study of
the relation between intramuscular fluid pressures in
laryngeal muscles and the force that they produce, the
first results of which were exemplified on the canine
thyroarytenoid muscle.!6 In applying these techniques
to the PCA muscle because of its special significance
as the respiratory muscle of the larynx, it has been
necessary to address the issue of the normal contrac-
tile properties of the PCA muscle as part of the
development of experimental procedures.

METHODS

Asindicated above, the position of the PCA muscle
in the neck makes its study difficult. The starting
point for our experimental work was the procedure
developed by Hast! for the study of the dynamic
contractile properties of the dorsal cricoarytenoid
muscle of the dog as a model for physiological study
of the PCA muscle. Hast’s description of procedures
was initially followed and is drawn on below. The
methods used were approved by the University of
Southern California Institutional Animal Care and
Use Commiittee.

After premedication with atropine sulfate, keta-
mine hydrochloride, and acepromazine maleate, gen-
eral anesthesia was induced with pentobarbital so-
dium, with the animal in a supine position on the
operating table. After the anterior neck and upper
chest were shaved, prepared, and draped, a midline
vertical incision was made from the hyoid bone to a
point near the sternum. A tracheostomy was per-
formed, the animal was intubated, and assisted ven-
tilation was begun and continued throughout the
experiment. Heart activity was monitored continu-
ously by an electrocardiograph or a pulse oximeter.
Anesthesia was increased as necessary. After exci-
sion of the thyrohyoid muscle, the thyroid attachment
of the inferior pharyngeal constrictor, and the middle
and lateral thyrohyoid ligaments, the larynx was
dissected free from the pharynx. The larynx was
lifted out of the neck and retracted caudally so that the
dorsal aspect of the larynx was accessible.

All attachments except the PCA muscle were dis-
sected away from the arytenoid cartilage on the side
to be studied; then a Teflon-coated polyester 2-0
suture was attached between the arytenoid cartilage
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Fig 2. Posterior cricoarytenoid muscle isometric twitches

from same dog at indicated temperatures as measured by

intramuscular fine wire thermocouple. At lower tempera-

;ure, t%itch has longer contraction time and higher peak
orce.

and the ergometer (Cambridge Technology 305B).
The direction of movement of the ergometer arm and
connecting suture was parallel to the direction of
most PCA fibers. A heavy pin through the cricoid
cartilage was used to immobilize the origin of the
PCA muscle; in later experiments, two pins at 90° to
one another were used for the same purpose, con-
nected through a rigid framework to a heavy fixed
base on each side of the dog in order to provide
external stabilization for the preparation. Fine wire
(51 pwm diameter) electromyography (EMG) elec-
trodes were inserted into the PCA muscle, and led to
adifferential amplifier (Data Inc, model 2124 model
2). A microwelded type T fine wire thermocouple
(127 ym diameter) was slipped into the muscle so that
the central intramuscular temperature of the muscle
could be continuously monitored. The PCA muscle
was activated by supramaximal twitch or tetanic
stimulation of the recurrent nerve from a constant-
current unit (Grass SIU7) controlled by a stimulator
(Grass S-88) on the side studied. Force, (at times)
intramuscular fluid pressure and muscle length, and
EMG analog signals were digitized by a computer
with 14-bit resolution in each channel, and recorded
at 10,000 data points per second, and intramuscular
temperature was displayed by a Fluke Hydra 2620A
system.

Initial Results and Temperature Considerations.
An important question arose in terms of the tempera-
ture conditions with Hast’s technique: even with
blood flow preserved and a nearby lamp used as a
source of heat, the resting intramuscular tempera-
tures of the PCA muscle measured with intramuscu-
lar fine wire thermocouples were well below those
expected for the dog (canine mean rectal temperature

is 38.9°C17). It should be noted that the temperatures
(such as rectal) usually cited for medical purposes do
not necessarily provide an appropriate comparison
for intramuscular temperatures. Saltin et al!8 found
the temperature of resting thigh and shoulder muscles
to fall within a range from 33°C to 36.5°C, with the
deeper sections of the muscle being warmer, whereas
at high levels of activity the muscle temperature
couldreach ashigh as40.8°C. Although Hast warmed
the operating field with a heat lamp and kept it moist,
and controlled the temperature of the recurrent nerve,
he did not measure or regulate the temperature of the
muscle studied. Since the dynamic characteristics of
muscle are partly determined by temperature, expo-
sure of the larynx in Hast’s procedure probably
produced cooling that would bias values of the dy-
namic constants in several respects (longer twitch
contraction times, lower tetanic frequencies).1920

An alteration of Hast’s earlier procedure was made
on the recommendation of its author, by only separat-
ing the larynx sufficiently from its rostral attach-
ments to make it possible for it to be elevated within
the neck sufficiently to provide access to the PCA
muscle for the measurements described above. Initial
use of a small heating lamp, a procedure used by
Mairtensson and Skoglund,> was abandoned because
of its drying effects; during the experiments de-
scribed here the muscle was bathed continually with
heated physiological saline solution in order to heat
it. Measurements were made with muscle tissue at
temperatures over a range from about 37°C to 39°C
as measured by an intramuscular fine wire thermo-
couple. The exposed recurrent laryngeal nerve was
covered with mineral oil to avoid drying. Figure 220
illustrates PCA twitches observed at the indicated
temperatures in the same muscle. In this and subse-
quent Figures, time zero marks the time of stimula-
tion of the recurrent nerve, and initial passive tension
is treated as zero. All data illustrated were collected
at physiological temperatures by the procedure dis-
cussed above.

RESULTS

With some variation of usage, the interval between
the initiation of nerve-muscle excitation and the
onset of contraction is known as the latent period.20
In this study, the first part of this period, the time after
nerve stimulation for conduction of the action poten-
tial along the nerve, time for synaptic transmission at
the motor end plate, and time for propagation of the
muscle action potential to the electrodes, shall be
termed a conduction delay (Fig 3). The time between
the onset of the muscle action potential and the onset
of contraction is used here as the definition of latent
period, as in Hirose et al.® In practice, a stimulus
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FORCE

0.00 0.02 0.04
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EMG

0.2

VOLTS

0.0
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Fig 3. Electromyography (EMG) and force records from
canine posterior cricoarytenoid muscle in isometric twitch.
In force record, mean resting force level and its variability
are determined on basis of ordinate values from record
beginning up to trigger point time zero (5 milliseconds), at
which recurrent laryngeal nerve is stimulated. In EMG
record, small stimulus artifact follows time zero, and
conduction delay is measured from time zero to onset of
muscle action potential (vertical line). Latent period ex-
tends between onset of muscle action potential to earlier
vertical line in force record, which indicates onset of
contraction. Contraction time extends from earlier vertical
line in force record to later line indicating peak twitch
force.

artifact is often observable in the EMG record; how-
ever, this usually is clearly distinguishable from the
action potential, the onset of which was used as the
reference marker in this study. In a number of ani-
mals, EMG recordings were made during the onsets
of a series of muscle contractions without any pres-
sure transducer inserted into the muscle. A weighted
mean based on 203 contractions from 8 animals
provides an approximate conduction delay of 2.0 ms
between stimulation of the recurrent nerve at the level
of the larynx, and the onset of the muscle action
potential. Although this quantity is not rigorously
defined, because the distance through which the

TABLE 1. POSTERIOR CRICOARYTENOID
MUSCLE LATENCY AND CONDUCTION DELAY

Latency Conduction Delay

Sample  Sample  Sample  Sample
Mean SD Mean SD
Dog N* (ms) (ms) (ms) (ms)
1 24 34 1.16 22 025
2 18 4.7 0.97 2:2. 0.33
3 23 2.9 0.92 252 0.14
4 23 34 0.50 1.8 0.08
5 3 3.0 0.74 2.0 0.34
6 30 2.6 0.47 24l 0.16
7 29, 3.8 1.07 1.8 0.18
8 25 32 075 2.0 0.19

*Number of contractions from given animal.
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Fig 4. Plot of whole of isometric twitch illustrated in Fig
3, with vertical lines indicating onset and peak of contrac-
tion.

action potential is propagated is slightly variable
across animals, it is fairly consistent: the estimated
SD for the pooled data is 0.2 ms. Similarly weighted,
the latent period for the canine PCA muscle has a
mean value across animals of 3.3 ms, with an esti-
mated SD for the pooled data of 0.8 ms (Table 1). The
only comparable earlier value is that of Hirose et al®
for the cat PCA muscle, of a mean 7 ms. This
divergence is likely to be attributable partly to differ-
ences in system frequency response and partly to
slight differences in the definition of the onset of
contraction. In the present study, all determinations
of intervals were made from the numeric data rather
than from plots.

Twitch contraction time was measured in three
steps in the present study (Figs 3 and 4). First, the
mean and SD of the resting force level of the muscle,
usually during the 5 ms prior to stimulation, were
calculated. Second, by proceeding down the ascend-
ing side of the twitch fromrlater to earlier points, the
onset of contraction was defined as the lowest force
value in this series just exceeding the previous mean.
In most cases, this was close to the first data point that
fell within 1 SD of the values of resting force. Third,
twitch contraction time was defined as the interval
between the onset of contraction thus defined and the
peak of isometric contraction force. With rare excep-
tions,2! it has been usual in studies of laryngeal
muscle to measure the interval between the onset of
contraction and its peak as the contraction time. An
alternative definition is to measure from the time of
stimulation to the peak of twitch contraction force,
which includes both the conduction delay and the
latent period. This definition is also accepted??; there
is a problem only when findings specified in terms of
one definition are compared directly with findings in
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TABLE 2. TWITCH CONTRACTION TIME

Sample Sample
Weight Mean SD
Dog (kg) N* (ms) (ms)
1 26.3 i 38.1 4.3
2 31.8 15 33.7 1.3
3 22.7 15 322 2.4
4 24.9 8 354 2.4
5 23.6 16 273 14
6 24.5 15 30.1 1.6
7 277 16 32.2 151
8 29.0 15 36.0 1.2
9 47.6 16 36.6 1.8
10 2 9 36.9 Sl

*Number of contractions from given animal.

terms of another without consideration of the dura-
tion of the early stages of nerve and muscle excita-
tion, as we have noted elsewhere.23

In a series of 132 isometric twitches studied from
10dogs, we found a mean contraction time of 33.2 ms
under conditions in which the pressure transducer
was not present in the muscle (Table 2). This number
is a grand mean weighted according to the number of
twitches studied from each animal. The estimated SD
for the pooled data was 2.0 ms. Since different
numbers of twitches were recorded in different ani-
mals, if the grand mean were to be determined by
weighting the mean from each animal equally, the
overall mean would be 33.8 ms. Figure 4 illustrates a
characteristic twitch from our data.

Tetanic or fusion frequencies are not as clearly
defined as are twitch characteristics. Since tetanic
frequency is defined in terms of smoothness of re-
sponse to rapid repeated supramaximal stimulation,
findings from some earlier studies may be affected by
the limited frequency response of pen-writers used
for recording purposes. Hast! found a fusion fre-
quency of 31 pulses per second, while Sato and Hisa’
found a fusion frequency of 45 pulses per second.
Figure 5 illustrates the variation of response for the
canine PCA muscle in a serics of onsets of responses
torapid stimulation, at40, 50, 60, and 70 stimulations
per second, without any intervening adjustment of
muscle length or passive tension. The initial levels of
passive tension were similar. In these data, the record
for 40 pulses per second clearly is not yet tetanic. At
what rate of activation the response becomes suffi-
ciently smooth must be a matter for precise defini-
tion, but in these data it could not be before 60 pulses
per second. A more precise definition of tetanic
frequency could be given, for instance in terms of a
coefficient of variation, as the frequency at which the
RMS (time-varying root mean square) value of re-
sponse is no more than a specified fraction of the DC

SECONDS

120

GRAMS

SECONDS

Fig 5. Superimposed onsets of tetanic contractions at 40,
50, 60, and 70 stimulations per second. Resting forces,
approximately equal, are set to zero so that only force rise
is shown.

(mean) value of that response; a series of such RMS/
DC quotients as a function of stimulation rate could
characterize the response of the muscle to rapid
stimulation. Since no such definition is accepted, we
do not give any extended analysis in terms of it.

DISCUSSION

First, it will be useful to discuss the relation of the
present findings to those of the most detailed study of
canine PCA contraction by Hast.I In part of our
experiments, we have observed the effect of tempera-
ture on the twitch properties of the PCA muscle by
varying muscle temperature systematically, and found
on the average the observed lowering of temperature
would result in a lengthening of contraction times by
2 to 3 ms, but not enough to account for the whole
difference. A procedural specific may account for a
larger effect: Hast maintained the muscle at its in situ
length, and our findings indicate that PCA contrac-
tion time at low levels of length and tension may be
3 to 8 ms longer than at higher levels of resting
tension, although this was not general. Our own
figure is an average of contraction times over arange
of passive muscle tensions from about 8 to 125 g; the
details of length-tension effects will be considered
elsewhere. Part of the difference may also be attrib-
uted to the effects of various aspects of the measure-
ment system response. Although the effects of con-
trolled temperature variation on the contractile prop-
erties of muscle are well known and can be treated as
asimple scaling problem, it is more difficult to assess
the effect of these technical factors retrospectively.
Nevertheless, if the detailed findings are scaled up-
ward slightly in terms of the estimate of the speed of
PCA contraction, the content of Hast’s article is still
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TABLE 3. POSTERIOR CRICOARYTENOID MUSCLE TWITCH CONTRACTION TIME

Authors Year Species Contraction Time (ms) Weight (kg)
Present study 1994 Dog 334+ 2(0) 28.6+7.2
Hast! 1967 Dog 444 6.7 135
Martensson and Skoglund? 1964 Dog 30 (range 25-35) ?

Sato and Hisa’ 1987 Dog 42 115
Hirose et al® 1969 Cat 22124 2.9
Miartensson and Skoglund® 1964 Cat Range 20-25 %
Hinrichsen and Dulhunty?® 1982 Rat 3.35+0.01 0.364*

*Authors do not specify weight, but male Wistar rats such as used by them have indicated mean weight.25

generally valid. Since it constitutes a valuable gen-
eral overview of PCA muscle function, the informa-
tion reviewed in it is not repeated here, just as we do
not repeat the more detailed consideration of PCA
metabolism in the context of general laryngeal muscle
metabolism given elsewhere by Cooper et al.2*

Inregard to a different type of scaling problem, the
values of physiological measures found in the present
study should not be compared directly with previous
findings, because of the different sizes (weights) of
the animals used. Unfortunately, Martensson and
Skoglund’ do not specify the size of the animals they
used. For other studies, Table 3157925 summarizes
the relation between mean PCA contraction times
and weights of experimental animals of all species
studied so far.

The range of animal size studied for the CT muscle
permits some confidence in the general character of
the relation between contraction times and duration
of the respiratory cycle displayed in Fig 1. More
reserve must be retained in making similar estimates
of the relation for the PCA muscle. Published infor-
mation on the duration of the respiratory cycle in
animals of varied species and size2%26 can be com-
bined with the values from rat and cat to estimate
contraction times for the dog PCA muscle on the
basis of the duration of the canine respiratory cycle.
Both quantities are scaled in terms of physiological
time, so the ratio of the duration of the respiratory
cycle of an experimental animal to that of a reference
animal is expected to be equal to the ratio of the
respective contraction times of the laryngeal muscle
in question. If the values for cat and rat are taken as
the basis, this procedure suggests a contraction time
for the dog close to that found by Mértensson and
Skoglund,5 shorter than observed by Hast! and by
Sato and Hisa.” Whether the agreement of this value
with that found by Mértensson and Skoglund is
fortuitous cannot be determined because of lack of
information on the weights of their animals. It must
remain uncertain whether the disagreement with the
findings of Sato and Hisa rests on technical or physi-
ological factors.

As noted above in regard to the CT muscle, such
cross-species estimates are approximate because of
cross-study differences of anesthesia, sampling varia-
tion, etc. Greater precision of estimation could be
obtained if the available data for the PCA muscle
were expanded to include data from the range of
animal sizes available for the CT muscle. On the
other hand, if the canine PCA contraction times
obtained in the present study are compared with
published values for the contraction time of the CT
muscle, they remove the cross-species incongruity
noted in the beginning of this paper; that is, the
present results agree with those of Martensson and
Skoglund? in predicting that the CT muscle would be
slower than the PCA for dogs, as for cats and rats. We
plan to measure the dynamic properties of both
muscles in the same dog to clarify this point.

Besides providing fresh estimates of the contrac-
tile properties of the respiratory muscle of the larynx,
the present study has introduced a procedure that
makes it possible to compare the dynamic properties
of laryngeal muscles across species, on the basis of
the mass of the animals concerned. Figure 1 above,
from the CT muscle, suggests a general consistency
across species such that in comparing data on con-
tractile properties across species one can reason in
terms of the general design parameters for the mam-
malian larynx. Such reasoning will not always suf-
fice; for instance, in humans the glottis is actively
widened for each cycle of rest breathing, while in
cows it continually stands much more open for rest
breathing, and the PCA muscle is activated only
occasionally for exceptional degrees of opening, at
times of increased oxygen requirement.?” However,
the respiratory activity of the PCA muscle in humans
matches the general mammalian pattern, while that
for cows stands apart from this pattern.

If we follow the same logic, Fig 1 suggests that it
would be possible to estimate values for human CT
muscle contraction time simply by entering a value
for the duration of the human respiratory cycle and
following the regression line; an analogous proce-
dure might be followed for any laryngeal muscle for
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which a regression equation could be established.
Even overlooking possible effects of the addition of
the requirements of human speech to laryngeal in-
volvement in respiration and deglutition, a complica-
tion for this reasoning arises from evolutionary
changes in proportions reflected in the dimensions of
the structures of the erect primate. The larynx of a
gibbon or large dog is in fact nearly as large as that of
a human, although the whole animal weights are not
proportionate. Functional differences resulting from
such factors as the descent of the larynx in humans
also may enter into play.

Available estimates of the contraction speed of
laryngeal muscles in humans are based either on a
direct transposition of values for dogs into applica-
tion to humans, as suggested by some investigators
(discussion following Cooper et al#*), or on a variety
of indirect measurements, the results of which have
often been inconsistent. The present investigation of
the contractile properties of the canine PCA muscle
was carried out as part of a more extensive study of
the properties of intramuscular fluid pressure as a
direct measurement of the mechanical activity of

laryngeal muscles. This measurement has the poten-
tial to provide more direct measurements of the
mechanical activity of laryngeal muscles so that with
improved miniaturization of the transducers, an em-
pirical test of such estimates of the dynamic proper-
ties of human laryngeal muscles is foreseeable.

In its most general interpretation, Fig 1 suggests
that an attainable objective of studies in laryngeal
physiology is to generalize to the design parameters
of the mammalian larynx based on comparative data,
in such a way that evolutionary specializations stand
out, for instance as deviations from the rectilinear
graph. The results of the present study add to this
perspective the consideration that comparison of the
dynamic characteristics of laryngeal muscles, and
probably many other physiological quantities, whether
across species or even across studies of the same
species, is complicated by the systematic variation of
their behavior as a function of their physiological
conditions, so that what is compared often cannot be
simple numbers, but has to be a function of several
variables, which often can be represented as multidi-
mensional solids.?*
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MALIGNANT LARYNGEAL TUMORS IN CHILDREN:
A 15-YEAR EXPERIENCE WITH FOUR PATIENTS
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Malignant laryngeal neoplasms in children are uncommon and present diagnostic and therapeutic challenges. A 15-year
retrospective review of laryngeal tumors at our institution identified four patients with malignant neoplasms. These children, 7 months
to 16 years of age, were treated for squamous cell carcinoma, choriocarcinoma, rthabdomyosarcoma, and primitive neuroectodermal
tumor. This report details these cases, emphasizing diagnostic approaches, treatment decisions (medical oncologic management, surgical
resection), and rehabilitation measures for postlaryngectomy communication. A multi-institutional pediatric head and neck tumor
registry would be a useful reference to assist with individual treatment decisions.

KEY WORDS — choriocarcinoma, malignancy, pediatric laryngeal tumor, primitive neuroectodermal tumor, rhabdomyosarcoma,

squamous cell carcinoma.

INTRODUCTION

Malignant neoplasms of the pediatric larynx are
rare. Although isolated case reports have appeared in
the literature, an extensive experience with pediatric
laryngeal malignancies does not exist. Because these
tumors are uncommon, treatment decisions may be
difficult. We report our experience with malignant
laryngeal tumors in children, including diagnostic
approaches, treatment decisions, and rehabilitation
measures.

METHODS

A 15-year retrospective review of laryngeal tu-
mors at Children’s Hospital, Boston, identified four
patients with malignant neoplasms. These children, 7
months to 16 years of age, were treated for rhabdo-
myosarcoma, primitive neuroectodermal tumor, squa-
mous cell carcinoma, and metastatic choriocarcinoma.
One patient (case 1) has been previously reported.!

CASE REPORTS
CASE 1 (RHABDOMYOSARCOMA)

This 3-year-old boy presented with a 2-week his-
tory of inspiratory stridor and difficulty swallowing.
Lateral neck radiography revealed a large supraglot-
tic mass. Direct laryngoscopy and bronchoscopy
confirmed the presence of amass lesion involving the
right paraglottic region. Biopsy revealed embryonal
rhabdomyosarcoma. A metastatic evaluation was
negative.

Treatment options were discussed. A curative dose
of irradiation would most likely produce an infantile,

useless larynx and might predispose the patient to a
radiation-induced second tumor. Therefore, surgery
and chemotherapy were chosen. The patient under-
went a total laryngectomy (partial was felt not pos-
sible), with clear margins (Fig 1). He received one
course of chemotherapy (vincristine sulfate, dactino-

Fig 1. (Case 1) Total laryngectomy specimen showing
rhabdomyosarcoma involving right paraglottic region (ar-
oW).
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Fig2.(Case2) A) Pretreatment computed tomogram
showing large supraglottic mass (arrow) causing
deviation of endotracheal tube (arrowhead). B)
Biopsy specimen from supraglottic primitive neu-
roectodermal tumor. Small round cells forming
rosettes (arrow) are characteristic of this entity. C)
Total laryngectomy specimen shows primitive neu-
roectodermal tumor involving right supraglottis
(arrow). .

mycin, and cyclophosphamide) prior to surgery and
continued this protocol for 1 year postoperatively. He
achieved esophageal speech, and 18 years after sur-
gery has no evidence of recurrence.

CASE 2 (PRIMITIVE NEUROECTODERMAL TUMOR)

This 7-month-old boy had developed mild inspira-
tory stridor at age 3 months. Over the next 4 months,
symptoms progressed to biphasic stridor, tachypnea,
and marked respiratory distress. Evaluation began
with abarium swallow study and direct laryngoscopy
that revealed a large supraglottic mass. The patient
was intubated and transferred to Children’s Hospital,
Boston. :

Repeat direct laryngoscopy documented a large
supraglottic mass involving the right aryepiglottic
fold, right false vocal cord, arytenoid, and pyriform
sinus. Biopsy specimens were taken. A computed
tomography (CT) scan confirmed the above findings
and revealed subglottic extension, establishing the

lesion as transglottic (Fig 2A).

Pathologic examinationrevealed a primitive neuro-
ectodermal tumor (Fig 2B). A metastatic evaluation,
including bone marrow biopsy and aspirate, CT of the
chest, and bone scan, was negative.

Treatment options were discussed with the family.
Chemotherapy was unlikely to provide control of the
large primary lesion; therapeutic irradiation (at least
5,000 cGy) would produce an infantile, useless lar-
ynx. Therefore, surgery with postoperative chemo-
therapy was chosen. The patient underwent total
laryngectomy at the age of 7 months; surgical mar-
gins were negative (Fig 2C). He then received a 1-
year course of chemotherapy (vincristine, doxorubi-
cin hydrochloride, cyclophosphamide, and actino-
mycin D). A posttreatment CT scan showed no evi-
dence of tumor.

Postlaryngectomy, the child initially used sign
language for communication. At age 3 years, he
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Fig 3. (Case 3) A) Biopsy specimen from left glottic mass, revealing well-differentiated squamous cell carcinoma. Full-thickness
involvement is noted, with atypical cells and large hyperchromatic nuclei (arrow). B) Pretreatment computed tomogram shows
obstructing glottic mass (arrow) without cartilage invasion. C) Posttreatment view of glottis shows mild erythema of left true vocal
cord with no residual tumor. D) Posttreatment computed tomogram shows no residual tumor.

began to learn esophageal speech. He is now 6 years
old (52 years postdiagnosis) and communicates
with understandable esophageal speech. At last fol-
low-up, he was free of disease.

CASE 3 (SQUAMOUS CELL CARCINOMA)

This 13-year-old, previously healthy boy noted a
several-month history of hoarseness and a 1-month
history of shortness of breath and inspiratory stridor.

His medical history and family history were
noncontributory; there was no history of laryngeal
papillomas. He denied any tobacco or alcohol use;
there was no history of irradiation or chemical expo-
sure.

Direct laryngoscopy and bronchoscopy revealed
an obstructing exophytic mass arising from the left
true vocal cord. A tracheotomy was performed and

biopsy specimens were taken. Pathologic examina-
tion revealed a well-differentiated, superficially in-
vasive squamous cell carcinoma (Fig 3A). A CT scan
demonstrated an obstructing glottic mass with mini-
mal subglottic extension (<5 mm; Fig 3B). A chest
radiograph was clear.

The patient was then transferred to our institution
for further evaluation and treatment. Laryngoscopy
revealed amassinvolving the left glottis, with limited
mobility of the left true vocal cord. The right true
vocal cord moved normally, and the anterior com-
missure was clear. There were no palpable neck
masses. A metastatic workup was negative. Review
of the pathologic specimen and CT scan confirmed
the diagnosis of stage III (T3NOMO0) squamous cell
carcinoma of the larynx.
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Fig 4. (Case 4) Biopsy specimen from glottic
mass. Multinucleated giant cell (arrow) is char-
acteristic of syncytiotrophoblasts seen in chorio-
carcinoma.

Lengthy discussions were held with the patient, his
family, and the multidisciplinary tumor board. A
laryngeal preservation treatment protocol was cho-
sen. The patient would receive two courses of chemo-
therapy (5-fluorouracil, cisplatin, leucovorin calcium
rescue). Repeat endoscopy and CT scan would then
assess tumor response. If he had less than a partial
response, total laryngectomy with postoperative ra-
diotherapy would be performed. If he demonstrated
at least a partial response, the third cycle would be
administered and he would proceed to full-course
radiotherapy.

After the second course of chemotherapy, direct
laryngoscopy demonstrated erythema and decreased
motion of the left true vocal cord (Fig 3C); no gross
tumor was seen, and biopsy findings were negative.
A repeat CT scan showed a marked decrease in the
glottic soft tissue mass (Fig 3D). The patient com-
pleted the third course of chemotherapy and then
received full-course radiotherapy (6,000 cGy). Irra-
diation fields included the primary site, the neck, and
the upper mediastinum (including the tracheotomy
stoma). At the completion of irradiation, endoscopy
showed no evidence of residual tumor; the left true
vocal cord remained fixed in the paramedian posi-
tion. The patient was decannulated without diffi-
culty.

At last follow-up (18 months after initial diagno-
sis, 9 months after completing treatment), he was
doing well. He has a strong, clear voice and is able to
participate in physical activities with no exercise
intolerance. Laryngeal examination shows no evi-
dence of recurrent tumor.

CASE 4 METASTATIC CHORIOCARCINOMA)
This 16-year-old boy presented to an outside hos-

pital with complaints of left pleuritic pain, hemoptysis,
epistaxis, malaise, and decreased appetite. A careful
history-taking revealed that he had noticed a painless
left testicular mass 2 years previously, but did not
seek medical attention.

Chest radiography revealed multiple nodular den-
sities. Direct laryngoscopy and bronchoscopy dem-
onstrated a friable mass involving the left false vocal
cord and ventricle. Biopsy specimens were taken; a
tracheotomy and a left orchiectomy were performed.

Pathologic examinationrevealed testicular chorio-
carcinoma with a laryngeal metastasis (Fig 4). The
patient was transferred to our institution, where re-
peat direct laryngoscopy confirmed the above find-
ings. The laryngeal mass was excised with a carbon
dioxide laser. Systemic evaluation revealed metas-
tases to the kidneys, spleen, vertebral column, and
brain. The patientbegan treatment with chemotherapy
(vinblastine sulfate, bleomycin, cisplatin, doxorubi-
cin, and etoposide) and whole brain radiotherapy.

He was decannulated 3 weeks after laser excision
of the laryngeal lesion. Despite intensive chemo-
therapy and radiotherapy, the patient died 19 months
after diagnosis.

DISCUSSION

Malignant neoplastic involvement of the larynx is
uncommon in the pediatric population. During a 15-
year period at our tertiary referral center, only four
cases were identified; three patients had a primary
malignancy of the larynx, while one patient presented
with a laryngeal metastasis. Benign tumors are much
more common in the pediatric airway; these include
recurrent respiratory papillomas, hemangiomas, and
neurogenic tumors. Malignant pediatric laryngeal
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tumors are usually in the sarcoma group, most com-
monly rhabdomyosarcoma.? Other reported malig-
nancies include squamous cell carcinoma, lymphoma,
and mucoepidermoid carcinoma.3-6

DIAGNOSIS

Tumors of the larynx present with similar signs
and symptoms, independent of histology. The child
develops voice changes (hoarseness), stridor, and
progressive upper airway obstruction. Delay in diag-
nosisis notunusual. In the young child, these findings
may represent inflammatory or benign laryngeal dis-
ease (such as croup or respiratory papillomas); if
symptoms do not resolve with appropriate therapy,
further investigation is indicated. In the older child,
especially an adolescent male, hoarseness may be
attributed to pubertal voice change. Persistent hoarse-
ness in the pediatric patient should always be inves-
tigated.

The patients in our series developed symptoms
often seen in common inflammatory or benign air-
way diseases: stridor, respiratory distress, hoarse-
ness, and difficulty swallowing. The clinician must
investigate these findings carefully if the patient does
not respond to conventional treatment. A high level
of suspicion may be necessary to rule out a malignant
process.

The initial evaluation begins with laryngoscopy to
assess the supraglottis and glottis, including true
vocal cord mobility. Laryngoscopy (indirect or flex-
ible) in the office may be difficult in the young,
uncooperative child. One should not hesitate to pro-
ceed to formal direct laryngoscopy if the clinical
situation warrants. Radiographic studies, anterior-
posterior and lateral neck films, airway fluoroscopy,
and barium swallow study can assess the tumor and
rule out concomitant airway lesions. A CT or mag-
netic resonance imaging scan will demonstrate tumor
volume and cartilage invasion, and may be helpful in
follow-up to assess response to treatment.

The definitive diagnosis is based on endoscopic
findings. Direct laryngoscopy and bronchoscopy are
performed to demonstrate the tumor and its extent. A
high index of suspicion is critical; a biopsy specimen
should be taken prior to laser excision of presumed
papillomas to rule out coexisting malignancy. The
biopsy will establish the histology, and treatment
decisions can then be made.

TREATMENT

Treatment depends on the tumor histology; deci-
sions are based on current protocols for similar le-
sions at other sites. However, modifications may be
necessary because of the unique characteristics of the
pediatric larynx.

Rhabdomyosarcoma. Rhabdomyosarcoma is the
most common soft tissue sarcoma in patients under
the age of 15 years and represents 5% to 8% of all
cases of childhood cancer.” In the head and neck,
25% of tumors arise in the orbit, and 50% involve
other parameningeal sites (nasopharynx, paranasal
sinuses, temporal bone, infratemporal fossa). Iso-
lated laryngeal thabdomyosarcomais unusual 8 These
lesions usually present as a painless, progressively
enlarging mass and tend to remain localized.

Once the diagnosis is established, a metastatic
evaluation is performed. Rhabdomyosarcoma stag-
ing is currently based on surgical-pathologic find-
ings, including the amount of residual disease after
resection.? Prognosis is determined by extent of tu-
mor, histologic subtype, and response to treatment.

Current treatment protocols include chemotherapy
and high-dose radiotherapy, with surgery usually
reserved for diagnostic biopsy only.8 Rhabdomyo-
sarcoma of the larynx in a child presents a difficult
treatment decision. Conventional radiotherapy might
provide local tumor control, but in the prepubescent
child may resultin a fibrotic, infantile larynx; irradia-
tion also carries with it the potential risk of a second,
irradiation-induced tumor. Therefore, as in case 1,
chemotherapy can be combined with surgical resec-
tion of the tumor. Total laryngectomy in a child is not
a popular treatment decision, but can result in a
complete cure.

Primitive Neuroectodermal Tumor. Primitive
neuroectodermal tumor is one of the small, round
blue cell tumors of childhood; this soft tissue tumor
is of presumed neural crest origin.1? It is rarely found
in the head and neck; most cases involve the central
axis (the cerebrum) or the chest. Metastatic disease is
common at the time of diagnosis.!!

Primitive neuroectodermal tumor often has arapid
clinical progression with a high tendency for local
recurrence. Therefore, aggressive attempts at local
control are essential. Complete initial resection of the
tumor may result in increased survival.12 Our patient
with laryngeal primitive neuroectodermal tumor (case
2) underwent total laryngectomy to achieve local
control, followed by systemic chemotherapy. Radio-
therapy would have arrested laryngeal growth, lead-
ing to auseless, infantile larynx. Chemotherapy alone
would most likely not have resulted in a complete
local response. Therefore, combination therapy was
chosen.

Squamous Cell Carcinoma. Squamous cell carci-
noma of the larynx is seen frequently in the adult
population, but is rare in children. Since 1868, 56
cases of laryngeal carcinoma have been reported in
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children under 15 years of age.3413-16 Squamous cell
carcinoma has been reported in patients with laryn-
geal papillomatosis, with or without a history of
irradiation. As with adults, tobacco and alcohol may
be predisposing factors.

The goal of treatment is, of course, patient sur-
vival, with preservation of laryngeal function when
possible. In the past, many pediatric patients were
treated with a combination of surgery and irradiation,
with dismal survival rates. In more recent reports,
two patients were treated with radiotherapy and/or
chemotherapy in an attempt to preserve laryngeal
function.®13 :

The adult experience with laryngeal preservation
is more extensive. There have been several trials
utilizing induction chemotherapy and radiotherapy
for adults with advanced squamous cell carcinoma of
the larynx.17-19 Surgery is reserved for patients with
less than a partial response to chemotherapy, or for
recurrent or residual disease after chemotherapy and
radiotherapy. Results suggest that induction chemo-
therapy followed by radiotherapy can achieve laryn-
geal preservation in 40% to 50% of patients, without
compromising survival.17.18

A laryngeal preservation protocol was applied to
our pediatric patient (case 3), with good results thus
far (follow-up, 18 months). With only a few cases
available for comparison, there is no established
pediatric tumor experience on which to base treat-
mentdecisions. Perhaps one should carefully analyze
the adult data and then apply them to the pediatric
patient. The child with laryngeal cancer creates a
unique dilemma; the desire to preserve laryngeal
function will heavily influence multidisciplinary
treatment discussions. Our decision to proceed with
a laryngeal preservation protocol in a 13-year-old
boy was made after careful consideration based on
the adult literature.

Some might disagree with the treatment chosen for
our patient. He had minimal subglottic tumor exten-
sion at diagnosis and had a tracheotomy, both of
which are possible risk factors for recurrence after
therapy. Care was taken to include the tracheotomy
stoma and upper mediastinum in the irradiation field.
Our patient was postpubertal; therefore, radiotherapy
was unlikely to arrest laryngeal growth. Thus far,
there has been no sign of recurrence.

Choriocarcinoma With Metastasis. Metastasis to
the larynx is rarely seen in patients of any age.20 An
early manifestation of testicular choriocarcinoma in
our patient (case 4) was hemoptysis from a laryngeal
metastasis. Choriocarcinomais an uncommon, highly
malignant germ cell neoplasm. The testicular pri-
mary may present as a painless swelling of the testis

or as a painful torsion. Metastases are common,
involving the chest, abdomen, and bones.?!

Treatment includes complete resection of the pri-
mary tumor when possible, followed by chemo-
therapy. Excision of isolated metastases (as in our
patient) may help to control other symptoms. Radio-
therapy is added for nonresponders or for relapse.
Bone marrow transplantation for choriocarcinoma is
experimental at this time.

COMPLICATIONS OF TREATMENT

All therapeutic modalities have benefits and side
effects. Surgical resection of a laryngeal tumor will
often require total laryngectomy; the child must learn
a new means of communication. Loss of a normal
voice may create serious psychosocial problems for
both the child and the family.

Chemotherapy may cause both acute and long-
term morbidity, including nausea and vomiting,
alopecia, myelosuppression, mucositis, hearing loss,
and renal toxicity. Some chemotherapeutic agents
are radiosensitizers, and may increase the reaction to
radiotherapy.

Radiotherapy is associated with erythema, swell-
ing, and desquamation in the acute phase. The patient
with a laryngeal tumor may require tracheotomy for
airway control during treatment. The long-term
sequelae are critical in a child. Irradiation of a devel-
oping structure may arrestits growth; the larynx isnot
fully developed until puberty.?2 Therapeutic laryn-
geal irradiation in a prepubescent child may result in
an infantile larynx with no useful voice, airway, or
swallowing function. In the adolescent, irradiation
may produce fibrosis and a low-pitched, husky voice.
There is a report of bilateral carotid stenosis after
irradiation of alaryngeal rhabdomyosarcoma, as well
as thyroid insufficiency.® Secondary tumors in the
irradiated field (thyroid, salivary glands, laryngo-
pharynx) are a major concern. Finally, there is a
theoretic risk of possible germ cell injury with result-
ant infertility or abnormalities in offspring. Modern
megavoltage techniques should result in a lower
incidence of postirradiation sequelae.4

These complications emphasize that there is no
perfect treatment for the child with alaryngeal malig-
nancy. In each case, the risks and benefits are care-
fully weighed, and a therapeutic planis designed. The
plan must be flexible, and allow for salvage interven-
tion (surgery) if the response to chemotherapy or
radiotherapy is inadequate.

VOICE REHABILITATION

When laryngectomy is necessary for tumor con-
trol, the child will require alternate means of commu-
nication. Both of the laryngectomy patients in our
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series were able to use esophageal speech effectively.
One patient was prelingual at the time of laryngec-
tomy, and initially used sign language; after 3 years
of age, he was able to learn esophageal speech. For
other patients, a voice prosthesis (tracheoesophageal
puncture) might facilitate useful speech. It is impor-
tant to remind parents and other members of the
oncology team that communication is possible after
laryngectomy.

FUTURE GOALS

Most otolaryngologists will never treat a child

with a malignant laryngeal neoplasm; even large
institutions rarely see a child with this problem.
Multi-institutional trials are not feasible because of
the low incidence of these lesions. A pediatric head
and neck tumor registry would establish a listing of
histologic findings, treatment protocols, and out-
comes. Then, the otolaryngologist who diagnoses a
new pediatric laryngeal malignancy could refer to the
experience of others who have seen similar lesions. It
would be impossible to generate a large series, but a
sampling of the pediatric experience might lead to
new ideas and improved treatment modalities.

ACKNOWLEDGMENT — We thank Harry Kozakewich, MD, for his assistance in preparing the histologic illustrations.

REFERENCES

1. Healy GB, Upton J, Black P McL, Ferraro N. The role of
surgery in thabdomyosarcoma of the head and neck in children.
Arch Otolaryngol Head Neck Surg 1991;117:1185-8.

2. WardRF, Healy GB. Neoplasia of the pediatric larynx. In:
Fried M, ed. The larynx: a multidisciplinary approach. Boston,
Mass: Little, Brown, 1988:163-9.

3. Gindhart TD, Johnston WH, Chism SE, Dedo HH. Carci-
noma of the larynx in childhood. Cancer 1980;46:1683-7.

4. Zalzal GH, Cotton RT, Bove K. Carcinoma of the larynx
in a child. Int J Pediatr Otorhinolaryngol 1987;13:219-25.

5. Cohen SR, Thompson JW, Siegel SE. Non-Hodgkin’s
lymphoma of the larynx in children. Ann Otol Rhinol Laryngol
1987;96:357-61.

6. Mitchell DB, Humphreys S, Kearns DB. Mucoepidermoid
carcinoma of the larynx in a child. Int J Pediatr Otorhinolaryngol
1988;15:211-5.

7. RaneyRB, Hays DM, TefftM, Triche TJ. Rhabdomyosar-
coma and the undifferentiated sarcomas. In: Pizzo PA, Poplack
DG, eds. Principles and practice of pediatric oncology. Philadel-
phia, Pa: JB Lippincott, 1993:769-94.

8. Kato MADP, Flamant F, Terrier-Lacombe MJ, et al.
Rhabdomyosarcoma of the larynx in children. Med Pediatr On-
col 1991;19:110-4.

9. Maurer HM. The Intergroup Rhabdomyosarcoma Study
(NIH): objectives and clinical staging classification. J Pediatr
Surg 1975;10:977-8.

10. Marina NM, Etcubanas E, Parham DM. Peripheral primi-
tive neuroectodermal tumor (peripheral neuro-epithelioma) in
children. Cancer 1989;64:1952-60.

11. Horowitz ME, DeLaney TF, Malawer MM, Tsokos MG.
Ewing’s sarcoma family of tumors: Ewing’s sarcoma of bone and
soft tissue and the peripheral primitive neuroectodermal tumors.
In: Pizzo PA, Poplack DG, eds. Principles and practice of
pediatric oncology. Philadelphia, Pa: JB Lippincott, 1993:795-
821.

12. Jurgens H, Bier V, Harms D. Malignant peripheral neuro-

ectodermal tumors: a retrospective analysis of 42 patients. Can-
cer 1988;61:349-57.

13. Laurian N, Sadov R, Strauss M, Kessler E. Laryngeal
carcinoma in childhood. Report of a case and review of the
literature. Laryngoscope 1984;94:684-7.

14. Pandey R, Choudhury C. Case report of cancer of the
larynx in an adolescent. J Laryngol Otol 1968;82:469-71.

15. Seth RRS, Yadav YC, Kala DM. Epidermoid carcinoma
of the laryngopharynx in a young girl. J Laryngol Otol 1978;92:
925-6.

16. Ossoff RH, Tucker GF, Norris CM. Carcinoma of the
larynx in an 11-year-old boy with late cervical metastasis: report
of a case with a ten-year follow-up. Otolaryngol Head Neck Surg
1980;88:142-5.

17. The Department of Veterans Affairs Laryngeal Study
Group. Induction chemotherapy plus radiation compared with
surgery plus radiation in patients with advanced laryngeal can-
cer. N Engl J Med 1991;324:1685-90.

18. Merlano M, Vitale V, Rosso R, et al. Treatment of ad-
vanced squamous-cell carcinoma of the head and neck with
alternating chemotherapy and radiotherapy. N Engl J Med 1992;
327:1115-21.

19. Shirinian MH, Weber RS, Lippman SM, et al. Laryngeal
preservation by induction chemotherapy plus radiotherapy in
locally advanced head and neck cancer: the M. D. Anderson
Cancer Center experience. Head Neck 1994;16:39-44.

20. Shimizu KT, Selch MT, Fu Y-S, Anzai Y, Lufkin RB.
Osteosarcoma metastatic to the larynx. Ann Otol Rhinol Laryn-
gol 1994;103:160-3.

21. Ablin A, Isaacs H. Germ cell tumors. In: Pizzo PA,
Poplack DG, eds. Principles and practice of pediatric oncology.
Philadelphia, Pa: JB Lippincott, 1993:867-87.

22. Benjamin B. Congenital disorders of the larynx. In: Cum-
mings CW, Fredrickson JM, Harker LA, Krause CJ, Schuller
DE, eds. Otolaryngology-head and neck surgery. St Louis, Mo:
Mosby-Year Book, 1993:1831-53.



THREE-DIMENSIONAL IMAGING OF THE HYPOPHARYNX
AND LARYNX BY MEANS OF HELICAL (SPIRAL)
COMPUTED TOMOGRAPHY
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A new computed tomography (CT) technology, helical (spiral) CT, allows the entire neck to be imaged in only 30 seconds. Although
multiplanar and three-dimensional (3-D) imaging could be performed with conventional CT, the volumetric acquisition provided by
helical (spiral) CT allows significantly improved quality and easier reconstruction for more applications. These 3-D models show an
airway appearance similar to that obtained with laryngography. Independent review of the 3-D images in 12 patients with lesions by two
radiologists and one otolaryngologist was performed to assess 1) image quality, 2) ability to judge lesion extent, and 3) assistance in
understanding the lesion compared to that provided by routine axial scans. Rating scores of 1 to 5 were assigned, with 5 representing
the best quality or greatest value. The results showed that both groups scored image quality equally: 4.7. Lesion extent for the radiologists
was 2.6, while the otolaryngologist’s ranking was 3.7 (p < .01). In assisting understanding of lesions versus axial scans, radiologists
ranked 3-D images 2.1, while the otolaryngologist ranked them 3.1 (p < .01). In summary, 3-D models provide a complementary imaging

technique in understanding upper airway disease.

KEY WORDS — airway, helical computed tomography, hypopharynx, larynx, spiral computed tomography.

Prior to the advent of cross-sectional imaging
techniques, radiologic imaging of the hypopharynx
and larynx was limited to plain film radiography,
tomography, fluoroscopy, and laryngography.!-3 Al-
though clinical examination is excellent in evaluating
the supraglottic and glottic regions and assessing the
mobility of structures, there are certain areas that are
not optimally evaluated by endoscopy. These include
the apices of the pyriform sinuses, the laryngeal
ventricle, and the subglottic region, which on occa-
sion could be evaluated with laryngography despite
its invasive nature.45

The introduction of conventional computed to-
mography (CT) scanning has had a major impact on
evaluating inflammatory and neoplastic masses of
the hypopharynx and larynx. The basic cross-sec-
tional display of axial images is able to distinguish
soft tissue density from fat and evaluate for tumor
invasion deep to the mucosal surfaces, especially in
the preepiglottic and paralaryngeal spaces. Gross
involvement of cartilaginous structures can be de-
tected by CT, although subtle cartilage invasion may

be missed because of incomplete ossification.6-8
Additional three-dimensional (3-D) imaging is not
necessary for this particular assessment. Limitations
for conventional CT remain, since standard scanners
require a 2- to 4-second scan time and a 6-second
delay between images. Patient motion with breathing
or swallowing often causes blurring of images.

Most recently, the introduction of helical (spiral)
CT has dramatically changed our ability to image the
hypopharynx, larynx, and upper airway. This differs
from conventional CT in that the patient is moved
continuously through the CT scanner during a con-
tinuous x-ray exposure. With most patients, the entire
neck can be scanned within a single breath-hold (30
seconds). Prior to helical CT, hardware and software
constraints made 3-D imaging by CT extremely dif-
ficult, except in the case of bony structures. Helical
CT, by virtue of its volumetric acquisition, provides
the first opportunity to produce high-quality 3-D
images. Although this technique is primarily used to
evaluate vascular structures, we have, for the first
time, adapted it to produce 3-D “airway casts” that
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mimic laryngograms (Fig 1). These images can be
rotated continuously along any axis of the airway to
optimally assess disease. The goal of the present
study was threefold. First, we evaluated the quality of
the 3-D images. Second, we evaluated to what degree
these images assisted the radiologists and otolaryn-
gologist in judging the lesion extent relative to axial
images. Third, we assessed whether there was any
difference between the radiologists’ and otolaryn-
gologist’s perceptions of the 3-D images in assisting
in understanding the lesion, especially its extent,
compared to axial images.

MATERIALS AND METHODS

Twelve patients with suspected neoplasms or in-
flammatory lesions of the hypopharynx or larynx
underwent helical (spiral) CT scanning of the neck.
Disease was documented in all cases by biopsy or
surgery. All patients were scanned with the GE Hi-
Speed scanner (GE Medical Systems, Milwaukee,
Wis). Scans were performed with 300to 330 mA, 120
kV (peak), 5-mm collimation, 1-second scan time
(table increment 5 mm/s), and a 30-second breath-
hold. A 1:1 pitch was used for all scans (yielding
contiguous 5-mm increments). Patients were rou-
tinely hyperventilated prior to scanning in order to
allow them to hold their breath a full 30 seconds.
Because of the volumetric acquisition, motion arti-
fact and misregistration is minimized with helical
CT. There were no technical failures. All patients
received 150 mL of iohexol (Omnipaque 300, Sanofi

Fig 1. Three-dimensional (3-D) image of
upper airway, demonstrating bony struc-
ture and air-containing structures, both in
white. A) 3-D airway model viewed from
anterior. Bony structures of spine overlap
airway model, making it extremely diffi-
cult to appreciate these structures. B)
After subtraction of bony structures, 3-D
“airway cast” model now takes on ap-
pearance of laryngogram and can be ro-
tated in 360° fashion around long or short
axis of airway. V — vallecula, PS —
pyriform sinus, arrow —true vocal cords,
T — trachea.

Winthrop Pharmaceuticals, New York, NY) given
intravenously by a machine injector (Medrad, Pitts-
burgh, Pa) atarate of 2 mL/s. Contrast administration
began 40 seconds prior to scan initiation.

The data from the helical scans were used to
generate a standard set of 5-mm contiguous images.
Computer raw data were saved and reconstructed to
produce 5-mm axial images that overlapped each
adjacent image by 3 mm (5-mm slice taken every 3-
mm). This resulted in another complete set of over-
lapping images without exposing the patient to any
additional radiation. The space between slices was
reduced from 5 mm to only 2 mm. Data sets contain-
ing the retrospectively reconstructed images were
sent via local area network to a GE Windows Advan-
tage workstation used to generate 3-D models. Axial
images were reviewed on the workstation in order to
determine the upper and lower extents of the object of
interest to be modeled. Three-dimensional surface
models were generated of this region of interest that
included all structures that had a CT attenuation of
between —1,000 and -500 Hounsfield units. The
result was a surface model in which all air-containing
structures appeared white. The soft tissues were elimi-
nated. Next, the disarticulation tools in the 3-D soft-
ware were used to separate the 3-D surface model of
the air-soft tissue interfaces of the patient’s airway
(hypopharynx through proximal trachea) from the
air-skin interface outside the patient. For most mod-
els, the disarticulation step involved no more than
four individual steps and required less than 10 min-
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Fig 2. Patient with extensive evidence for lymphoma involving neck as well
as intrinsic larynx. A) Axial scan at level of thyroid cartilage, showing
extensive neck adenopathy. Right pyriform sinus (PS) is distended nor-
mally, while left pyriform sinus is obliterated by mass (M). B) 3-D rendering
demonstrates patency of right pyriform sinus (PS). Left pyriform sinus is

completely obliterated and cannot be seen, since it is not filled with air.
Arrow — mrway narrowing. C) Axial computed tomogram in same patient
at subglottic region, demonstrating marked airway (A) narrowing (arrows).
D) Lateral 3-D image demonstrates significant mass impression on subglot-
tic airway (arrows) and more easily shows vertical extent of lesion than

il

numerous axial images. TC — true vocal cords.

utes to perform. The 3-D models were then viewed by
means of appropriate window and level settings and
rotated into anteroposterior, lateral, and selected
oblique projections to best define the disease. Models
were able to be continuously rotated along any axis
for a full 360°.

The 3-D images were reviewed by two radiologists

together yielding one consensus score, and indepen-
dently by one otolaryngologist. Images were re-
viewed to assess 1) quality, 2) ability to judge lesion
extent, and 3) assistance in understanding the lesion
(especially in extent) versus that provided by routine
axial scans. The rating scores ranged from 1 to 5.
Scoring in terms of image quality was 1 = poor, 2 =
less than optimal, 3 = adequate, 4 = good, and 5 =
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excellent. Quality criteria included assessment for
edge or “stair-step” artifact, motion artifacts, and
overall image display. In evaluating the ability to
judge the anatomic extent of the lesion, 1 =poor, 2 =
minimal value, 3 = good, 4 = moderately helpful, and
5 = highly valuable. This included not only the
vertical extent of the lesion, but the overall perception
of the lesion compared to mentally stacking multiple
axial images. In terms of the value of 3-D scanning in
better understanding the lesion (especially in extent)
compared to routine axial scans, the following rating
scale was utilized: 1 =no value, 2 = minimal value, 3
=mild value, 4 = moderate value, and 5 = great value.
Included in this last assessment was the ability of the
radiologists and otolaryngologist to better appreciate
the lesion itself and its relationship to adjacent nor-
mal structures. This included the mass effect on

Fig 3. Patient with primary supraglottic carcinoma
involving right pyriform sinus and right paralaryngeal
space. A) Axial image shows normal distention of left
pyriform sinus (PS). Right pyriform sinus is incom-
pletely distended (arrow) by surrounding mass (M). B)
3-D laryngogram, anteroposterior view, demonstrates
normal aeration of left pyriform sinus (PS). There is
significant truncation and narrowing of right pyriform
sinus (arrowheads). C) 3-D laryngogram, lateral view,
shows significant mass (M) impression on adjacent
airway structures (arrowheads).

adjacent structures. Results were analyzed for statis-
tical signficance by a standard paired Student’s ¢ test.
A more rigorous statistical analysis using the Mann-
Whitney test was also applied in order to control for
the possibility of a nongaussian distribution of the
data.

RESULTS

In the evaluation of the quality of the 3-D images,
image quality was rated equally by both radiologists
and the otolaryngologist with a score of 4.7, just
slightly less than excellent. In terms of the ability to
judge the anatomic extent of the lesion on the 3-D
reconstructions relative to the standard axial image,
the two radiologists rated as an average the 3-D
images to be 2.6. The otolaryngologist ranking the
same images assigned a value of 3.7. This difference
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Fig 4. Patient with tumor involving right side of larynx and paralysis of right true
vocal cord. A) Endoscopic view demonstrates thickening erythema and medial
displacement of right (R) aryepiglottic fold (arrow). PS — pyriform sinus. B) Axial
scan demonstrates distention of right pyriform sinus (PS). Right aryepiglottic fold
(arrows) is displaced toward midline as seen endoscopically. C) 3-D computed
tomographic laryngogram shows excellent correlation, demonstrating distended
right pyriform sinus (PS). Laryngeal vestibule (V) is displaced and compressed
from its right side by right aryepiglottic fold (black arrows). More inferiorly, there
is significant mass (M) effect on right side of airway (white arrows).

was statistically significant by a paired Student’s ¢
test, with p <.01 (p = .002). The Mann-Whitney test
also showed significance, with p < .05 (p = .02). In
terms of assistance to the understanding of lesions as
seen on axial scans, the two radiologists ranked the 3-
Dimages tobe 2.1, while the otolaryngologist ranked
the images at 3.1. This difference was statistically
significant by a paired Student’s ¢ test, with p<.01 (p
=.004). The Mann-Whitney test also showed signifi-
cance, with p < .05 (p = .04).

Image quality was assessed the same by the radi-
ologists and the otolaryngologist. However, in terms
of defining the lesion extent and assisting in under-
standing the axial CT scans, the otolaryngologist
consistently ranked the 3-D images as being of addi-
tional value, compared to the standard axial CT
examination.

DISCUSSION

The new technology of helical CT is rapidly be-
coming the preferred technology for scanning of the
body. Conventional “step and shoot” CT requires a 2-
to 4-second scan time and an obligatory 6-second
delay between slices. Although the scan time is short
enough to provide good-quality images of the upper
airway, the duration of the scan may create motion
artifact, especially from breathing or swallowing
during the scan. The relatively long delay between
scans translates into a scan time of approximately 4.5
minutes to scan the entire neck. Since each slice is
performed independently, reconstructed images are
crude unless very thin (1 to 1.5 mm) scans are
performed, which require an unacceptable amount of
time. Additionally, misregistration artifact is not un-
common if scans are not performed at exactly the
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specified level because of movement.

Magnetic resonance imaging has a complemen-
tary role to CT in evaluating the upper airway. Al-
though it is frequently subject to artifacts because of
longer imaging times, it does have the advantage of
being able to display lesions in a multiplanar fashion.
Although T2-weighted images can be helpful by
providing improved visualization of a tumor with
better intrinsic contrast than CT, the poorer spatial
resolution of magnetic resonance imaging limits its
evaluation of small structures.

New helical technology reduces the scan time to 1
second and eliminates any interscan delay. An anal-
ogy put forward to explain helical scanning is that of
a spring that describes the path of the x-ray beam as
it rotates around the patient while the patient is being
moved through the scanner. An entire acquisition is
routinely performed within a single breath-hold. Thus,
there is no opportunity for misregistration of slices,
which would severely compromise any multiplanar
reconstructions. The large number of data assimi-
lated with helical CT provides one with the ability to
construct high-quality 3-D images. Following the
completion of the routine axial images, the computer
data are reanalyzed by means of overlapping axial
images without the patient’s incurring any additional
radiation. This ability is unique to helical technology.
Thus, 3-D reconstructions are of extremely high
quality, with smooth contours.

Until the present time, 3-D helical CT has concen-
trated on imaging of the vasculature, as rapid scan-
ning has provided high levels of contrast during the
entire study. The result is the production of exquisite
angiograms and venograms by means of a simple
venous injection. We have applied 3-D imaging in a
unique fashion to take advantage of the natural con-
trast between the air and soft tissue interfaces of the
upper airway — a technique not previously per-
formed. The models have the resultant appearance of
an airway “cast” or a laryngogram, with the air-
containing structures being white, while all soft tis-
sues are eliminated. Laryngograms, because of their
invasive nature, have been used to a limited extent
since the availability of CT. Prior to CT they allowed
visualization of mucosal abnormalities, as well as the
vertical extent of lesions.

In the present study, our goal was to evaluate

whether high-quality 3-D images of the upper airway
could be adequately produced and to determine if
there was any difference in these images as perceived
by radiologists versus an otolaryngologist in terms of
complementing the standard axial CT. All agreed that
the 3-D images were of excellent quality. One benefit
was that these images were obtained completely
noninvasively, without either patient discomfort or
the instillation of foreign material as is necessary
with laryngography.

In terms of the ability to judge the extent of the
lesion, the otolaryngologist’s ranking was statistical-
ly higher (3.7) than the radiologists’ ranking (2.6).
The coronal and sagittal images were most helpful in
aiding the appreciation of the vertical extent of a
lesion compared to the more tedious task of extrapo-
lating the length of the lesion by adding sequential
axial images (Fig 2). They also were able to display
the majority of the lesion on a single image for
reference during subsequent surgical procedures (Fig
2). Additionally, the 3-D images assisted in under-
standing the position and mass effect of the lesions
(Figs 3 and 4). The radiologists ranked the value of
3D images as 2.1, while the otolaryngologist ranked
it as 3.1 — a statistically significant difference. The
otolaryngologist found the 3-D presentation, espe-
cially the coronal, lateral, and mildly oblique images,
beneficial in allowing him to appreciate the effect of
the lesion and its mass effect on adjacent normal
structures such as the pyriform sinuses, aryepiglottic
folds, true vocal cords, and subglottic regions. This
was especially true in cases in which bulky masses
precluded direct assessment by laryngoscopy.® In
contrast, the radiologists, more familiar with axial
images, found the 3-D format less helpful. The tech-
nique, since it can be rapidly performed without
additional radiation or discomfort, is an adjunct to the
standard axial scans. The standard axial images re-
main the mainstay of assessing deep tissue invasion
and cartilage destruction. However, the overall im-
pactof the study has been an improved understanding
and appreciation of the correlation between the radio-
logic information and information obtained clinical-
ly. In the future, technical advances in 3-D imaging
may offer the potential for an interactive, virtual
reality—type image manipulation that might assist the
otolaryngologist in planning the most appropriate
surgical procedure.
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NEUROPEPTIDE PARTICIPATION IN CANINE LARYNGEAL
SENSORY INNERVATION
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We investigated the quantitative participation of calcitonin gene-related peptide (CGRP), substance P (SP), and leu-enkephalin
(ENK) in canine laryngeal sensory innervation by immunohistochemistry in combination with retrograde labeling using the recently
introduced retrograde tracer cholera toxin subunit B—conjugated gold (CTBG). In the nodose ganglion, neurons labeled from the internal
branch of the superior laryngeal nerve with CTBG were investigated immunohistochemically by means of antisera against CGRP, SP,
and ENK. The percentages of neurons immunoreactive to each neuropeptide were as follows: CGRP 81.5%, SP 24.5%, and ENK 7.0%.
These results suggest that CGRP is the main sensory neurotransmitter in canine laryngeal sensory innervation.

KEY WORDS — afferent system, calcitonin gene-related peptide, canine, cholera toxin, enkephalin, laryngeal nerve, nodose

ganglion, substance P.

INTRODUCTION

In the peripheral afferent system of laryngeal in-
nervation, several kinds of neuropeptides have been
reported as putative sensory neurotransmitters and/or
neuromodulators.1-5

In the present study, we investigated the quantita-
tive participation of calcitonin gene-related peptide
(CGRP), substance P (SP), and leu-enkephalin (ENK),
putative sensory neurotransmitters, in laryngeal sen-
sory innervation by immunohistochemistry in com-
bination with retrograde labeling using the recently
introduced retrograde tracer cholera toxin subunit B—
conjugated gold (CTBG).6

MATERIALS AND METHODS

The procedure for preparing CTBG has been re-
ported elsewhere.” Five puppies of both sexes, weigh-
ing 1.5 to 2 kg, were used, and all operative proce-
dures were performed under deep anesthesia with
pentobarbital (intraperitoneal administration, 30 mg/
kg). The skin was incised on the ventral midline of the
neck, and the right internal branch of the superior
laryngeal nerve (SLNI) was exposed. Under a surgi-
cal microscope, 5 uL of CTBG solution was injected
into the SLNI at the level of the thyrohyoid mem-
brane. After the injection, the injected nerve and
surrounding tissues were washed thoroughly with
saline, after which the skin was sutured. After 48

hours, 300 pg of colchicine was injected into the
ipsilateral nodose ganglion (NG). Twenty-four hours
later, the canines were perfused through the left
cardiac ventricle with 0.1 mol/L phosphate buffered
saline (PBS) followed by an ice-cold fixative con-
taining 4% paraformaldehyde, 0.2% picric acid, and
0.35% glutaraldehyde in 0.1 mol/L phosphate buffer
(PB). After perfusion fixation, the right NG was
removed and postfixed with 4% paraformaldehyde
and 0.2% picric acid in 0.1 mol/L. PB for 1 day.
Thereafter, the extirpated NG was immersed in 0.1
mol/L. PBS containing 20% sucrose for 1 day and
then serially sectioned at 20 um on a freezing mi-
crotome. Sections were successively collected in
three different containers containing 0.1 mol/L. PB
solution, and were washed in this solution for 30
minutes on a mixing plate at room temperature. Gold
labeling was converted to silver grain by means of a
BioCell Silver Enhancing Kit (BioCell, Cardiff,
Wales). After silver intensification, these sections
were processed for immunohistochemistry. Free-
floating sections were treated with 1% bovine serum
for 1 hour. The sections collected in the different
containers were respectively incubated with anti-
CGRP serum (Amersham, x5,000), anti-SP serum
(Immunonuclear Co, x5,000), and anti-ENK serum
(Immunonuclear Co, x5,000) for 4 days at 4°C.
Sections were then incubated with biotinylated anti-
rabbit IgG (Vector Lab, x1,000) for 1 day and with
avidin-biotin-peroxidase complex (Vector Lab,
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x1,000) for 1 day. All sera were diluted with 0.1 mol/
L PBS containing 0.1% Triton X-100. Before each
step of the reaction, sections were washed with 0.1
mol/L PBS. Bound peroxidase was visualized in 50
mmol/L Tris hydrochloride buffer (pH 7.5) contain-
ing 0.01% 3,3'diamidinobenzidine (DAB)and 0.01%
hydrogen peroxide. The sections were then mounted
on chrome-coated glass slides, air-dried, and washed
with tap water. Finally, tissues were dehydrated in a
graded series of ethanol, cleaned in xylene, and
covered with Entellan (Merck, Darmstadt, Germany).

RESULTS
Neurons labeled with CTBG were clearly identi-

Fig 2. Ipsilateral nodose ganglion stained
immunohistochemically with antiserum
against CGRP after application of CTBG
to internal branch of superior laryngeal
nerve (original x200). CTBG-labeled neu-
rons were localized in rostrolateral divi-
sion of ganglion. Most labeled neurons
had CGRP-like immunoreactivity.

Fig 1. High magnification of neurons in
ipsilateral nodose ganglion stained immu-
nohistochemically with antiserum against
calcitonin gene-related peptide (CGRP)
after application of cholera toxin subunit
B—conjugated gold (CTBG) to internal
branch of superior laryngeal nerve (origi-
nal x1,000). Neurons with CGRP immu-
noreactivity only (A) were identified by
presence of brown diamidinobenzidine
product in their cytoplasm. B — CTBG-
labeled neurons without CGRP-like im-
munoreactivity. C—CTBG-labeled neu-
rons with CGRP-like immunoreactivity.

fied by the presence of scattered black dots in their
cytoplasm. Neurons with each type of neuropeptide-
like immunoreactivity were identified by the pres-
ence of brown DAB product in their cytoplasm. The
black dots resulting from silver intensification of
CTBG were clearly distinguishable from the DAB
product obtained by immunohistochemistry. The
CTBG-labeled neurons with and without neuropep-
tide-like immunoreactivity could be clearly identi-
fied (Fig 1).

The CTBG-labeled neurons were located in the
rostrolateral division of the NG (Fig 2). The percent-
ages of CTBG-labeled neurons with each neuropep-
tide-like immunoreactivity are shown in the Table.
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PERCENTAGE OF CTBG-LABELED
NEURONS WITH CGRP-, SP-, AND ENK-LIKE
IMMUNOREACTIVITY IN NODOSE GANGLION

Animal No. CGRP SP ENK
1 732 179 S5
2 81.2 23.1 6.3
3 85.8 26.5 8.5
4 88.7 334 NA
5 78.4 218 75
Average 81.5 24.5 70

CTBG — cholera toxin subunit B—conjugated gold, CGRP — calcito-
nin gene-related peptide, SP — substance P, ENK — leu-enkephalin,
NA — not available.

Although immunohistochemistry for ENK failedin 1
animal, there were no problems with the specimens
from the other animals.

DISCUSSION

Although a variety of tracers can be used in com-
bination with immunohistochemistry, many have
disadvantages that make them inappropriate for cer-
tain kinds of studies.® We previously found, using
cholera toxin as a tracer, that the NG contains CGRP-
immunoreactive neurons that send their nerve fibers
into the SLNI.8 However, a quantitative study could
not be performed with this tracer. Tanaka et al® also
investigated the CGRP-immunoreactive neurons in
the cat NG supplying laryngeal sensory nerve fibers
by using wheat germ agglutinin as a retrograde tracer
incombination withimmunohistochemistry of CGRP.
However, they could not clarify the percentages of
labeled neurons with CGRP-like immunoreactivity,
since this technique did not simultaneously visualize
retrograde wheat germ agglutinin and CGRP-like
immunoreactivity on a single section.

We previously reported that CTBG is a very useful
tracer when used in combination with immunohisto-
chemistry.” The process of silver intensification did
not reduce the immunoreactivity for the neuropep-
tides. The CTBG-labeled neurons with and without
neuropeptide-like immunoreactivity were clearly dis-
tinguishable on the same section under light micros-
copy. Unlike with fluorescent tracers, it was possible
to observe the retrograde tracer and immunoreactiv-
ity repeatedly. This is also a clear advantage of this
tracer.

We previously examined the distribution of affer-
ent neurons from the canine SLNI using horseradish
peroxidase as a retrograde tracer.10 The afferent neu-
rons were detected only in the rostrolateral division
of the ipsilateral NG, and never in the contralateral
NG or the jugular ganglion of the vagus nerve. This
is the reason we examined only the ipsilateral NG
after application of CTBG to the SLNI in this study.

The distribution pattern of CTBG-labeled neurons in
the NG in this study corresponded well with the
results obtained in our previous study using horserad-
ish peroxidase, !0 indicating that CTBG is a reliable
tracer.

Calcitonin gene-related peptide and SP have been
considered to be the main putative neurotransmitters
in the laryngeal afferent system.!-5 Although the
distribution patterns of these peptides in the canine
laryngeal mucosa are similar, suggesting an overlap-
ping distribution, we previously found that SP-im-
munoreactive fibers were-fewer than CGRP-immu-
noreactive fibers.3 In contrast to this finding, there
have been reports that CGRP-immunoreactive fibers
were similar in density and distribution to SP-immu-
noreactive fibers in the laryngeal epithelium of dogs?
and cats.® This discrepancy seems to be due to the
methods used for qualitative judgment in these stud-
ies.

Helke and Niederer!! demonstrated that SP- and
CGRP-like immunoreactivities were similarly dis-
tributed in scattered cells, concentrated mostly in the
rostral pole of the rat NG, and that SP-like immuno-
reactivity coexisted with CGRP-like immunoreac-
tivity, although there was at least twice the number of
CGRP-immunoreactive neurons as SP-immunoreac-
tive neurons, indicating the presence of CGRP-im-
munoreactive neurons that did not contain SP-like
immunoreactivity. This finding and our previous
report3 suggest that there may be a difference in the
numbers of CGRP- and SP-immunoreactive neurons
in the NG of the laryngeal afferent system. The
present study showed that there are almost three
times as many CGRP-immunoreactive neurons as
SP-immunoreactive neurons for the laryngeal affer-
ent system.

Although the functional roles of SP- and CGRP-
immunoreactive fibers in the laryngeal epithelium
have not yet been clarified, these fibers might repre-
sent unmyelinated C fibers, because both SP and
CGRP have been demonstrated to be released from
the epithelium in the lower respiratory tract by cap-
saicin.1214 Thus, nerve fibers containing SP or CGRP
either alone or in combination may subserve different
local epithelial or mucosal responses (plasma extra-
vasation and vasodilatation), and may be selectively
activated by different airway stimuli (ie, chemical
irritation versus immune responses).1415 The present
study indicates that CGRP plays a major role in this
system of the larynx.

Although CGRP and SP have been demonstrated
to be neurotransmitters in the laryngeal afferent sys-
tem, the existence of other putative neurotransmitters
(cholecystokinin, neurokinin A, vasoactive intestinal
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peptide, somatostatin, and dopamine) in the NG has
also been reported.11:16 The present study suggests
that ENK is a candidate neurotransmitter in the laryn-
geal afferent system, although its involvement seems

low, considering the fact that only 7% of afferent
neurons from the SLNI had ENK-like immunoreac-
tivity. The functional role of ENK in the laryngeal
afferent system remains to be elucidated.
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Positron emission tomography (PET) is a relatively new radiologic imaging technique based on glucose analog uptake and
metabolism in tumor tissue. In this study, PET was used in evaluating 38 patients with laryngeal cancer. Twenty-five patients were
examined with PET prior to treatment to study the reliability of PET in identifying the primary tumor and assessing regional nodal status;
13 patients who had previously received irradiation with curative intent and who represented differential diagnostic problems were
imaged to differentiate between irradiation effects and recurrent or residual cancer. Findings for both groups were compared to results
of clinical evaluation and those of computed tomography (CT) and magnetic resonance imaging (MRI). The PET results were essentially
identical to those of CT, MRI, and clinical evaluation in identifying metastatic lesions (82% correct), and were as reliable as CT and MRI
for correctly identifying primary tumors (88%). Positron emission tomography was most helpful in differentiating recurrent tumor from
postirradiation tissue sequelae. However, its lack of anatomic detail made PET less valuable for primary staging and therapeutic planning.
It may enhance the diagnostic accuracy of CT and MRI where anatomic distortions occur or where diagnostic criteria for CT and MRI

are ambiguous.

KEY WORDS — cervical metastases, laryngeal carcinoma, laryngeal radionecrosis, positron emission tomography.

INTRODUCTION

In making treatment decisions for patients with
laryngeal carcinoma, two areas of concern are 1)
identification and management of occult and mani-
fest nodal disease and 2) differentiation between
tumor recurrence and postirradiation soft tissue
sequelae.

Positron emission tomography (PET) is a func-
tional imaging modality that can demonstrate differ-
ences in tissue metabolism. A radioisotope is affixed
to a glucose analog, and areas of increased glucose
uptake and increased metabolism can be seen on the
PET images. Several investigators have reported the
utility of 2-(fluorine-18)fluoro-2-deoxy-D-glucose
(FDG-PET) in imaging head and neck carcinoma and
regional metastases.!-3

Computed tomography (CT) or magnetic reso-
nance imaging (MRI) frequently does not accurately
predict disease recurrence after radiation treatment.5
One clinically accepted indication for PET is distin-
guishing recurrent cerebral tumor from normal tissue
changes after radiotherapy.’-13 One study!0 showed
FDG-PET to have an overall accuracy of 84%, and
positive and negative predictive values of 79% and

89%, respectively.

Chaiken et al’ studied postirradiation PET scans in
15 patients. Persistent or recurrent disease was found
in 6 of 7 patients (86%) in whom FDG activity was
elevated after irradiation.

In our study of two groups of patients with squa-
mous cell carcinoma of the larynx, we compared PET
findings to those of CT and MRI, as well as clinical
evaluation for 1) pretreatment assessment of primary
and metastatic disease and 2) posttreatment differen-
tiation between radiation-related tissue sequelae and
recurrent carcinoma.

MATERIALS AND METHODS

Thirty-eight patients with a clinical diagnosis of
laryngeal carcinoma who were examined at the head
and neck tumor clinic at our institution were enrolled
in an institutionally approved research protocol.
Twenty-five (group 1) were studied before definitive
therapy; 13 with diagnostic problems (group 2) had
previously undergone irradiation with curative intent
at least 3 months earlier, but abnormal clinical soft
tissue findings suggested recurrent cancer or radio-
necrosis.
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The CT or MRI images were obtained for all
patients at the time of their PET examinations. The
CT scans were performed with the GE 9800 Advan-
tage Scanner with infusion of gadolinium and with 3-
mm cuts at 3-mm intervals through the larynx and at
5-mm intervals below the larynx. The CT criteria for
nodal positivity included central lucency (necrosis),
size >1.5 cm, and irregular margins. The MRI scans
were performed with the GE Signa 1.5-T scanner
with infusion of gadolinium at 3-mm intervals.

All patients had clinical examinations and the 25
group 1 patients had tumor staging (4 T1,7 T2, 10 T3,
and 4 T4). Twenty-seven neck dissections were per-
formed in 17 patients, after which the nodes were
analyzed pathologically.

The PET studies were performed on a Siemens
ECAT 951 unit (Siemens Medical Systems, Hoffman
Estates, I11) 45 minutes after the patient was injected
with 10 mCi of FDG. The total scanning time was
approximately 30 minutes. Images were corrected
for attenuation by using a transmission scan of the
patient obtained before the injection of FDG.

The PET images were displayed directly on a
computer that showed the entire scan volume in three
orthogonal planes (transaxial, coronal, and sagittal),
as well as a ciné three-dimensional display. Lesions
were identified and subjectively characterized in
relationship to normal anatomy and surrounding tis-
sue uptake. The standard uptake value (SUV) is the
amount of radiotracer in a region normalized by the
injected dose and the patient’s body mass. The SUVs
were calculated for any tissues that demonstrated
increased radiotracer uptake. The PET images were

displayed and regions were drawn snugly around
areas of interest. The average and the maximal SUVs
were recorded for each region.

Each pathology specimen was analyzed by one or
the other of our two pathology colleagues (K.R.G. or
JOC).

RESULTS

Group 1. In 22 of the 25 patients (88%) in this
pretreatment group, the primary tumor was correctly
identified on the basis of PET findings (Fig 1). There
was 1 false-negative (4%) result, and results were
equivocal in 2 patients (8%). All 3 lesions not clearly
identified were in the supraglottic region. One patient
had synchronous primary tumors of the head and
neck that were identified clinically, but only 1 of the
2 tumors was identified with PET.

The PET determination of neck nodal status was
correlated with pathology findings in 27 neck speci-
mens from 17 patients who later underwent surgery.
The PET findings agreed with the pathology findings
in 22 of 27 specimens (81%), were false-positive in
3 of 27 specimens, and were equivocal in 2 of 27
specimens.

In 22 of 27 neck specimens (81%), the results of
CT and MRI also agreed with the pathology results as
to the presence or absence of metastatic disease; 3
others were false-positive; 1 was false-negative; and
1 was equivocal by CT criteria. The CT and MRI
demonstrated the primary lesion in 21 of 24 cases
(87.5%), were equivocal in 1 case, and were false-
negative in 2 cases. Only 1 of the 2 primary lesions
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Fig 2. PET scan delineates advanced
supraglottic laryngeal carcinoma
with bilateral metastatic neck nodes
(T3N2b).

was identified in the patient with synchronous pri-
mary lesions. :

The correlation of PET with CT and MRI for neck
nodal disease was 19 of 23 (4 neck specimens did not
have CT or MRI studies; Fig 2). Where there were
discrepancies in diagnosis, pathology specimens were
available for 3 patients; 2 of these cases had been
accurately predicted by PET, and 1 had been accu-
rately predicted by CT.

All primary lesions and the simultaneous double
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Fig 3. PET scanning for diagnostic dilemma: recurrent
carcinoma versus radionecrosis. Scan is positive for recur-
rent carcinoma.

primary tumors were identified clinically, and this
was the method by which patients were entered into
the study. One patient subsequently was found to
have a granuloma rather than a carcinoma, therefore,
the clinical false-positive ratio was 1 to 27 (3.7%).
Clinical and pathologic assessment of nodal status
agreed in 21 of 27 cases (78%); there were 4 false-
positive (15%) and 2 false-negative (7%) diagnoses.

Group 2. Of the 13 posttreatment patients with the
diagnostic dilemma of recurrent cancer versus postir-
radiation soft tissue changes, PET results correctly
differentiated 11 (Figs 3 and 4). The PET study was
equivocal in 1, and led to 1 false-negative diagnosis
in a patient who was studied 2 months prior to
resection. The last patient had a single microfocus of
cancer found on whole-organ serial sectioning in an
area distant from the area of radionecrosis when the
nonfunctional larynx was removed because of aspira-
tion and airway obstruction. Seven patients had re-
current or residual cancer confirmed by pathologic
examination, 1 patient had no cancer by examination
of the surgically removed dysfunctional larynx, and
5 patients, in whom the larynx had been salvaged, had
no cancer on long-term clinical follow-up for more
than 2 years.

The SUVs were determined for all patients. Pa-
tients with recurrent tumor had average SUVs rang-
ing from4.9 to 10.7 and maximal values ranging from
5.3 to 11.9. Patients in whom no recurrence has been
detected had average values of 2.4 to4.7 and maximal
values ranging from 3.0 to 5.4.

Computed tomography or MRI studies were avail-
able for 12 of the 13 patients: 7 of the 12 studies were
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Fig 4. PET scanning for diagnostic
dilemma: recurrent carcinoma versus
radionecrosis (based on subjective and
objective standard uptake values and
ratios). Scan indicates laryngeal radio-
necrosis but positive nodal (left-sided)
metastases, confirmed pathologically.

reported to be equivocal for tumor recurrence or
persistence. In 5 (42%) of the 12 recurrent or residual
cancers with available CT or MRI studies, a mass was
detected that was believed to represent recurrent
cancer in addition to the postirradiation changes (see
Table).

DISCUSSION

In this study, the results of PET were comparable
to those of CT or MRI with respect to positive
identification of the primary tumor. However, as
regards primary tumor identification, none of these
modalities is yet as sensitive or as specific as clinical
direct and indirect examinations.

One problem with PET is that resolution to 6 mm
appears to be the limit of current equipment and
techniques. The supraglottic region appears to present
the greatest diagnostic difficulties. Low tumor vol-
ume in small, superficial lesions is one limiting
factor, but difficulty in imaging tumors in this area is
also related to the fact that FDG is secreted in saliva.
This saliva pools in the valleculae and pyriform
sinuses and may falsely elevate background uptake in

ACCURACY IN EVALUATING LARYNGEAL

CARCINOMA
Primary Nodal Radionecrosis

Study Lesions Disease*  vs Carcinoma
PET 22/25 (88%) 22/27 (81%) 11/13 (85%)
CT or MRI 21/24 (88%) 22/27 (81%) 5/12 (42%)
Clinical

impression 24/25 (96%) 21/27 (78%)

*Confirmed by pathology.

1113477
11-06-92

#

those areas. Currently, quantification of this back-
ground uptake with SUVs is being studied.

Another major deficiency of PET scanning is its
lack of anatomic definition of lesion site and extent.
These two determinants are key points in correct
staging of tumors, in deciding if conservation surgi-
cal techniques are possible, and in selecting the
appropriate treatment modality; ie, invasion of the
preepiglottic space by supraglottic carcinoma may
contraindicate radiotherapy, and glottic extension of
supraglottic tumor militates against classic supraglot-
tic conservation techniques.

The PET results and those of CT and MRI were
comparable for establishing the presence or absence
of nodal metastases and were slightly superior to the
findings of clinical examination alone. Either form of
imaging is potentially more beneficial in the postir-
radiated patient and the obese or muscular patient, in
whom deep neck nodal metastases may be difficult to
differentiate clinically. Information obtained with
PET may prove to be additive to that obtained with
CT in the equivocal case of marginal-size nodes
(<1.5 cm) or a node with a small radiolucency that
could represent either hilar fat or metastatic tumor.

Currently, PET studies cost 11/2 times as much as
CT studies. Until either the cost is reduced or the
resultsimprove to show clear superiority, PET should
remain an investigational modality for metastatic
neck adenopathy. Currently, it is available when
needed to help define the otherwise equivocal case.

Where PET is clearly superior to the clinical ex-
amination and to CT or MRI is in the postirradiation
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patient who exhibits a spectrum of worrisome soft
tissue changes ranging from persistent or excessive
laryngeal edema, through ulcerated or granular
endolaryngeal soft tissue changes, to perilaryngeal
neck erythema, edema, and tenderness. Biopsy, al-
though usually required for diagnosis, is frequently
equivocal. Often, the surgeon is reluctant to obtain
multiple or deep biopsy specimens in such cases for
fear of initiating or aggravating radionecrosis. This
reluctance, though, must be tempered by the possibil-
ity of failing to diagnose recurrent or residual cancer
and thereby allowing it to progress while medical
measures are utilized. If soft tissue or cartilage necro-
sis can be distinguished reliably with PET, the larynx
may be salvageable through tracheostomy with anti-
biotics, hyperbaric oxygen, and cartilage debridement.

In this series of patients, while PET was not uni-
formly correct, it was much more reliable in provid-
ing the correct diagnosis than either clinical evalua-
tion or CT and MRI. The single false-negative diag-
nosis involved a microfocus of tumor in a patient who
had undergone PET 2 months earlier and who had
progression of radionecrosis after negative biopsy
results. The positive focus was found distant from the
clinical area of suspicion and distant from the original
tumor site.

The accuracy of PET in differentiating tumor from
postirradiation tissue changes (85%) was essentially
identical to that reported by Valk and Dillon!? for
brain tumors (84%). Therefore, PET is a valuable
diagnostic tool in such cases. Analysis of postirradia-
tion PET studies indicates that FDG uptake 1 month
after irradiation is not reliable to differentiate persis-
tent tumors!3 and has a high incidence of false nega-
tivity. Differentiation is more reliable 4 or more
months postirradiation.

SUMMARY

Positron emission tomography is an effective tool
for identifying primary laryngeal carcinoma and es-
tablishing the presence or absence of nodal meta-
static disease in these patients. Currently, it is equal
to CT or MRI and clinical examination for evaluating
neck disease. It has not been useful in identifying
early primary disease in the supraglottic region, how-
ever. To date, PET lacks sufficient anatomic detail
relative to the primary tumor, and therefore has
limited use in therapeutic planning. The major advan-
tage of PET at this time in the management of
laryngeal cancer is in the differentiation of recurrent
cancers from postirradiation soft tissue sequelae.
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ENDOSCOPIC VOCAL FOLD MICROFLAP:
A THREE-YEAR EXPERIENCE
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Surgical techniques for the removal of vocal fold (VF) disorders that arise within the lamina propria must permit the preservation
and/or restoration of VF vibratory characteristics. The endoscopic VF microflap is designed to do such. A retrospective study was
undertaken to evaluate the efficacy of this procedure. Forty microflaps (7 bilateral, 1 revision) were performed on 32 patients. Charts
and surgical pathology findings were reviewed. Preoperative and 3-month postoperative video recorded voice samples and stroboscopic
examination results were compared. Findings on perceptual voice analysis did not significantly change. Stroboscopic examinations
revealed improved postoperative VF closure in 27 of 29 patients with impaired preoperative closure and return of mucosal wave in 18
of 24 VFs operated on for the excision of cysts or polyps. When present preoperatively (6 patients), the mucosal wave was preserved.
Most patients (28 of 30) rated themselves as clinically improved. The endoscopic VF microflap is efficacious in the treatment of selected

VF disorders. The surgical technique is discussed.

KEY WORDS — glottis, laryngeal microflap, mucosal wave, polypoid corditis, Reinke’s edema, vocal fold cyst.

INTRODUCTION

Since the initial popularization of the anatomy of
the leading edge of the vocal fold by Minoru Hirano
in the mid-1970s, and the development of an im-
proved understanding of glottic vibratory cycles
through the work of Titze and Talkin! and Titze? in
the late 1970s, laryngologists have labored to find
improved methods for the excision of benign vocal
fold lesions. One unifying concept has emerged:
excision of the lesion with as little disruption to the
surrounding normal tissue as possible is desirable.

Most benign disorders of the true vocal folds arise
within the superficial layer of the lamina propria.3
Thus, with knowledge of the anatomy, the concept of
microflap surgery arose<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>