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FELLOWS IN ATTENDANCE AT THE ONE HUNDRED SIXTH ANNUAL MEETING

First Row: Sanders, Myers, Pratt, Snow, Miller, G. Tucker, Lewis, Strong, J. Tucker, Bryce.
Second Row: Lejeune, H. Tucker, Fee, Ballenger, Jako, Fearon, Cohen, Schild, Yanagisawa.
Third Row: Murakami, J. Kirchner, Saunders, Fredrickson, Johns, Chodosh, Cummings, R. Sessions, Friedberg, Healy.
Fourth Row: Norris, Sisson, Gross, Montgomery, Neel, Rice, Blaugrund, Hirano, Farrior, Sasaki.

Fifth Row: Lore, Brewer, Aprigliano, Kashima, Bailey, Gates.

Sixth Row: Woodman, Lewy, Benjamin, Hudson, Calcaterra, Olson.

Seventh Row: Evans.



OFFICERS 1984-1985

PRESIDENT

GABRIEL F. TUCKER, JR, MD

VICE-PRESIDENT (PRESIDENT-ELECT)

DOUGLASP. BRYCE, MD

TREASURER

LORING W. PRATT, MD

FIRST COUNCILOR

HAROLD G. TABB, MD

SECOND COUNCILOR

M. STUART STRONG, MD

COUNCILORS-AT-LARGE

RICHARD R. GACEK, MD

PAUL H. WARD, MD

REGISTRATION OF FELLOWS
ACTIVE HEALY, GERALD B.

HICKS, JULIUS N.
HUDSON, WILLIAM R.
JAKO, GEZA J.
JOHNS, MICHAEL E.
KASHIMA, HASKINS K.
KRAUSE, CHARLES J.
LEJEUNE, FRANCIS E., JR
LEWIS, JOHN S.

LORE, JOHN M., JR
MCCABE, BRIAN F.
MIGLETS, ANDREW W., JR
MILLER, ALDEN H.

MONTGOMERY, WILLIAM W.
MYERS, EUGENE N.

NEEL, H. BRYAN III
OLSON, NELS R.
PENNINGTON, CLAUDE L.
PRATT, LORING W.
REED, GEORGE F.
RICE, DALE H.

RITTER, FRANK N.
SASAKI, CLARENCE T.
SCHILD, JOYCE A.

SISSON, GEORGE A.
SKOLNIK, EMANUEL M.

SNOW, JAMES B., JR
SOOY, FRANCIS A.
SPECTOR, GERSHON J.

5

ALFORD, BOBBY R.

ApPLEBAUM, EDWARD L.
BAILEY, BYRON J.
BALLENGER, JOHN J.
BAXTER, JAMES D.

BILLER, HUGH F.

BLAUGRUND, STANLEY M.
BOLES, ROGER
BORDLEY, JOHN E.

BREWER, DAVID W.
BRIANT, T. DAVID R.
BRYCE, DOUGLAS P.

CALCATERRA, THOMAS C.
CANALIS, RINALDO F.

CANTRELL, ROBERT W.
CHANDLER, JAMES R., JR
CHODOSH, PAUL L.
CODY, CLAUDE C. III
COHEN, SEYMOUR R.

CUMMINGS, CHARLES W.
FARRIOR, RICHARD T.
FEARON, BLAIR W.
FEE, WILLARD E., JR
FREDRICKSON, JOHN M.
GACEK, RICHARD R.
GATES, GEORGE A.
GOLDSTEIN, JEROME C.
GROSS, CHARLES W.

SECRETARY

EUGENE N. MYERS, MD

HISTORIAN-EDITOR

JAMES B. SNOW, JR, MD

THIRD COUNCILOR

JOHN S. LEWIS, MD

SPRINKLE, PHILIP M.

STRONG, M. STUART
TUCKER, GABRIEL F., JR
TUCKER, HARVEY M.

TUCKER, JOHN A.
VAUGHAN, CHARLES W.
WARD, PAUL H.

WOODMAN, DEGRAAF
YANAGISAWA, EIJI
YARINGTON, CHARLES T., JR

EMERITUS

FRIEDBERG, STANTON A.
LEWY, ROBERT B.
KING, JAMES T.

KIRCHNER, JOHN A.

MILLER, DANIEL
SANDERS, SAM H.

HONORARY

CONLEY, JOHN J.
NORRIS, CHARLES M.

CORRESPONDING

BENJAMIN, BRUCE
EVANS, JOHN N. G.
HIRANO, MINORU
SNOW, GORDON B.



MINUTES OF THE EXECUTIVE SESSIONS

FIRST SESSION - MAY 25, 1985

The First Executive Session of the 106th Annual

Meeting was convened at 7 AM in the LaRonde
Room at The Fontainebleau Hilton Hotel, Miami

Beach, Florida, Gabriel F. Tucker, Jr, MD, Chi

cago, presiding. The following candidates, having
been recommended for Fellowship by the Council,
were unanimously elected to Active Fellowship: Ri
naldo F. Canalis, MD, Los Angeles; Paul L. Cho
dosh, MD, Hillside, New Jersey; Richard L. Goode,
MD, Stanford, California; Charles W. Gross, MD,
Memphis; Haskins K. Kashima, MD, Baltimore;
Dale H. Rice, MD, Los Angeles; to Emeritus

Fellowship: Kenneth D. Devine, MD, Rochester,
Minnesota; Joseph L. Goldman, MD, New York;
James T. King, MD, Atlanta; John A. Kirchner,
MD, New Haven, Connecticut; Harry L. Morse,
MD, Middleboro, Massachusetts; to Corresponding
Fellowship: Flavio Aprigliano, MD, Rio de Janeiro;

Tetsuzo Inouye, MD, Saitama, Japan; Yasushi
Murakami, MD, Tokyo; Henry J. Shaw, MD, Lon
don.

Following their election the new Active Fellows
were introduced to the Association by their respec
tive sponsors, presented with certificates of fellow
ship, and welcomed by President Tucker. President
Tucker introduced Joyce Schild, MD, Chicago, the
first woman elected to the American Laryngologi
cal Association. Flavio Aprigliano, MD, Rio de
Janeiro, was introduced as a new Corresponding
Fellow, and the other new Corresponding Fellows
were also announced.

The following Fellows were elected as members
of the Nominating Committee: John A. Tucker,
Chairman; Jerome C. Goldstein; Seymour R. Co
hen; Michael E. Johns; and Willard E. Fee, Jr.

SECOND SESSION - MAY 26, 1985

The Second Executive Session was opened by
President Tucker at 12:30 PM, and the report of the
Nominating Committee was received from the
Chairman, Dr John A. Tucker. The following Fel
lows were nominated to the Council and elected
unanimously: Douglas P. Bryce; Loring W. Pratt;
Eugene N. Myers; John M. Fredrickson; James B.
Snow, Jr; M. Stuart Strong; John S. Lewis; Gabriel
F. Tucker, Jr; Patrick J. Doyle; Gerald B. Healy.

The reports of the following officers and commit
tees were submitted and duly accepted: Report of
the Secretary, Report of the Historian-Editor,
Report of the Governor of the American College of
Surgeons, Report of the Research Committee, and
Report of the Treasurer.

The meeting was adjourned until the end of the
Scientific Session.

At the close of the Scientific Session, the Ex-

ecutive Session was reconvened by President Tuck
er. At the President's direction, the newly elected
members of the Council, acting as Directors of the
Association, organized themselves for the year
1985-1986 as follows: President: Douglas P. Bryce,
MD; Vice-President (President-Elect): Loring W.
Pratt, MD; Secretary: Eugene N. Myers, MD;
Treasurer: John M. Fredrickson, MD; Historian
Editor: James B. Snow, Jr, MD; First Councilor:
M. Stuart Strong, MD; Second Councilor: John S.
Lewis, MD; Third Councilor: Gabriel F. Tucker,
Jr, MD; Councilors-at-Large: Patrick J. Doyle,
MD; Gerald B. Healy, MD.

Following the organization of the Directors, Pres
ident Tucker thanked the Council and Fellows for
their support during the year and introduced Dr

Douglas P. Bryce as the new President, who ad
journed the meeting.
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REPORTS

REPORT OF THE SECRETARY

The American Laryngological Association has been reviewed
by the Accreditation Council for Continuing Medical Education
and is authorized to grant continuing medical education credits at
its annual meeting for the next 6 years. The next accreditation
review will be in 1990.

The current number of Fellows includes 8 Honorary, 20 Cor
responding, 43 Emeritus, and 95 Active.

Dr Luzius Ruedi's letter telling of his severe auto accident in
1974 with resultant quadraplegia was read to the membership.

The next meeting of the American Laryngological Association
will be held at The Breakers in Palm Beach, Florida, on Sunday
and Monday, May 4 and 5, 1986.

The meeting of the Council will be held in conjunction with the
Eastern Section of the Triological Society at the Four Seasons

Hotel, Philadelphia, January 30 to February 1, 1986.

Respectfully submitted,
Eugene N. Myers, MD

Secretary

REPORT OF THE HISTORIAN-EDITOR

I have the sad duty to report the deaths of two Honorary
Fellows, three Emeritus Fellows, and one Active Fellow. Georges
Portmann was elected to Corresponding Fellowship in 1937 and
was elevated to Honorary Fellowship in 1968. He died on Feb

ruary 24, 1985. LeRoy A. Schall was elected in 1932 and served
the Association as Vice-President in 1949 and as President,
presiding at the 1957 meeting. He was elevated to Honorary
Fellowship in 1962. He died on April 22, 1985. Arthur J.
Cracovaner was elected in 1959 and served the Association as

Vice-President in 1965. In 1978, he was elected to Emeritus

Fellowship. He died on March 13, 1985. G. Slaughter Fitz-Hugh
was elected in 1955 and served the Association as Vice-President
in 1964 and as President, presiding at the 1974 meeting. In 1979,
he was elected to Emeritus Fellowship. He died on October 2,
1984. Oram R. Kline was elected in 1950 and in 1961 was elected
to Emeritus Fellowship. He died on January 19, 1983. William
M. Trible was elected in 1967 and served the Association as

Secretary from 1977 to 1982. He was honored by the Association
in 1982 with the Newcomb Award, and was a benefactor of the
Memorial and Laryngological Research Funds. He died on July
27, 1984.

The papers presented at this meeting will be published in the

November-December 1985 issue of the Annals oj Otology, Rhinol

ogy & Laryngology.
The library of the Historian-Editor of the Association does not

have a copy of the Transactions for the years 1879-85, 1888-89,
1891, 1893-97, 1899-1915, 1917, 1920-29, 1932-34, 1936, 1939-

40, 1943, "1955, 1960, 1970, and 1976. The Association will grate
fully receive copies of the missing issues as tax deductible contri
butions. A complete set from 1879 through 1984 belonging to the
Association is maintained in the library of the Eye and Ear Hos

pital in Pittsburgh.
Issues are available for sale to Fellows of the Association for

$2.00 per copy for the years 1918, 1942, 1944-46, 1947-49, 1951,
1953-54,1958-59,1962,1964-69,1971-75,1977-84.

Manuscripts for the 1986 meeting should be in the hands of the
Editor of the Annals oj Otology, Rhinology & Laryngology by
March 1,1986.

Respectfully submitted,
James B. Snow, Jr, MD
Historian-Editor

REPORT OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION GOVERNOR
OF THE AMERICAN COLLEGE OF SURGEONS

The Board of Governors of the American College of Surgeons
met October 21 to 25, 1984, in San Francisco. The first session
was addressed by Dr David Sabiston, Chairman of the Board of

Regents. Of special interest was the fact that contrary to previous
College policy, Dr Sabiston seemed to be quoting from the report
of the Graduate Medical Education National Advisory Commit
tee as if it were the Bible.

Dr Henry Bahnson, the President, emphasized international
relations. Dr C. Rollins Hanlon will continue to serve the College
as Director for another 2 years while his replacement is sought. Dr
Hanlon touched on the DRG problem and its many ramifications.

Fiscally the College is in sound shape. Discussion concerned

mainly professional liability, fiscal matters including a dues in-

crease, and socioeconomic issues including physician reimburse
ment.

At the second meeting of the Board of Governors, Dr Stuart

Strong spoke as a representative to the Advisory Council for

Otorhinolaryngology and pointed out that the American Board of
Otolaryngology has agreed to examine the matter of recognition
of added qualifications in the various areas of otolaryngology.

I wish to thank the Council for the privilege of having served as

your Governor for the past 6 years.

Respectfully submitted,
Gabriel F. Tucker, Jr, MD
Governor, American College of Surgeons
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8 Reports

REPORT OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION RESEARCH COMMITTEE

The Research Committee met on May 24, 1985, in The Fon
tainebleau Hilton Hotel, Miami Beach, Florida. Those present
were Roger Boles, MD, Chairman, John Fredrickson, MD, and

Hugh Biller, MD. Those absent were James B. Snow, Jr, MD,
Paul Ward, MD, and Arndt Duvall, MD. One guest was present,
Marlene Karakashian, PhD, Research Coordinator of the
American Academy of Otolaryngology-Head and Neck Surgery.

The minutes of the 1984 meeting of the Research Committee
were approved.

Suggestions for the research speaker for the 1986 Association

meeting are Colin Painter, PhD, Washington University, St
Louis; Bjorn Fritzel, MD, PhD, Stockholm; Dr Hajime Hirose,
Tokyo; Francis McCurtin, PhD, London; Joel Kahane, PhD,
Memphis; and David Hansen, MD, Los Angeles.

The following items are suggested by the Research Committee
to the Council and to the membership of the Association for ac

tion:
1. The Research Fund of the Association should be restored for

the support of research in laryngology, and the research

speaker's expenses reimbursed from other available Associa
tion resources.

2. Consideration should be given to augmenting, if possible, the
research awards from the Research Fund with funds that have

accrued over the years in the Casselberry Award Fund, since

this latter award has been seldom and only periodically made
over the past decade or two.

3. In order for the Association to assume an immediate and

stronger posture in support of laryngological research, a

check-off box for a voluntary research contribution of $100.00
should be included on the annual dues statement.

The following item is for long-range consideration by the
Association: development of a laryngeal research fund-raising
organization comparable to the Deafness Research Foundation.

The following comments were made by Marlene Karakashian,
PhD:
1. Laryngeal research is being done throughout the United States

in groups more or less in relative isolation from one another.

Perhaps these key groups should be cultivated and coordinated
by the Association.

2. The Association might consider joining the American Acad

emy of Otolaryngology-Head and Neck Surgery's research

coordinating effort at the national level to foster more laryn
geal research and to develop a lobbying effort in its behalf.

Respectfully submitted,
Roger Boles, MD

Chairman, Research Committee

ACCOUNTANT'S REPORT

REPORT OF THE TREASURER

To the Officers and Directors of the
American Laryngological Association

The accompanying balance sheets of the general fund and trust
funds of the American Laryngological Association as of March 31,
1985, and the related statements of income and retained earnings
have been compiled by us. A compilation is limited to presenting
in the form of financial statements information that is the

STATEMENT OF ASSETS, LIABILITIES, AND
FUND BALANCES - MARCH 31, 1985

ASSETS

General Fund:
Cash (deficit) ..

Trust Fund:
Current Assets:

US Treasury note due 8/31/86 ..

10 % US Treasury note due 6/30/85 ...

Certificates of deposit, various due dates
Common stock .

Cash due from General Fund .

. $ ( 587)

64,978
19,974
57,134
13.980

29,521
Total Assets . $185,000

LIABILITIES

None

FUND BALANCES

General Fund $ ( 587)
Trust" Fund. . . . . . . . . . . . . . . . . . . . . . . . . . .. 185,587
Total Fund Balances . $185,000

See accountant's letter and notes to financial statements.

representation of management.
We have examined and verified the underlying data. The

reports are on the cash basis method of accounting, and accord
ingly, an unqualified opinion cannot be expressed. The method of
accounting is consistent with that of prior years.

Emil N. Northup
Certified Public Accountant, PA

Waterville, Maine

May 14, 1985

STATEMENT OF RECEIPTS AND EXPENSES -

GENERAL FUND
FOR THE FISCAL YEAR ENDED MARCH 31,1985

Receipts:
Dues .

Annual meeting .

Council meeting .

Sale of Transactions .

Interest on NOW checking account .

Total .

$13,650
.6,036
2,040

275

1,700
$23,701

Disbursements:

Expenses of Annual Meeting:
Banquet .

Council travel and expenses .

General Expenses:
Printing, postage, and supplies .

Clerical .

Professional .

Bond .

Total .

Net Income (Loss) .

General Fund Balance

Beginning of year, April 1, 1984 .

End of year, March 31, 1985 .

10,846
4,509

4,007
1,500
1,530

40

22,432
1,269

(1,856)
$ ( 587)

See accountant's letter and notes to financial statements.



Reports
STATEMENT OF INDIVIDUAL TRUST FUNDS, MARCH 31,1985
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Fund
Balance
411184

Receipts
Fund

Balance
3131/85

Invest-

Total
ment

Donations Income
Disburse

ments Transfers
$ 50 $ 1,674Daniel C. Baker, Jr, Memorial Fund .

Casselberry Fund .

Johnston Fund .

DeRoaldes Fund .

Newcomb Trust Fund .

Newcomb Prize Fund .

Research Fund .

Memorial Fund .

Total .

$ 32,097
17,010
16,103
9,436
6,320
1,461

64,285
28,095

$174,807

See accountant's letter and notes to financial statements.

$ 2,505
1,329
1,248

732
488
122

5,005
2,974

$14,403

$ 2,455
1,329
1,248

732
488
122

5,005
2,184

$13,563

$ 32,928
18,339
17,351
10,168
6,808
1,583

69,525
28,885

$185,587
790

$840

1,949

$3,623

$ 2,184
(2,184)

$ -0-

GENERAL FUND - RESUME, MARCH 31, 1985

1976 1977 1978 1979* 1980 1981 1982 1983 1984 1985

EXPENSES
Annual
meeting $ 5,664 $ 3,615 $ 6,930 $ 18,391 $ 9,033 $ 8,051 $ 16,195 $ 7,327 9,730 $10,846

Council 1,906 2,042 3,348 4,097 3,972 4,163 3,176 4,645 10,236 4,509
Transactions 4,458 4,824 4,124 6,544 5,358 -0- 12,112 6,028 5,953 -0-
General 2,373 4,585 5,512 6,550 7,434 6,339 8,206 5,167 6,721 7,077

Totals 14,401 15,066 19,914 35,582 25,797 18,553 39,689 23,167 32,640 22,432
INCOME 16,752r 16,621 r 14,788r 21,426 27,257 23,271 28,603 26,185 30,665 23,701
GAIN (LOSS) $ 2,351 $ 1,555 $(5,126) $(14,156) $ 1,460 $ 4,718 $(11,086) $ 3,018 $(1,975) $ 1,269

'April 1, 1978, through March 15, 1979.

[Excluding centennial assessments.

See accountant's letter and notes to financial statements.

STATEMENT OF TRUST FUNDS
FOR THE YEAR ENDED MARCH 31, 1985

Receipts:
Interest income (Note 2):

US Treasury notes. . . . . . . . . . . . . . . $7,561
Certificates of deposit - banks. . . . 5,115

Dividends on common stock .....

$ 12,676
887

Donations:
Memorial Funds

William M. Trible .

G. Slaughter Fitz-Hugh .

Baker Fund .

13,563

550
240

14,403
Disbursements:

Baker Fund '"

Research Fund .

$1,674
1,949

Net Income .

Fund Balance, beginning of year .

End of year .

3,623
10,780

174,807
$185,587

See accountant's letter and notes to financial statements.

790

50

FUND BALANCES
March 31, 1985

General Trust
Fund Fund

March 31,1976* ............ $10,168 $114,564
1977* ................. 11,723 119,548
1978* ................. 6,597 125,095

March 15, 1979 .................. 1,816 130,768
1980 .................. 3,469 130,783
1981 .................. 8,187 140,591
1982 .................. (2,899) 150,096
1983 .................. 119 163,469
1984 .................. (1,856) 174,807
1985 . . . . . . . . . . . . . . . . . . ( 587) 185,587

'Excluding centennial assessments.

See accountant's letter and notes to financial statements.



lO Reports
TRUST FUND INVESTMENTS, MARCH 31,1985

STOCK PORTFOLIO
Common Stocks

American Telephone and Telegraph
International Business Machines ..

McDonnell-Douglas Corp.
McIntyre Mines Ltd *

.

Ameritech .

Bell Atlantic .

Bell South .

NYNEX .

PacTel Group .

Southwest Bell .

US West .

$10,790
1,321
1,194

675
-0-

227/8
1307/8

751/2
35
251/2
8W/8
383/4
841/2
70%
771/4
761/2

2P/8
1281/2

741/8
34
25
857/8
381/8
831/8
701/8
761/8
75%

Share Market
Value Value

5/10/85 Shares 5/10/85

221/4 200 $ 4,450
1301/8 40 5,205

75 165 12,375
341/4 15 517
251/2 20 510
861/4 20 1,725
38% 20 772
833/4 20 1,675
701/4 20 1,405
771/8 20 1,542
761/8 20 1,522

$31,698

May 10,1985
$13,980
31,698

$17,718
.1,120.94

. . . . . . . . . . .1,274.18

March 10, 1985
Cost High Low

$13,980

March 10, 1983

Common stocks (at cost) .

Market value .

$13,980
25,399

$11,419Market in excess of cost .

Dow Jones Industrials - March 10, 1983
May 10,1985

"Mclntyre Mines Ltd, last dividend paid 6/1178.

'Notes to Financial Statements

1. Accounting Policies
The organization uses the cash basis method of accounting and is a nonprofit entity exempt from Federal and State income taxes.

2. Allocation of Investment Income
Interest on US Treasury notes, Certificates of Deposit, as well as dividends on common stock are credited as income to the Trust Fund.

The Trust Fund is further allocated to each fund in the ratio the fund bears to the total value of the trust funds at the beginning of the year, except that

by action of the Council, January 3, 1976, current income from the Memorial Fund is transferred to the Principal and Retained Earnings of the Research
Fund.

Respectfully submitted,
Loring W. Pratt, MD
Treasurer



RECIPIENTS OF THE DE ROALDES AWARD

1928 Chevalier Jackson
1931 D. Bryson Delavan
1934 Harris P. Mosher
1937 Lee Wallace Dean
1943 Ralph A. Fenton
1949 George M. Coates
1951 Arthur W. Proetz
1954 Louis H. Clerf
1959 Albert C. Furstenberg

1960 Dean M. Lierle
1961 Frederick T. Hill
1966 Paul H. Holinger
1970 Francis E. Lejeune
1973 Lawrence R. Boies
1976 Anderson E. Hilding
1979 Joseph H. Ogura
1982 John J. Conley
1985 John A. Kirchner
1985 Charles M. Norris

RECIPIENTS OF THE CASSELBERRY AWARD

1923 George Fetterolf
and Herbert Fox

1928 Ralph A. Fenton
and O. Larsell

1929 Richard A. Kern
and Harry P. Schenck

1929 Edward H. Campbell

1931 Arthur W. Proetz
1934 Anderson C. Hilding
1936 Francis E. Lejeune

and Joel J. Pressman
1939 H. Marshall Taylor

and Brien T. King
1940 French K. Hansel

1941 Noah D. Fabricant
1946 Paul H. Holinger
1949 Henry B. Orton
1962 Hans von Leden
1966 John A. Kirchner

and Barry D. Wyke
1968 Joseph H. Ogura
1985 H. Bryan Neel III

RECIPIENTS OF THE NEWCOMB AWARD

1941 Burt R. Shurly
1942 Francis R. Packard
1943 George M. Coates
1944 Charles J. Imperatori
1947 Harris P. Mosher
1948 Gordon Berry
1949 Gordon B. New
1950 H. Marshall Taylor
1951 John D. Kernan
1952 William J. McNally
1953 Frederick T. Hill
1954 Henry B. Orton
1955 Thomas C. Galloway
1956 Dean M. Lierle

1957 Gordon F. Harkness
1958 Albert C. Furstenberg
1959 Harry P. Schenck
1960 Joel J. Pressman
1961 Chevalier L. Jackson
1962 Paul H. Holinger
1963 Francis E. Lejeune
1964 Fred W. Dixon
1965 Edwin N. Broyles
1966 Lyman G. Edwards
1967 Joseph H. Ogura
1968 Walter P. Work
1969 John A. Kirchner
1970 Louis H. Clerf

1971 Daniel C. Baker, Jr
1972 Alden H. Miller
1973 DeGraaf Woodman
1974 John J. Conley
1975 Francis W. Davison
1976 Joseph L. Goldman
1977 F. Johnson Putney
1978 John F. Daly
1979 Charles F. Ferguson
1980 Charles M. Norris
1981 Stanton A. Friedberg
1982 William M. Trible
1983 Harold G. Tabb
1984 Daniel Miller
1985 M. Stuart Strong

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 become a Benefactor.

MEMORIAL FUND DONORS

Daniel C. Baker, Jr

John F. Barnhill
August L. Beck
Gordon Berry
William E. Casselberry
Cornelius G. Coakley
Lee Wallace Dean
Arthur W. deRoaldes
Fred W. Dixon

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

Henry B. Orton
Lup Q. Pang
Lyman G. Richards
Burt R. Shurly
Lester T. Sunderland
H. Marshall Taylor
Walter H. Theobald
Francis L. Weille
Eiji Yanagisawa

BENEFACTORS

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

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

Cancer Fund, Inc

A. P. Marchessini
Francis H. McGovern
Charles M. Norris
Sam uel Salinger
Sam H. Sanders
Harry P. Schenck
William M. Trible
DeGraaf Woodman
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PRESIDENTIAL REMARKS

GABRIEL F. TUCKER, JR, MD

Welcome to the 106th Annual Meeting of the
American Laryngological Association. Twenty-four
years ago I was first privileged to address this Asso
ciation at the invitation of Dr Edwin Broyles, who
was then its President. I am grateful to Dr Broyles
not only for that invitation and for his encourage
ment of my research on whole organ serial section
studies of larynges, but for his warm counsel and
hospitality going back to my first years as a Hopkins
medical student. In the quarter century since the
Lake Placid meeting, otolaryngology has evolved to

include head and neck surgery; fiberillumination
(first suggested in this forum by Dr Broyles) has pro
gressed to fiberoptic endoscopy of all sorts. Papil
lomata are treated with a laser through an oper
ating microscope and also with interferon. I men

tion these things to point out that contemporary
laryngology is indeed a dynamic specialty. I hope
that the program selected will provide an overview
of modern laryngology, including not only current

approaches to technical problems but also voice

physiology. Reflecting on my own special interest,
pediatric laryngology will ocupy most of the second
session of the program.

Let me again take this opportunity to thank you
for the privilege of serving as your President.

12



INTRODUCTION OF GUEST OF HONOR
JOHN E. BORDLEY, MD

GABRIEL F. TUCKER, JR, MD

Our Guest of Honor has been an active fellow of
the American Laryngological Association for 30
years. He served as our first Vice-President in
1978-1979. John Earle Bordley was born in Balti
more shortly after the turn of the century. It should
also be noted that he has foregone his 60th Yale reu

nion to be with us today. Dr Bordley studied
medicine and trained in otolaryngology at Johns
Hopkins, where he succeeded his Professor, Dr
Samuel Crowe, in 1952; he became the Andelot
Professor Emeritus of Laryngology and Otology in
1969.

Our Guest of Honor's curriculum vitae is some 37

pages in length; included are the presidencies of the

Otological, the Triological, and the upcoming
World Congress. He has exerted a major influence
in the founding of the Society of University Otolar
yngologists and the American Council of Otolaryn
gology. His early service as Chairman of the Otolar
yngological Training Grant Committee of the Na
tional Institute of Neurological and Communicative
Disorders and Stroke was pivotal in turning a "dy
ing specialty" into the otolaryngology-head and
neck surgery that we know today. Internationally
Dr Bordley has represented the United States at the
International Federation of Otorhinolaryngological
Societies and has been instrumental in encouraging
the senior American societies to meet here in Miami

just before the International Congress. It is my
privilege and pleasure to welcome John Bordley as

our 1985 Guest of Honor.
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GUEST OF HONOR ADDRESS

JOHN E. BORDLEY, MD

I would like to express my deep appreciation for
the honor that our president, Dr Tucker, and the
American Laryngological Association have given
me today. It is a very happy occasion that permits
me to address you as your Guest of Honor. I owe

much to this society, both from an educational and
a social point of view. It was the first of the senior
societies to elect me to membership after I took my
board examinations, and I remember my excite
ment at the time I received news of my election.

At the time of my election, the ALA was under
the guidance of a remarkable group of pioneers in
the area of endoscopy. One of their finest attributes
was their friendship and their close cooperation in

working for the development of this special field.
To name all of them would demand much of my al
lotted time today, but I think it might be appro
priate to discuss some of the contributions made by
one of that group.

Edwin Nash Broyles, President of this association
in 1960, and a member of the Council a number of
times, was born in Atlanta, Georgia (Fig 1). He at

tended the University of Georgia, where he gradu
ated in 1915, and moved to Baltimore to earn his
MD from The Johns Hopkins Medical School in
1919. He went into residency training in otolaryn
gology at The Johns Hopkins Hospital which he

completed in 1922. The following year was spent in

Vienna working in Prof Franz Haslinger's clinic. He
also spent time with Prof Markus Hajack observing
laryngeal surgery. Upon his return to Baltimore, he
received a part-time appointment on the faculty of
the Division of Laryngology and Otology at The
Johns Hopkins Medical School, and began a private
practice in the city. He spent a great deal of time

during the next 2 years in Philadelphia, studying
under Drs Chevalier Jackson, Gabriel F. Tucker,
and Louis H. Clerf. In 1925, Dr J. S. Crowe ap
pointed him the director of the new bronchoesoph
agology clinic, with instructions that he should de
velop a teaching program in this field and introduce
the most modern techniques into its professional
services.

The next few years were devoted to the organiza
tion of the new clinic, to training the house staff in

the. techniques of laryngoscopy and bronchoscopy
(he was a splendid teacher), and to overcoming Dr
Crowe's dislike of bronchoesophagology and the
surgery associated with it. The year 1932 was to

prove very significant for Dr Broyles and for the
future of laryngology at The Johns Hopkins Hos

pital. At that time he persuaded Dr Crowe to join

Fig 1. Edwin Nash Broyles.

with him in performing total laryngectomies on

three patients suffering from advanced cancer.

These were the first such operations performed in
toto by the otolaryngologists of the hospital.
Previous laryngeal surgery had been performed by
the general surgeons, some of whom were attached
to the Division of Laryngology and Otology. All
three patients died before discharge from the

hospital from the same cause - a breakdownof the

pharyngeal closure with descending infection into
the mediastinum, complicated by a massive loss of
fluids through the fistula which were inadequately
replaced. This was probably the commonest cause

.
of death following such operations at this time. Of
course, antibiotics had not yet become available,
and intravenous therapy was in its infancy.

The result of this disaster acted as a sharp stimu
lus for the whole department. Dr Stacy Guild was

directed to apply the techniques learned in the tem

poral bone laboratory for the development of whole
organ sections of the larynx. Dr Broyles began a

study and analysis of all previous laryngeal surgery
performed in The Johns Hopkins Hospital, and be
gan work in the anatomy department to devise an

improved method for pharyngeal closure. His dis
sections led to the development of a perichondrial
flap raised from the posterior wall of the larynx to
close the operative defect, and from this idea, he
later developed his subperichondrial totallaryngec-

14
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tomy. In 1948, Walzl and Broyles reported on 27
consecutive total laryngectomies employing his
technique. All 27 patients were discharged from the

hospital with complete pharyngeal closures within
a period of 2 weeks. Of course, antibiotics were em

ployed at that time. 1

Of more importance, perhaps, than his survey of
the laryngeal surgery at the hospital or his use of the

perichondrial flap, was what he learned from his
studies of the serially sectioned whole larynx. He
demonstrated that the anterior commissure tendon
offered a pathway for the extension of cancer from
the anterior commissure through the anterior aspect
of the thyroid cartilage, and he warned that laryn
gofissure operations should always include this ten

don and a margin around it in the resection of cor

dal cancer.
2 He showed that lymphatics, elastic tis

sue, and squamous cell carcinoma cells grew along
the tendon and into its insertion in the thyroid car

tilage. This study was reported in 1942 before the
American Laryngological Association.

After the war, Dr Broyles continued his work on

the laryngeal sections, and in 1959 he published his

study on the laryngeal appendix. It was made on

100 serially sectioned larynges. He concluded this

paper by stating that his descriptions of the laryn
geal appendix had in some measure been antici

pated by Galen, who died in 210 AD, and Morgani,
who died in 1771.

From his earliest association with the clinic, Dr

Broyles had a very active interest in papilloma of
the larynx in children. His earliest idea was that this
was a disease of the underprivileged, perhaps secon

dary to squalor or poor diet. Later studies in several
clinics suggested that a child passing through puber
ty showed some regression of this disease. This led
Dr Broyles into two experimental studies involving
sex hormones. Collaborating with Dr Emmett Holt,
a distinguished . pediatrician, they administered
testosterone to an 8-year-old boy suffering a massive
invasion of papilloma. He was hospitalized in the

Fig 2. Tube for removal of open safety pins from
trachea and esophagus. (From Broyles EN.
Tube for removal of open safety pins from
trachea and esophagus. Southern Med J 1937;
30:973-4. Reprinted with permission.)

children's ward, and as the study progressed, it was

noticed that his voice deepened and that other man

ly characteristics became apparent, but no one was

much concerned until one night the little man at

tempted rape on the 7-year-old girl in the next crib.
The hormone was discontinued, but subsequent ex

amination showed little evidence of reduction of

Fig. 3. Top) Antifog device. Compressed air blown at right
angles across proximal end of bronchoscope deflects ex

pired air. Bottom) Sponge attached to proximal end of
bronchoscope equipped with antifog device so that secre

tions are blown into sponge. (Broyles EN. Optical and
visual aids to broncho-esophagology. Ann Otol Rhinol
Laryngol1949; 58:1165-70. Reprinted with permission.)
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Fig 4. Top) Proximal magnifier for attachment to ACMI
esophagoscope, bronchoscope, and laryngoscope. Bottom)
Proximal magnifier attached to ACMI bronchoscope. (Re
printed with permission. See Fig 3.)

papilloma and there was evidence of other constitu
tional changes. Sometime later, Drs Holt and
Broyles began a second study. This was based on

reports by Lewis, TeLinde, and Brawner, that local
applications of estrogenic hormone to the vaginal
mucosa of young girls had changed it from simple
stratified epithelium to a stratified squamous epi
thelium of adult type. Local applications of estro

genic hormone were begun on five children, and in
1941 the results were published.":" There were no

constitutional changes. It was felt that there was a

general decrease in the activity of the disease during
the 6 months that local applications were made.
However, it was also noted that there was some re

current growth in at least one case after the applica
tions were stopped.

Any account of Dr Broyles's contributions to

bronchoesophagology should include a note on the
instruments he designed. In 1937, at the Southern
Medical Association meeting, he presented a tube
for the removal of open safety pins. It was a modifi
cation of the Jackson trap-door scope (Fig 2). This
was followed by a defogging device (Fig 3). He was

always experimenting on designs to improve the
visualization and the magnification that could be
obtained through a tube in order to improve surgery
and endoscopic diagnosis. He designed a proximal
magnifier which could be employed during instru
mentation (Fig 4). He worked on modifications of
the electric nasopharyngoscope, which was an

adaptation of the Young urethroscope. He length-

Fig 5. Telescopes for angled and increased vision. (Re
printed with permission. See Fig 3.)

ened it and then experimented with prisms of dif
ferent angles (Fig 5). From these experiments, the
Broyles bronchoscope was designed and equipped
with distally lighted telescopes employing prisms,
giving a retrograde, a right-angle, a foroblique, and
straight-ahead vision with magnification. This
made possible visualization of bronchi through the
rigid scope, previously impossible to obtain. He
later improved the lighting in these scopes and
opened a whole new endoscopic future by introduc
ing fiberoptic cables as light carriers.

There are many other facets of Dr Broyles that I
could talk about, both professional and nonprofes
sional, such as his enthusiasm for sports, particular
ly golf; and his love of social gatherings, but
perhaps the most fitting final picture would be that
of Dr Broyles in full ballroom regalia, with Mrs
Broyles on his arm, coattails flying, doing sweeping
turns to the tunes of a Strauss waltz. He was a very
impressive man on the dance floor as well as in his
clinic. Thank you.
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SCIENTIFIC SESSIONS*

* The papers on pages 18-144 were published in the Annals of Otology, Rhinology & Laryngology, November-December 1985; the remaining papers on

pages 145-161 are published here for the first time. The discussions that followed the papers begin on page 162.
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CONGENITAL GLOTTIC WEBS IN CHILDREN

A RETROSPECTIVE REVIEW OF 51 PATIENTS

SEYMOUR R. COHEN, MD

Los ANGELES, CALIFORNIA

This study is a retrospective review of congenital glottic webs in children. Its purpose is to clarify the controversial aspects of this lesion
and to offer a more definitive approach to its treatment. The study includes discussions of embryology and anatomy, a thorough literature
review, and a detailed statistical analysis of patient data. Fifty-one pediatric cases are reported, with symptoms and endoscopic findings
described in detail. Treatment with dilatations, incisions (knife, scissors, laser), stenting, and external laryngeal surgery with keel insertion
are evaluated, and results of therapy, both before and after the development of laser surgery, are reported. Of the 51 patients, 22 required
tracheotomy and all who completed therapy were ultimately decannulated. Vocal dysfunction was the most difficult symptom to treat,
and perfection of the voice was attained only infrequently. However, the ultimate results of therapy, as noted in this series of patients,
should counter the pessimistic viewpoints expressed in the literature.

KEY WORDS - congenital glottic webs.

INTRODUCTION

Congenital glottic webs are uncommon, diaphragm
like laryngeal abnormalities. This study was under
taken to clarify the controversial aspects of this le
sion and to outline a more definitive approach to its
treatment. It consists of retrospective review of con

genital glottic webs of varying severity in 51 chil
dren seen over a period of 32 years. The study is dis
tinctive in that it presents the most extensive person
al experience with a large number of patients with

congenital anterior glottic webs (Table 1), which is
the most common type of this laryngeal defect.

CLASSIFICATION

Congenital glottic webs may be classified into four

types based on clinical and anatomic considerations.

Type 1 is an anterior web involving 35 % or less of
the glottis. It is usually of uniform thickness, with
little or no subglottic extension or stenosis; the most

anterior portion of the web may extend into the

subglottic space. The true vocal cords are always
visible within the web, there is rarely any obstruc
tion of the airway, and the voice is usually only
slightly abnormal, with some hoarseness.

Type 2 is an anterior web involving 35 % to 50 %
of the glottis; it may be thin or moderately thick.
Although isolated subglottic stenosis may be pres
ent, the narrowing in this space most often results
from the thickness of the anterior portion of the web
rather than from a distinctly narrowed subglottic
area caused by cricoid abnormalities. The true

vocal cords are usually visible within the web, and
there is little or no airway obstruction except with
stress or when laryngeal infection or trauma from

intubation occurs. The voice is husky and some

times weak.

Type 3 is an anterior web involving 50 % to 75 %
of the glottis; it is almost always thick anteriorly
and thinner in its posterior portion. The true vocal
cords are frequently visible within the web but may
not be as clearly demarcated as in types 1 and 2.
The most anterior portion of the web is solid and ex

tends into the subglottic space, much like a tent or

pyramid with its base at the anterior commissure

extending to the lower border of the cricoid. Marked
vocal dysfunction is present, with the voice being
very weak and whispery. Airway obstruction is

moderately severe, and an artificial airway is fre
quently necessary. Endolaryngeal surgery may
cause or precipitate further airway obstruction.

Type 4 is the most severe of all glottic webs, in

volving 75 % to 90 % or more of the glottis; it is

always uniformly thick, anteriorly and posteriorly.
The subglottic area is narrowed by the thickness of
the web extending into the subglottic space. The
true vocal cords are not identifiable. The voice is

aphonic and severe airway obstruction demands
tracheotomy soon after birth.

In all types of webs, there may be an additional
subglottic stenotic lesion due to maldevelopment of
the cricoid and independent of the web itself. The
concurrence of a severe subglottic stenosis will in
crease the difficulties with therapy.

EMBRYOLOGY

Congenital glottic webs arise from a disturbance
in the development of the larynx. Through a knowl
edge of the normal embryogenesis of this organ, one

From the Department of Surgery, Division of Otolaryngology, Childrens Hospital of Los Angeles, and the University of Southern California School of
Medicine, Los Angeles. Publication of this supplement was made possible by a grant from the Seymour R. and Odelia A. Cohen Medical Foundation.

Presented at the meeting of the American Laryngological Association, Miami Beach, Florida, May 25-26, 1985.

Additional copies of this publication are available from Seymour R. Cohen, MD, 1300 N Vermont Ave, Los Angeles, CA 90027, or may be purchased
from Annals Publishing Company, 4507 Laclede Ave, St Louis, MO 63108.
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can deduce the approximate stage when those errors

occur that lead to the formation of a glottic web (al
though the ultimate cause remains unknown). Wal
ander, whose extensive work is most commendable,
suggests that the development of the human larynx
correlates well with the embryological events in the
rat.l Tucker et al agree," and suggest that Frazer's

embryological concept" is questionable. For the

purpose of this paper, the embryology of the larynx
as suggested by Walander is followed closely.

From Walander's investigations, which describe

laryngeal development through the embryonic stages
up to the creation of the glottic lumen, it appears
that the most important stages relating to the for
mation of these webs occur before the development
of any cartilaginous structures. (In some cases, webs

greatly resemble atresia of the larynx, since the glot
tic aperture may be infinitesimally small.) During
the process of reversal/ from the 16th to the 30th

day of embryogenesis, the entoderm closes, creating
the foregut and the hindgut. Around the 18th day of

embryonic life a groove appears in the floor of the

pharynx of the respiratory primordium. This pri
mordium, the epithelial lamina, is a ventral-medi

ally placed fold in the foregut, the shape of which is
influenced by the sixth arterial arch blood vessels.
The larynx is symmetrical and paired in its origin;
its cavity develops from an independent region sep
arated from the trachea. The epithelial activity
molds the cavity in much the same pattern as in the

development of the bronchial tree. The vestibule of
the larynx is a consequence of epithelial prolifera
tion, which is strongest in the area between the
fourth and sixth visceral arches in the caudal end of
the epithelial lamina.

By the sixth week, the original slitlike opening in
to the laryngotracheal groove is bordered on each
side by an arytenoid swelling and anteriorly by the

epiglottic eminence. The arytenoid swellings grow
toward the tongue and about the epiglottis so that
the laryngeal orifice and the glottis become T-shaped.
The epithelium in the upper part of the larynx grows
and fuses to occlude the lumen.

During the eighth week of embryonic life, the
vocal folds appear at the same level as the original
slitlike opening of the larynx and serve as mucosal

lining when they develop. A pair of folds, the false

cords, also appears above the vocal folds, which
mark the upper border of the ventricles.

Throughout embryonic life there is a patent com

munication, the pharyngotracheal duct, between
the pharynx and the trachea. The subglottic space
develops as a ventral dilatation of the caudal part of
this duct.

The region from which the glottis is derived can

be recognized early, and develops by two processes,
one cranial and the other caudal. First, the vesti

bule, the sinus of Morgagni, and the fovea centralis
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continue to widen, until the cranially placed lumen
reaches an imaginary line drawn along the upper
margin of the arytenoid cartilages and vocal cords.
Second, when viewed from below, the cricoid duct
widens, as does the subglottic space in communica
tion with the cranially placed lumen. This process
ceases when the lower part of the region of the vocal
cords has been reached.

A third process, which leads to a definitive open
ing of the glottis, then begins. Vacuoles appear in
the epithelial lamina, and the epithelium changes.
The dissolution of the tissue of the epithelial lamina
occurs in the form of an autolytic process, which is

initially most active in the dorsal part of the lamina
and starts in the ventral direction from the pharyn
gotracheal duct.

The laryngeal cavity can be divided (by virtue of
its historical development) into two parts: a supra
glottic part derived from the vestibular outgrowth,
and an infraglottic part derived from the pharyngo
tracheal duct. The supraglottic portion of the lar

ynx is phylogenetically a new acquisition and is re

lated to voice function."

While most authors cited here believe that the

glottic web forms because the tissue of the epithelial
lamina fails to dissolve, an analysis of the events de
scribed above suggests that it may also occur from
defective ventral dilatation of the caudal part of the

pharyngotracheal duct and/or a defective widening
of the cricoid duct. The most active part of the auto

lytic process occurs in the dorsal part of the lamina
proceeding ventrally, which explains, at least in

part, the usual finding of a posterior opening in the
larynx in webs of congenital origin, without which
an atresia would have resulted. Any cessation of this
autolytic process will result in a congenital web,
with the lumen always placed posteriorly.

LITERATURE REVIEW

Opinions vary regarding the frequency of con

genital webs of the larynx. While some consider
them the most common laryngeal abnormality, others
feel they are rare. This anomaly was first observed
by Fleischmann" in an infant, at autopsy, in 1882.
In 1889 Seiffert" reported a family in which the
father, a son, and two daughters had congenital webs
of the larynx. Von Schroetter/ In 1892 attempted to

correct an anterior web of the larynx using hard
rubber tubes. Iglauer" in 1935 compared the laryn
geal web to syndactyly and treated the web by using
a ring from a watch chain to keep the apex of the
web patent.

In 1957 Alonzo and Hegules" suggested correcting
a web by inserting a triangular piece of polyethy
lene, held in place by external sutures, into the ex

treme anterior commissure. Lynch and Lejeune'? in
1960 suggested making a small hole in the anterior

part of the web and inserting a polyethylene tube
fixed by external sutures.
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TABLE 1. PATIENT SUMMARY

Dil Stent Cut Laser Keels
Pt. Adm
No. Age Sex

% Glottic
Involvement

Original
Voice

Original
Airway
Obstr

Period
Follow-Up

Forms oj Therapy

+ +

+

+ T

6 wk

2 3 d
3 10 d

4 3 yr 9 rno

5 9 yr
6 10 yr
7 4'/2 yr
8 2'/2 rno

9 5 rno

10 4 yr
11 5 yr
12 1 yr
13 13 rno

14 1 yr
15 2'/2 yr
16 17 d

17 3 rno

18 20 rno

19 1 rno

20 3 yr
21 2 yr

2� 11 rno

23 2 yr
24 1 yr
25 3 yr 2 rno

26 21 rno

27 3 rno

28 2 yr
29 10 yr
30 14 rno

31 3'/2 yr
32 2 rno

33 4 rno

34 3 rno

35 6 wk

36 7 wk

37 4 rno

38 4'/2 yr
39 3 rno

40 7 rno

41 2 yr
42 13 rno

43 1 rno

44 2'/2 yr
45 4'/2 yr
46 6 rno

47 2'/2 yr
48 2 yr 9 rno

49 5 rno

50 3 yr 9 rno

51 8 rno

Race

M

M

F

M

F

F

F

M

M

M

M

M

F
F

F

F

90
90

75
?

50
35

50
25
15

25
65

25

25
65

50

25

A
A

S
Wh

W,S
W

W,S
Hu

Hu

Hu

W,S
?

Hp
W,S

A

W

S

S
Mod S

Mod S
Mod S
Mod S

S
Mod S

Sl
Sl

Mod S
M

M

Mod S
Mod S
None

S

Sl
S
M

S

Mod S
None

None

None

Mod S

Mod S
S

None

S
S

Mod S
S

S
S

S

S

Mod S

None

S

S
S

None

S
S
M

M

S
None

S

2 rno

10 yr
11 yr
8 yr
5 yr
4 yr

1 yr 4 rno

2 rno

2 rno

1'/2 yr
3'/2 yr

No follow-up
1 yr

20 yr
2 yr

No follow-up,
no treatment

10 yr
5 yr
None

No follow-up
12 yr

No follow-up
6 rno

1'/2 yr
7 yr

None

1'/2 yr
1 yr

6 rno

4 yr
16 rno

21/2 yr
3'/2 yr

11 yr 9 rno

7 yr
27 yr
14 yr
3 yr
4 yr

1'/2 yr
18 yr
4 yr

No follow-up
13 yr
6 rno

3 rno

No follow-up
3 yr
2 yr

1'/2 yr
None

+

+

Died at homeB

B

W

W
W

W

W
A

W

W
W

W
W

W

W
W

F

F

F
F

F

M

F

M

M

M

M

M
M

F

F

M
M

F

M
F

M

M

M
F

M

M

M

M
F

M
F

F

M

M

M

90
35

25
25

60
25

25
50

10

20

35
65
20

35
50

65
75

75
70
75

60

50
25

30

75

75
25

A
W

A

Hu

W
H

H
Wh

Hp
H

SH
SH

Hp
H

A

A

SH

A

?
SH
A

Wh

Hu
W

A

A
Hu

Wh

2*

+

+ T

+

No follow-up --------

+

+ + T

W
W

W
W

W

W

W

W

W

W

B

B

W
W

W

W

B

W

W

W

W
W

A

W
W

B
W

W

B

W

W
W

W
W

W

?
25

20
50

30
50
50

Hti

W

W
Wh

A

+

+ T2
+

+ T+ +

+

+

+

+

Removed vocal nodules
+ +

+

+ Died, eNS degeneration
+ +

+

+

+

+

+

+

+ T2

+

+

+

+

+

T+

+

+

T2+

+

+

+

+ + T

+ No follow-up -----

+ + T2

+ + +

+

+ +

No follow-up

T+

+

+ +

+ +

Died-------------

Race: B - black, W - white, A - Asian. Original voice: A - aphonic, H - hoarse, Hp - highpitched, Hu - husky, SH - severe hoarseness, S

squeaky, W - weak, Wh - whisper. Original obstruction: M - mild, Mod S - moderately severe, S - severe, Sl- slight. Keel: T - tantalum, T2-
tantalum 2x revision. .

'Patient 2 had both tantalum and Silastic keels.

Tucker!' in 1932 reported on the infant larynx
and described two types of webs: one across the an

terior commissure and the other surrounding the

glottic margin with a central lumen. He advocated
endolaryngeal removal of the web and a tracheoto
my to control dyspnea, should that develop. He
stressed the need for direct laryngoscopic examina-

tion in arriving at a specific diagnosis.
In 1942 McHugh and Loch ;" in an extensive re

view of the literature, summarized 133 cases of
laryngeal webs and added another case. These
authors stated that Elsberg (in 1870) was the first
physician in this country to have reported a patient
with a congenital web, and conclude that the re-
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TABLE 1. PATIENT SUMMARY (CONTINUED)
21

Results oj TherapyPt. _

No. Airway Voice Tracheotomy
Tracheotomy

Duration
Age

Decannulated

Number oj
Operative

Procedures

4

5

1 Died at home --------------

2 E, N H

E,N H,P
E,N W

E DV

E H

3

6

+

+

+

Died at home --------------

5 yr 5 yr
1 rna 3 yr

2

85

2

5

6
7 P No follow-up ---------------------------------- 2

8 Unchanged, no Rx ------------ 0
9 No follow-up ------------------------------------�------------

10 E N 1
11 E N + 4 rna 51/2 yr 9
12 No follow-up -------------------------------------------------
13 E I 4
14 E H, P + 81/2 yr 9 yr 9
15 E DV 7
16 No follow-up, ------------------------------------------------

no treatment

17 E H + 7 yr 71/2 yr 48
18 E N

19 P No treatment + Transferred -------------------

20 No follow-up -------------------------------------------------
21 E N + 7 yr 14 yr 10
22 No follow-up -------------------------------------------------
23 NIl

26 Died, CNS degeneration ---------------------------------------
E,N ?

E,N N

E, N I, Speech therapy
E, N I, Speech therapy
E,N I

E, N I, H
E E

E H

37
38
39

40 No follow-up -------------------------------------------- 22
41 N I, H + 32 rna 3 yr 48
42 I, P W + Under treatment 28
43 No follow-up -------------------------------------------------

I H, P + 131/2 yr 15 yr 109 + HI

I, N ? + 4 yr 5 yr 6 +

46 No follow-up -------------------------------------------------
47 No follow-up -------------------------------------------------

I Hu 7
I 6

24

25

27

28

29
30

31
32

33
34

35

36

44

45

48
49

50
51 Died

N

N

N

H, P

+ 2 yr 4 yr

3

2

5

3
3

10
35

30
44

61
40

1) 54
2) 25

110

14
o

Results oj therapy: DV - double voice, E - excellent, H - hoarse, Hu - husky, I - improved, N - normal, P - poor, W - weak. Number oj opera
tive procedures: HI -,- hyoid interposition.

E

H, P

P P

+

+

6 rna

1 yr
3 yr

3 yr 1 rna

2 yr
3 yr

1) 5 yr
2) 1 yr

Open stoma, 15 yr
6 rna

15 yr
7 yrE Hu

IE

Unchanged Under treatment

sults of treatment have been unsatisfactory and dis
appointing. Hudsori':' in 1951 reported a 61/z-month
old infant with inspiratory and expiratory stridor
since birth, who had failed to thrive. In spite of a

tracheotomy, the child died and autopsy showed an

unusual web at the level of the false cords extending
to the posterior portion of the larynx.

20 rna

17 rna

+ Not yet
3 yr 7 rna

2 yr 3 rna

3 yr 9 rna

17 yr

+

+

+

+

+

+

Holinger et aP4 in 1954 reported 19 patients with
webs, the majority of which were in the anterior
two thirds of the glottis; 16 were glottic and three
were supraglottic. The prescribed treatment was

dilatations, incision, and cutting with a forceps.
Three patients were tracheotomized and one died.
In 1961 Wright" discussed laryngeal problems in
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children and indicated that webs of the larynx cause

hoarseness, stridor, and airway obstruction. He stated
that small webs may produce few symptoms and

may not be found until later in adult life. Holinger"
in 1961 reviewed 25 patients with webs of the lar

ynx; 19 had glottic webs, one had an atresia, and
four had supraglottic webs. Two of these patients
had weblike subglottic obstructions, and both had
anomalies of the cricoid with only a small posterior
opening. (It is not clear whether this group of 25 pa
tients included the 19 patients these authors re

ported in 1954.)
In 1965 Cavanaugh 17 reviewed 204 laryngoscopies

under general anesthesia and found ten patients
with congenital webs, six of whom had other forms
of maldevelopment. Of the ten webs, four were

small, occupying only one third of the larynx, and
did not require treatment. Two of the webs filled
the anterior larynx beyond the midpoint, and one of
these patients died after a tracheotomy. Another

patient had a laryngofissure with insertion of a

Jackson coremold. However, the cut was irregular
and the postoperative voice was deep. One child in
this series who had a tantalum keel procedure and
died following surgery was found at autopsy to have
a cartilaginous cricoid ring.

Holinger and Brown 18 in 1967 classified anomalies
of the larynx which they had observed over 30 years
and listed 24 patients (11 male and 13 female) who
had webs of varying descriptions. In four infants
the web was transparent and thin and closed the an

terior half of the larynx. All these children were

aphonic. Treatment by the authors was to split the
webs with an alligator forceps. The long-term re

sults, however, were not given. Holinger et aP9 in
1970 advised treating thin glottic webs with several

rapid dilatations, and thicker webs by incision fol
lowed by an insertion of polyethylene tubing to be
left in place until epithelialization of the vocal cord

edges occurred. Occasionally a thyrotomy with place
ment of a tantalum keel, left in place for 6 weeks,
was necessary. A tracheotomy was required for all
of these surgical procedures.

Shearer et apo reported three patients with con-:

genital webs who had associated congenital heart
disease. Two of these patients also had mental re

tardation. Williams" in 1973 treated an adult suc

cessfully, using a seton placed through the web and
then fixed externally. Hannallah and Rosales" re

ported a two-day-old infant with a laryngeal web
and an associated type 1 tracheoesophageal fistula.
The infant could not be intubated and required a

tracheotomy. The child died following repair of the

tracheoesophageal fistula, and at autopsy a web
was found at the cricoid level. Hardingham and

Walsh-Waring" in 1975 proposed an open proce
dure to correct a congenital web which was first
divided under surgical microscopy with subsequent
insertion of a Silastic keel. The keel was fixed exter-

nally with a nylon loop. They concluded that simple
division, repeated dilatations, and other suggested
techniques were all unsatisfactory and recommended
long-term tracheotomy for the severe laryngeal web
that produced airway obstruction. Scott-Brown:"
felt that the lesion was uncommon and that webs of
the larynx received much more attention than they
warranted. He felt that no treatment was indicated
unless airway obstruction was associated with the
web, in which case a tracheotomy was necessary.

L. Holinger et aps in 1975 reported a patient with
simultaneous glottic and supraglottic webs previ
ously treated by P. Holinger, at age 15 months, by
incision and dilatation. Progressive airway obstruc
tion in this patient necessitated external laryngeal
surgery with the placement of two keels. In 1976

Montgomery and Srnith'" reported two cases of con

genital laryngeal defects of the anterior portion of
the larynx and described surgical corrections. Gilbert
and Opitz" in 1976 reported that the pathogenesis of

laryngeal webs was unknown and suggested prompt
surgical intervention. Fearon and Ellis" in 1971 re

viewed 433 patients with congenital lesions of the
larynx and concluded that congenital glottic webs
were rare, or at least rarely diagnosed. Nine of the
patients had laryngeal webs, six of which were sub
glottic and three glottic.

In 1979 Ded029 reported on the endoscopic inser
tion of a Teflon keel for cure of anterior glottic webs.
In five of the six patients, the web was eliminated.
In one patient, a child with papillomata of the lar

ynx, complete closure of the laryngeal orifice fol
lowed this procedure; this patient still has a com

plete stenosis of the larynx 5 years later. Dedo felt
that the McNaught keel required prolonged surgery
and also exposed laryngeal cartilages to contamina
tion by salivary secretions, a problem not substanti
ated by other authors. Van Den Broek and Brink
marr" in 1979 reviewed the embryology and con

cluded that laryngeal webs were caused by failure
of the epithelial lamina to open in the posterior
anterior direction. They stressed that conservative
treatment is essential and stated that treatment of

any type had a poor success rate in the young child
with a congenital web of the larynx. In 1982, Levi
ton et al ;" reported an 18-year-old woman who was

diagnosed as having a congenital web. This patient
was unusual in that she also had scleroderma with

multiple anomalies - epicanthal folds, high-arched
palate, hypoplastic pinnae, and clinodactyly of the
third and fourth toes.

Benjamin" in 1983 presented a series of 29 pa
tients with congenital laryngeal webs - five inter

arytenoid, 19 glottic, and five subglottic. Associated
congenital anomalies were found in 17 of these pa
tients. Treatments were simple incision, dilatation,
laser treatment alone or supplemented by incision,
or laser treatment and dilatation. The author ex

pressed doubt about the likelihood of a successful
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rehabilitation of the voice in cases of thick webs, al web be discovered in this series of patients. In
and highlighted the difficulties in obtaining satis- only one child with a laryngeal web and associated
factory results from treatment. neurofibroma of the trachea was there a history of

I b stridor in the mother, the cause of which was neverJackson and Jacksorr" defined a congenita we

as a membranous occlusion of the lumen and stated determined.
that the condition is not rare. They related having RACE AND SEX
seen 84 cases of webs which they believed to have Of 51 patients, 22 were female and 29 were male;existed at birth. They felt that the etiology of this 42 were white, seven were black, and two were
condition is unknown and considered it as possibly Asian. Of the 42 white patients, 21 were female and
atavistic. They stated that "after infancy one can 21 were male. Of the seven black patients, six were
never be certain whether a laryngeal web is congen- male and one was female. Both of the Asian patientsital or acquired.":" Benjamin:" expresses doubt that

were male.
this large a number of webs were actually congenital.

PATIENT CHARACTERISTICS

All of the available charts were reviewed for pa
tients with this diagnosis who were seen between 1952
and 1984. The total number of children discharged
from the Childrens Hospital of Los Angeles during
this time was 335,318; the number discharged from

otolaryngological and endoscopic care was 61,787,
or 18.4 % of the total admissions (excluding January
and February 1960, for which statistics were un

available). The 51 patients in this study account for
0.015 % of the total admissions and 0.008 % of the
ear, nose, and throat admissions to the hospital. All

patients in whom there was a suspicion of trauma,
infection, foreign body intrusion, or granulomatous
disease as possible cause of a glottic web were ex

cluded from the review. In the charts of patients ad
mitted with this anomaly, no instance of a congeni
tal interarytenoid or congenital supraglottic web
was found. While subglottic stenosis may appear as

a web, the so-called subglottic web was specifically
excluded from this review, since it is considered by
the author to be in the general category of congeni
tal subglottic laryngeal stenosis, rather than a sepa
rate entity, and is most likely of different origin.
PREGNANCY AND BIRTH HISTORY

The details of the mothers' pregnancies were avail
able in 32 of the 51 patients. The pregnancy was

normal in 24, but abnormal in five. One pregnancy
was complicated by polyhydramnios, one mother
had mumps in the first 4 months, one mother had

swelling of the ankles, one pregnancy was termi
nated prematurely when the mother attempted to

abort herself, and one mother had vaginal bleeding
early in pregnancy and lost one of the children (a
twin) .

Details of the deliveries were available for 31 of
the children. Four were delivered by cesarean sec

tion, and 27 by vaginal route with two aided by for

ceps. In summary, all of the children for whom the

history was available were full-term except one (the
case in which the mother attempted to abort her
self). One of the children was a twin; the sibling
had no laryngeal or other defects.

FAMILY HISTORY

In no instance could a family history of a larynge-

AGE

Onset. The age at onset of symptoms was imme

diately after birth in 40 patients, the first 3 months
of life in five, by the eighth month of life in five,
and at 3 years of age in one because the patient had
not developed speech. This child, who had a small
glottic web, was found to have a neurological prob
lem with anarthria, and did not require any laryn
geal therapy.

Admission. The age at admission to the hospital
for diagnosis and therapy was not coincident with
the age at onset of the symptoms. The youngest
child was admitted at three days of age, and the
oldest child at 10 years of age. Nineteen patients
were admitted within the first 6 months of life, 15
were admitted between the ages of 6 months and 2

years, and the remaining 17 patients were admitted
between the ages of 2 and 10 years. The reasons for
admission were 1) to establish a diagnosis, 2) to
treat severe airway obstruction, or 3) to treat the
glottic laryngeal web which had not responded to

therapy given elsewhere.

SYMPTOMS

The presenting symptoms of glottic webs were

1) voice change, 2) airway obstruction with stridor,
3) recurrent croup, 4) recurrent tracheobronchitis,
and 5) recurrent pneumonia. In some of the chil
dren, symptoms were originally very mild, but be
came seriously aggravated by infection or manipu
lation during the examination of the larynx. In
some the symptoms were aggravated with growth
and development of the child, the increasing need
for a larger airway, or intubation for elective
surgery.

Vocal Dysfunction. The most consistent evidence
of a laryngeal glottic web was vocal dysfunction,
and in some instances it was the only symptom.
Vocal dysfunction was documented in 47 of the 51

patients, and was noted at birth. Only four charts
had no remarks about the voice. The voice abnor
mality varied in severity from aphonia to huskiness
or softness. The voice was described as absent,
squeaky, kittenish, inaudible, bad, weak, hoarse,
husky, high-pitched, aphonic, poor, voiceless, whis
pery, funny, and soft-pitched. For statistical pur
poses, the degree of voice change will be considered
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Fig 1. (Patient 5) Type 3 web. A) Vocal cords visible, large granuloma following intubation. B) Granuloma removed. C) End result
after laser surgery.

as either 1) aphonic, 2) weak or whispery, 3) husky,
or 4) hoarse. In most instances, the vocal dysfunc
tion was not necessarily related to the degree of

webbing of the vocal cords.

In 11 aphonic patients, the web involvement

ranged from 50 % to 90 % of the glottis. In these pa
tients, the web was described as thick or solid, and
true vocal cords were not visible.

In the 16 patients with weak or whispery voices,
the involvement of the glottis by the web ranged from
25 % to 75 % . The webs were very thick in seven pa
tients and thin in four patients, but with vocal cords
visible in nine patients. Three of these patients had
had some form of treatment (intubation, manipula
tion, or laser surgery) prior to being admitted to the

hospital. The anatomy noted on the original exami
nation therefore might have been modified by pre
vious therapy. In most of these patients the webs
were thicker anteriorly than posteriorly.

In the seven patients with husky voices, the glot
tic involvement ranged from 15 % to 25 %. The
webs in this group were relatively thin, with the

TABLE 2. ASSOCIATED ANOMALIES

Male Female

Preauricular sinus

Subglottic hemangioma
Facial nevus flammeus
Cleft palate
Laryngomalacia
Cerebral atrophy
Mental retardation
Generalized CNS disease
Seizure disorders

Hydrocephalus
Hemangioma of skull
Anomalous subclavian artery
VSD
Double aortic arch

.

Pulmonary artery stenosis

Hypothyroidism
Absent testicle

Hypospadias
Left club foot
Meckel's diverticulum
Pilonidal cyst

Tetralogy of Fallot
Bladder neck obstruction

Patent ductus

Hypoplastic mandible
Tracheal neurofibroma

Vocal nodules
VSD

Facial nevus flamrneus

Lipomeningomyelocele

vocal cords visible in 11 patients. One patient had

already been treated elsewhere so that the original
lesion was not definable.

In the four patients with hoarseness, the webs
were thin and in all patients the involvement was

35 % or less. In all of these patients the vocal cords
could be seen through the web.

Stridor. The second most common symptom was

airway obstruction associated with stridor. Retrac
tions, air hunger, and occasionally cyanosis 'Yere di
rectly proportional to the degree of glottic webbing.
In three patients, obstruction was so severe that stri
dor was not heard and an emergency tracheotomy
or intubation was mandatory. In 16 patients stridor
was very severe and occurred during both inspiration
and expiration even at rest. In 22 patients the stridor
occurred only with infections of the upper respira
tory tract or stress such as crying, feeding, or exer

cise. One patient with stridor was misdiagnosed on

direct laryngoscopy as having laryngomalacia, and
soon after this examination he developed increasing
respiratory difficulty and required a tracheotomy.
In cases in which the glottis was almost completely
occluded, stridor was not heard, and these patients
required an immediate artificial airway ..

Croup. Croup was reported in 15 of the 50 pa
tients. In most instances, this symptom occurred at

such an early age that an anomaly of the larynx
should have been suspected, since infectious croup
is rarely seen in children under 6 months of age. In

Fig 2. (Patient 1) Type 4 web. Initial examination after in
tubation.



Fig 3. (Patient 24) Type 2 web. A) Pre

operative, B) postincision.

Fig 4. (Patient 15) Type 2 web. A) Initial
examination. This web has appearance of
a type 3 web due to anterior tilting of lar
ynx during photography. B) After laser
surgery (x5).

Fig 5. (Patient 11) Type 3 web. A) After
insertion of endolaryngeal keel, with

granuloma visible, B) after multiple laser
treatments, C) with keel in place (note
granulations), D) after keel removed.
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six of these patients, frequent episodes of croup oc

curred prior to the diagnosis of a laryngeal web. In
seven patients, croup was severe enough to require
a tracheotomy. In one (patient 5), who had been

diagnosed as having a congenital laryngeal glottic
web at 6 months of age and who developed croup at

8 years of age, airway obstruction required intuba
tion which resulted in the formation of a very large
granuloma (Fig lA). The removal of the granuloma
cleared her airway, and her web subsequently was

treated with the laser (Fig IB,C). This patient did
not require a tracheotomy.

Pneumonia and Tracheobronchitis. Pneumonia
occurred in nine patients, and in one it was associ
ated with severe sepsis. In three patients pneumonia
was recurrent prior to the diagnosis of a laryngeal
web. In six patients, tracheobronchitis occurred
due to infection, and was diagnosed either on a clin
ical basis or by bronchoscopy done at the time that a
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tracheotomy was performed to relieve the airway the subglottic narrowing was caused by the thick-
obstruction. ness of the web.

ASSOCIATED ANOMALIES

Other abnormalities were noted in 26 (51 %) of
the 51 patients, nine female and 17 male (Table 2).
Only ten of the 26 patients had abnormal otolaryn
gological findings; the remainder had abnormalities
in other organ systems, and some had more than
one anomaly.

ANATOMY

In all 51 patients, the basic anatomy and neuro

logical status of the larynx was normal except for
the defects of the glottis, the true vocal cords, and
the subglottic lumen. The glottic opening varied in

configuration and size from a pinpoint opening (Fig
2) to an adequate airway. Some were the classic

shape (Figs 3A, 4A, and 11), a crescentic opening
with the concavity directed anteriorly; some were

oval or triangular (Fig 5A); and some were ellip
tical. Even though the true vocal cords could not

completely abduct because of tethering by the web,
cricoarytenoid joint activity remained intact and
normal. The defect seen in the anterior commissure
extended back to varying lengths of the true vocal

cords, and when severe, extended to and even be

yond the vocal processes. The webs varied from be

ing gossamer-thin to a thick white-pink sheet of
scar. In some, the true vocal cords could be de
lineated within the web (Fig IB). In the most severe

cases (those with a tiny opening) the vocal cords
could not be identified and the posterior aspect of
the web was almost as thick as its anterior portion
(Fig 2). However, in those patients in whom the
true vocal cords could be identified within the web,
a portion of the posterior part of the web was thin
and the most anterior part of the web was thick,
with the thickest point at the anterior commissure.

It was this part of the web that was frequently
unyielding to simpler forms of treatment such as

dilatations and incisions.

In those patients with very thick webs and no dis
cernible true vocal cords, the anterior portion of the
web extended deeply into the subglottic area and
was frequently associated with subglottic narrow

ing related to the thickness of the web. In some pa
tients, the subglottic stenosis occurred distinctly
separate from the web. In these patients, the web
was more anteriorly placed with the visible subglot
tic stenosis causing increased airway obstruction. In
this series of patients it appeared that the subglottic
stenosis in many webbed larynges was actually an

extension of the web itself. In two patients, the sub
glottic area was narrowed by cartilaginous stenosis
of the cricoid, and in one patient there was an asso

ciated subglottic hemangioma (Fig 6). In some chil
dren with small anterior glottic webs, the subglottic
space was so severely narrowed that it was more de
fiant to therapy than the web itself. In most patients

Histologically, the web may have mesodermal
elements and skeletal muscle, with the undersurface
covered with respiratory epithelium and the laryn
geal surface covered with squamous epithelium.

GLOTTIC INVOLVEMENT

The percentage of the glottic obstruction by the
web usually determined the severity of symptoms.
However, the ultimate outcome therapeutically is
also determined by the extent of involvement of the

subglottic larynx. The extent of laryngeal webbing
in the 51 patients was 90 % in three patients, 70 %
to 75 % in seven, 60 % to 65 % in six, 50 % in nine,
30 % to 35 % in six, 25 % or less in 17, and unknown
in three patients who were first treated elsewhere.

MANAGEMENT

Type 1 glottic webs rarely require therapy during
infancy or early childhood. Patients are usually
asymptomatic except for hoarseness, and tolerate

laryngeal infection and trauma from intubation for

emergency surgery, if the intubation is judiciously
performed. These lesions may be found in hoarse
but otherwise normal adults. Therapy mayor may
not result in a normal voice, and whether speech
therapy would be helpful is unknown (Fig 7).

Type 2 glottic webs require some form of therapy.
Because airway obstruction may increase with in
fection or after intubation for emergency surgery,
therapy should not be performed in early infancy or

in the very young child. In older children, this type
of web may be treated with gentle dilatations after
incision with a knife, microsurgical scissors, or

laser. The anesthetic should be carefully chosen.
The incision should be made along the margin of
one of the true vocal cords, which are always visi
ble. Small cuts starting posteriorly are ideal, and

multiple procedures will be necessary. Improve
ment is possible except within the area of the ex

treme anterior commissure. Steroids and antibiotics

help reduce or even eliminate postsurgical laryngeal
reactions (Figs 3 and 4). Voice improvement may be
adequate, but vocal rehabilitation by a speech ther

apist may be necessary.

Type 3 webs frequently require tracheotomy to

relieve airway obstruction, which may occur conse

quent to infection, to increased airway needs associ
ated with normal growth, or to trauma after intu

bation for an emergency surgical procedure. How

ever, some patients with this type of web may be
treated without tracheotomy. Dilatations without
first cutting the web by any surgical method will

usually produce severe airway obstruction. Inci
sions with knife, microsurgical scissors, or laser, fol
lowed by gentle dilatations, may give excellent re

sults. Multiple small cuts should be made at month
ly intervals until the desired result is obtained.



Cohen, Congenital Glottic Webs

TABLE 3. THERAPEUTIC PROCEDURES

27

Diagnosis only 9

Bronchoscopic dilatations 29
Incisions and dilatations 17

Intralaryngeal keel 2
Dilatations and stenting 8

Laryngofissure
Silastic 2
Tantalum 12

Laser surgery 8

Hyoid interposition
Vocal nodule removal 1

However, because the most anterior portion of the
web is extremely thick, it will be unyielding to en

dolaryngeal surgery. Endolaryngeal keel proce
dures produce severe reaction, making tracheotomy
necessary in those patients in whom, originally, air

way obstruction was minimal. The McNaught keel
inserted by external laryngofissure surgery will usu

ally give the best results in those webs which are

intractable to endolaryngeal surgery. No procedure
will yield a perfect anterior commissure in any form
of web (Figs 5D and 8C).

Type 4 webs are the severest form of congenital
glottic defect, and always require treatment. Tra

cheotomy is mandatory very early in the newborn

period because the airway is inadequate to support
life. After tracheotomy, a conservative approach is
essential to preserve the larynx from excessive trau

ma by injudicious dilatations or stenting. The main
tenance of an airway by gentle dilatations for the
first year of life, followed by laser surgery and dila
tations, will help create a sufficient airway. Thus,
the voice will gradually improve and the glottic lu
men will increase. Since these children are original
ly totally tracheotomy-dependent, they must have
an apnea monitor to alert those in attendance. All
children with type 4 webs will require prolonged
therapy and keel surgery by the external route. The
best time for external surgery is between 4 and 5

years of age. Growth and development are aids to

the physician who cares for the child in preparing
the larynx for external surgery (Figs 2, 9, and 10).
The glottic lumen must be sufficiently large so that
the keel will not produce a posterior glottic stenosis.
Tantalum keels have afforded the best results.

THERAPY

Prior to treatment, diagnostic endoscopic exami
nation is essential. A general anesthetic is prefera
ble, using light anesthesia to evaluate the neurologi
cal status of the larynx. Re-evaluation of the larynx
is necessary with the patient anectinized so that the
true vocal cords can be passively separated with for

ceps or blunt instrument because anteriorly placed
nodules or polypoid changes can simulate a web.
The web is best analyzed with a Hopkins rod tele
scope using fiberoptic illumination.

The treatment employed in this series of patients
included 1) dilatations with bougies andlor bron

choscope, 2) cutting with knife or scissors, 3) laser

incision, 4) stenting of the larynx after dilatation,
and 5) keel surgery. In many instances more than
one form of therapy was used (Table 3) .

Ten patients had no treatment. One patient (pa
tient 49) who had an associated subglottic hemangi
oma in addition to a moderate webbing of the glot
tis (Fig 6) was treated with antibiotics and steroids
only.

Twenty-nine patients were treated with dilata
tions, and eight of these also had stents inserted. In
all stented patients, granulations formed with in
creased closure of the lumen after the stent was re

moved. However, a number of patients with re

peated stenting did well in spite of this reaction.
These patients, however, required prolonged treat

ment, probably aggravated by this form of therapy,
which produced iatrogenic stenosis. Stenting ulti
mately resulted in enlargement of the lumen of the
larynx in some patients, thus permitting keel sur

gery. Laryngeal trauma from excessive dilatations
and stenting may have produced more fibrosis and
increased subglottic narrowing, thus prolonging
treatment (Fig 9).

Eight patients had laser surgery, which afforded
greater accuracy in cutting thick webs, and was of
immeasurable benefit in cutting the web accurately
in the midline prior to external surgery and inser
tion of a tantalum keel. In some patients the laser
produced less reaction within the larynx, thus re

ducing the need for an artificial airway.
The McNaught keel was the ultimate method in

treating difficult webs or those resistant to other
forms of treatment. Twelve patients had laryngofis
sure and insertion of tantalum or Silastic keels. The
ages at which keel surgery was performed ranged
from 3 years and 4 months to 17 years. One patient
had a keel operation at 3 years and 4 months of age,
three patients at 4 years, one patient at 5 years, two

patients at 6 years, one patient at 7 years, one pa
tient at 14 years, and one at 17 years. Keel surgery
was performed in two patients without a tracheoto
my, and both developed subcutaneous emphysema
and airway problems postoperatively for several

days. Two patients had a tracheotomy performed at

the time of the laryngofissure, and all of the others

already had a tracheotomy. Five of the patients re

quired revision surgery to reposition the keels.

The resultant airway was excellent in all instances

except two; one patient has residual exercise limita
tion, and the other has a poor airway with persis
tent tracheostome. In both patients subglottic ste
nosis from the original disease or from excessive

stenting, rather than the web, caused the airway
problem. Of the 12 patients who had keel surgery,
the voice is excellent in two, greatly improved in

seven, and poor in two. One patient who had recent

surgery cannot yet be fully evaluated. The best re

sults in this series were in the last two patients (pa-
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or dilated. External keel surgery for the correction
of the web should be postponed until the laryngeal
glottis is of sufficient size to avoid posterior glottic
injury by the keel.

INTUBATION AND TRACHEOTOMY

An artificial airway was necessary for two pur
poses: 1) to relieve severe airway obstruction, and

2) to insure an airway during and after surgical
therapy of the web. It is most important to recog
nize that in children with congenital webs who do
not have airway obstruction, minor manipulation
of the larynx may precipitate a severe enough reac

tion to require the need for an immediate artificial

airway. In this group of 51 patients, emergency in
tubation was necessary in only six. In three, crash
intubation was necessary to relieve severe airway
obstruction immediately at the time of birth. In

one, intubation was required when sudden respira
tory arrest developed while the patient was having
a diagnostic chest radiograph. In one patient a tra

cheotomy was necessary for tracheobronchial toilet
and to support the airway after cardiac surgery.
This child was subsequently decannulated shortly
after her recovery. One patient (patient 5) required
intubation because of obstruction which occurred
in association with infectious croup. This patient
developed a large granuloma in the larynx (Fig IA).
The granuloma was removed (Fig IB) and her lar

ynx was treated with laser surgery (Fig 1 C).
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Fig 6. (Patient 49) Type 3 web, showing subglottic stenosis

caused by hemangioma.

tients 11 and 38), whose keel surgeries were pre
ceded by incision of the web with laser surgery.

The keel was left in place for periods ranging
from 21/2 to 4 months, with an average of 3 months.
Tantalum keels produced less reaction and better
results than Silastic keels. Two patients who had in

tralaryngeal Silastic keels performed elsewhere did

poorly and experienced severe intralaryngeal reac

-tions. The intralaryngeal introduction of keels has
been abandoned and all keel surgery is now per
formed by laryngofissure surgery. Following keel

surgery, repeated endoscopic examination of the

larynx is mandatory repeatedly in order to gently
remove granulations or exudate by forceps or laser

surgery (Figs 5C and lOB).
The treatment of glottic webs is prolonged because

of a tendency of the web to re-form after being cut

Early in this series the Benjamin jet anesthesia
tube was used for laser surgery. When complications
of subcutaneous emphysema and bilateral pneumo-

Fig 7. Type 1 web. A) (Patient 10) One
incision required. B) (Patient 39) No
treatment.

Fig 8. (Patient 38) Type 3 web. A) Initial examination after two laser surgeries elsewhere. B) Keel in place; note slight web

posteriorly. C) Keel removed.
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Fig 9. (Patient 17) Type 4 web. A) Initial
examination after intubation, B) after
laser cutting, dilatations, and keel

surgery.

Fig 10. (Patient 2) Type 4 web. A) Small opening, 90 % occluded glottis; aphonic. B) Silastic keel with granulations. C) Keel re

moved; right vocal cord irregular.

thorax occurred in one patient, this technique was

replaced by laser surgery with the apneic technique.
In most instances, intubation for anesthesia or to

support the airway increased airway obstruction
unless the tube was extremely small, nonirritating,
and expertly placed, preferably by the endoscopist.

Tracheotomy was required in patients with severe

webbing of the larynx to correct airway obstruc
tion, as well as to support the airway following
superimposed infection, injudicious manipulation,
or attempts at simple therapy such as dilatation. It
was also required in some patients in order to ac

complish definitive therapy such as keel surgery.
The requirement for a tracheotomy was correlated
with the degree of laryngeal involvement by the
web and associated subglottic stenosis (Table 1).

Twenty-two of the 51 patients required tracheot

omy. Twenty tracheotomies were performed to re

lieve severe airway obstruction and two to support
the airway after McNaught keel surgery. Eighteen
of the tracheotomized children were eventually de
cannulated in periods ranging from 1 month to 15

years (Table 1). Two tracheotomized children are

still under treatment and will require keel surgery
later. The shortest period (1 month) for which a tra

cheotomy was required was in the postoperative
cardiac patient (patient 3) who was intubated for
her surgery. The longest period for which a trache
otomy was required was 15 years, and this patient
(patient 37) still has an open tracheal stoma and the
poorest result in the group. Another child (patient
44), who had a small glottic web but a severe sub-

glottic stenosis, required a tracheotomy for 131/2
years, and was decannulated after hyoid interposi
tion surgery. The durations for which tracheoto
mies were required by the patients in this review are

given in Table 1.

RESULTS OF TREATMENT

The two major problems of congenital webs of
the larynx are airway obstruction and vocal dys
function. Success or failure can be determined by
the degree of relief of these two symptoms. A suc

cessful outcome of treatment is measured by relief
of obstruction with decannulation and a resultant
normal exercise tolerance. Success with voice reha
bilitation is determined by the degree of change
from onset to completion of therapy. The acme of

perfection of therapy is the patient with a perfect
airway and an almost normal voice.

Fig 11. (Patient 41) Type 3 web, classic form.
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nosis. The larynx had a web with severe subglottic
cartilaginous stenosis.Of the 40 patients who were treated and followed,

all but two were decannulated, even though a tra

cheotomy was required soon after birth. Patient 36,
although decannulated, still has stridor with exer

cise limitations, and patient 37 has a poor airway
with the tracheostome still patent. In three patients
the outcome is unknown.

VOCAL DYSFUNCTION

The voice was difficult to evaluate from the chart
review. In all 40 patients who were treated, the
voice improved. An aphonic patient or one with an

extremely poor voice frequently had residual abnor
malities and required vocal rehabilitation. In ten

patients the resultant voice was improved. Of the 12
children who were treated with keel surgery, one

had an excellent (normal) voice, while 11 had some

persistent hoarseness. The voice was most improved
after therapy in patients with thin webs or in those
in whom the true vocal cords were originally visible

(types 2 and 3). The poorest voices were in patients
with webs that were thick and sheetlike and with
out visible true vocal cords (type 4). However, these

patients originally were aphonic. A double voice,
excellent at times but reverting to its original forced
or husky sound at other times, was seen in two pa
tients (patients 5 and 15) (Figs 1 and 4).
COMPLICATIONS

There were no serious complications as a result of
the treatment of these webs. The most common

complications were persistent posttracheotomy tra

cheocutaneous fistulae, croupous syndrome after

endolaryngeal surgery of the web, and an occasion
al malposition of the keel. One patient developed a

pneumomediastinum and pneumothorax after jet
anesthesia.

FOLLOW-UP

The length of follow-up in the 40 patients who re

quired some form of therapy varied from 2 months
to 27 years (Table 1). One patient recently seen has
been followed for 6 months. A detailed and thor
ough evaluation of the results of the different forms
of therapy was possible during the follow-up of
these children. One patient moved out of the area'
and was lost to follow-up, and another completed
her therapy at another center.

MORTALITY

Three patients expired. One, who was totally tra

cheotomy-dependent (patient 1), died of unknown
cause, but the death was probably related to ob
struction of the tracheotomy tube (Fig 2). In an

other child (patient 26) who had severe CNS disease
and mental retardation, the cause of death was also
undetermined. The third child (patient 51) had
multiple congenital anomalies, and the autopsy re

vealed hydrocephalus, cerebral atrophy, and a cor

rected double aortic arch with severe tracheal ste-

SUMMARY AND CONCLUSIONS

Congenital glottic webs of the larynx are uncom

mon. This congenital defect occurred in approxi
mately one in 1,200 children admitted to the Chil
drens Hospital of Los Angeles for otolaryngological
and endoscopic care.

The specific cause of the congenital glottic web is
unknown. It may result from failure of autolysis of
the epithelial lamina of the laryngeal primordium,
or from defective ventral dilatation of the caudal
portion of the laryngotracheal duct and failure of

widening of the cricoid plate. The literature is re

plete with suggestions for treatment of this defect.
However, although the problems of therapy have
not been underestimated, the results have been ex

cessively depreciated. This may be due to limited

experience with the lesion or the expectation of

perfect results.

Glottic webs are more common in white children
with approximately equal numbers of males and fe
males affected. There were no familial tendencies
toward glottic webs in this group of 51 patients.

The pregnancy and birth histories obtained in 32

patients indicated no apparent cause for birth
defects. Chromosomal studies were not documented
on any of the charts.

The diagnosis can be confirmed only by direct
laryngoscopy, which should be performed under
general anesthesia. While the web may be thin and
the airway adequate, manipulation may precipitate
severe airway obstruction.

The severity of the symptoms of the glottic webs
in these children was related to both the degree of
involvement of the larynx and the type of web. The
most consistent symptom was vocal dysfunction,
and the most threatening symptom was airway ob
struction. While the obstructive phenomena were

more dramatic, the child with severe vocal dysfunc
tion (aphonia) was most endangered because he or

she was unable to alert the parents when distress oc

curred. Therefore, even though the patient is tra

cheotomized, an apnea monitor is essential in pa
tients with type 4 webs. In later life, severe vocal
dysfunction created frustration and emotional pres
sures in a few of the children for whom vocal reha
bilitation was an essential part of the treatment.

Forty percent of the patients required tracheoto
my for the relief of airway obstruction. In addition,
two patients were tracheotomized for keel surgery
and follow-up care. All patients were eventually
decannulated.

The goal of treatment of severe webs of the larynx
was primarily to relieve airway obstruction, and
secondarily to improve the voice. The direct ap
proach to treatment of the web was by either endo-
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laryngeal or external surgical techniques. The endo- but none were associated with surgical therapy or

laryngeal methods were dilatations; incisions with anesthesia. Two deaths were from eNS disease, and
knife, scissors, or laser; and insertion of stents. The one was of unknown cause (the autopsy report was

McNaught keel was required in a number of these unavailable).
patients.

Endolaryngeal surgery may fail, but does serve to

enlarge the glottis in preparation for keel surgery.
Since not all patients had severe subglottic stenosis

(only two had cartilaginous stenosis), it is suggested
that gentle, timely dilatations; avoidance of remov

al of tissue by excision or biting forceps; and inci
sions with scissors or laser are appropriate in order
to prevent iatrogenic stenosis. The tendency for the
web to re-form made repeated procedures necessary
and prolonged the therapy.

The best results were obtained with gentle endo

laryngeal therapy in type 2 and type 3 glottic webs

(Fig 11), and with keel surgery, using tantalum, in
some of the type 3 and most of the type 4 groups.

Many children required speech therapy (vocal re

habilitation) to rid them of "bad" vocal habits. Two
children used two types of voices: the new voice asso

ciated with the improved larynx, and the abnormal
voice when they reverted to old vocal habits.

Three deaths occurred among the patients studied,

The prognosis for congenital glottic webs is excel
lent when other organ system abnormalities are not

life-threatening. All tracheotomized children were

decannulated. The voices were normal in some pa
tients after therapy. Only two of the most severe

type 4 glottic web patients have persistent severe

vocal dysfunction and limited exercise tolerance, al
though they were decannulated.

Over the 32-year period of this study, there has
been a marked reduction in the morbidity associ
ated with congenital laryngeal glottic webs. This
has resulted from improved technology, advances in

anesthesiology, and increased experience in dealing
with this anomaly. Elimination of iatrogenic trau
ma associated with excessive dilatation and stenting
of the larynx and the introduction of the laser have
significantly reduced the duration and number of
treatments necessary. The clinical typing of congen
ital webs, described here with suggested therapy,
should offer the physician an early prognosis and
improve the results obtained with the treatment of
this laryngeal abnormality.
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PROGNOSTIC DETERMINANTS AND A NEW VIEW OF STAGING
FOR PATIENTS WITH NASOPHARYNGEAL CARCINOMA
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There is no agreement on the single best staging system for patients with nasopharyngeal carcinoma. We have evaluated prospectively
several staging systems and have assessed the predictive value of many variables on survival and found that the most important are exten
sive tumor within the nasopharynx or regional extension, nodes in the lower portion of the neck, and cranial nerve involvement. Other
variables that have not been used in traditional extent of disease staging systems but that have an adversebearing on survival have been
studied by multiple regression techniques in the Cox proportional hazards model. Two prognostic scores, which can be used for classifying
patients into survival groups, ranging from excellent survival (low score) to poor survival (high score), have also been presented. With these
schemes, patients who are at high risk for recurrence after conventional therapy can be reliably selected.

KEY WORDS - Cox regression method, nasopharyngeal carcinoma, prognosis, staging, survival analysis.

It may not be obvious why major effort should be
devoted to the study of patients with nasopharyn
geal carcinoma (NPC) , but consider that it is the
most common tumor in certain parts of the world,
some morphologic variants are unique to the naso

pharynx, and the Epstein-Barr virus (EBV) and un

defined environmental factors are associated with
the tumor. 1-6

As the specificity and sensitivity of the anti-EBV
tests are improved, the potential for diagnosis, screen

ing in high incidence areas, predicting prognosis,
and immunotherapy growS.3-S,7-11 Already it ap
pears that viral capsid antigen (IgA) functions as a

blocking antibody and that IgG (to membrane anti

gen) is cytotoxic in the antibody-dependent cellular

cytotoxicity (ADCC) test, leading to speculation that
removal of specific IgA by plasmapheresis and/or
the administration of specific IgG would be benefi
cial to patients who are at high risk for recurrence

after conventional therapy. 8, 12 Development of
monoclonal antibodies also holds promise for
imm unotherapy.

Before a therapy project under strict protocol
control can be undertaken, we must first delineate

quite specifically high-risk patients: those who will
die of their disease after conventional therapy. This
is one of the reasons for formalizing a national col
laborative study, as a step to lay the foundation for

therapeutic trials and assessment of new therapeu
tic approaches.

A prospective, collaborative study of North Ameri
can patients was established in 1978.10,11 Already the
value of the World Health Organization histopath-

ologic classification has been well accepted interna

tionally, the diagnostic value of serologic testing has
been established, and now various staging systems
are under evaluation with the hope that an accepta
ble system can be developed and used throughout
the world. All of these developments led to our ad

dressing staging issues and the derivation of a prog
nostic scoring system.

MATERIALS AND METHODS

This study, conducted at the Mayo Clinic, Rochester, Minnesota,
and at participating centers, was initiated in 1978. This is the first
detailed report of prognostic determinants and survival. More
than 200 patients have been enrolled, but this analysis is based on

182 patients for whom complete data and follow-up information
have been collected. For 132 of these patients, ADCC assays were

done at the time of diagnosis and sequentially.
Symptoms, epidemiologic data, and findings on physical exam

ination and radiography were recorded when a patient was en

rolled. The stage of the tumor was determined on the basis of the
clinical data and was classified according to several systems, three
of which we discuss. They are 1) American Joint Committee for
Cancer Staging and End-Results Reporting (AJC) , 132) the Inter
national Union Against Cancer system (UICC stage}," and 3) a

system formulated by Ho, one of the leading researchers in this
field (Ho stage) 15 (Table 1).

Blood was collected at the time of diagnosis and at approxi
mately 3-month intervals. All serum samples were processed at

the Mayo Clinic, and the samples were frozen and stored. Sera

shipped to the Mayo Clinic were coded and stored at -70°C until
used in the immunologic assays.

Biopsy tissue was removed to establish the diagnosis of NPC,
and was evaluated by a panel of pathologists and classified ac

cording to the standards of the WHO into the broad categories of

squamous cell carcinoma (WHO type 1), nonkeratinizing carci
noma (WHO type 2), and undifferentiated carcinoma (WHO
type 3). The criteria for these categories have been reviewed in

detail. 10,16-18
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TABLE 1. COMPARISON OF NPC STAGING SYSTEMS

Staging
System T StageN M

A}C* TIS = carcinoma in situ

Tl = tumor confined to one site of nasopharynx
or no tumor visible (positive biopsy only)

T2 = tumor involving two sites (both posterosu
perior and lateral walls)

T3 = extension of tumor into nasal cavity or oro

pharynx
T4 = tumor invasion of skull or cranial nerve in

volvement, or both

Hot Tl = Tl tumor confined to nasopharynx (space
behind choanal orifices and nasal septum
and above posterior margin of soft palate
in resting position)

2 = T2 tumor extended to nasal fossa, orophar
ynx, or adjacent muscles or nerves below
base of skull !

3 = T3 tumor extended beyond T2 limits and
subclassified as follows:

4 =
. T3a bone involvement below base of skull

(floor of sphenoid sinus is included in this

category)
5 =

. T3b involvement of base of skull
6 =

. T3c involvement of cranial nerve(s)
7 =

. T3d involvement of orbits, laryngophar
ynx (hypopharynx), or infratemporal fossa

NX = nodes cannot be assessed
NO = no clinically positive node
N 1 = single clinically positive homolateral node less than 3 em in

diameter
.

N2 = single clinically positive homolateral node 3 to 6 ern in
diameter or multiple clinically positive homolateral nodes,
none over 6.em in diameter
N2a = single clinically positive homolateral node 3 to

6 cm in diameter
N2b = multiple clinically positive homolateral nodes,

none over 6 em in diameter
N3 = massive homolateral node(s), bilateral nodes, or con

tralateral node(s)
N3a = clinically positive homolateral node(s), none over

6 cm in diameter
N3b = bilateral clinically positive nodes (each side of neck

should be staged separately; ie, N3b: right = N2a,
left = Nl)

N3c = contralateral clinically positive node(s) only
........................................................................................

0= NO none palpable (nodes thought to be benign excluded)
1 = Nl node(s) wholly in upper cervical level bounded below

by skin crease extending laterally and backward from or

just below thyroid notch (laryngeal eminence)
2 = N2 node(s) palpable between crease and supraclavicular

fossa, upper limit being line joining upper margin of ster
nal end of clavicle and apex of angle formed by lateral sur

face of neck and superior margin of trapezius
3 = N3 node(s) palpable in supraclavicular fossa and/or skin in

volvement in form of carcinoma en cuirasse or satellite
nodules above clavicles

MX = not assessed
MO = no (known) dis

tant metastasis

Ml = distant metasta
sis present. Spe
cify sites: pulmo
nary, osseous,
hepatic, brain,
lymph nodes,
bone marrow,
pleura, skin, eye,
other

1= Tl NO MO
II = T2 NO MO

III = T3 NO MO
Tl or T2 or T3, Nl, MO

IV = T4,'NO or Nl, MO
Any T, N2 or N3, MO
Any T, any N, Ml

-0 = MO no evidence
of distant metas
tasis

1 = M distant metas
tasis present

I = A tumor confined to naso

pharyngeal mucosa (Tl, NO,
MO)

II = B tumor extended to nasal
fossa, oropharynx, or adjacent
muscles or nerves below base
of skull (T2) and/or Nl in
volvement

III = tumor extended beyond T2
limits or bone involvement
(T3) and/or N2 involvement

IV = C N3 involvement, irrespec
tive of primary tumor

V = D hematogenous metastasis
and/or involvement of skin or

node(s) below clavicles

UICC§ 0 =

1=
no evidence of primary tumor

tumor confined to one site (including tu
mor identified from positive biopsy)
tumor involving two sites
tumor with extension to nasal cavity and/or
oropharynx
tumor with extension to base of skull
and/or involving cranial nerves

preinvasive carcinoma (carcinoma in situ)
minimum requirements to assess primary
tumor cannot be met

'Data from American Joint Committee for Cancer Staging and End-Results Reporting. 13

tData from Ho.I5

§Data from Harmer. I'

2=
3=

4=

5=
8=

0= no evidence of regional lymph node involvement
evidence of involvement of movable homolateral regional
lymph nodes
evidence of involvement of movable contralateral or bilat
eral regional lymph nodes
evidence of involvement of fixed regional lymph nodes
minimum requirements to assess regional lymph nodes
cannot be met

.J

0= no evidence of
distant metasta
ses

evidence of dis
tant metastases

minimum re

quirements to as

sess presence of
distant metasta
ses cannot be met

1= Tl NO MO
11= T2 NO MO

III = T3 NO MO
Tl or T2 or T3, Nl, MO

IV = T4, NO or Nl, MO
Any T, N2 or N3, MO
Any T, any N, Ml

1=

2=

3=
8=

1=

8=
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TABLE 2. COLLABORATING INSTITUTIONS AND
NUMBERS OF PATIENTS INCLUDED IN STUDY

Institution
No. oj

Patients

Mayo Clinic, Rochester, Minn
M. D. Anderson Hospital, Houston

CDC, Anchorage, Alaska
Massachusetts Eye and Ear Hospital, Boston
Duke University, Durham, NC

University of California, Irvine, Calif

Total

77'
48
21
21

12

3

182
* Of 77, 28 were referral cases, including 15 from Armed Forces Institute
of Pathology. Referral patients were observed outside Mayo Clinic but
data were collected using study data system.

The 182 patients were reported by seven collaborating institu
tions (Table 2). The record system that was used by all of the col
laborators was developed after several meetings and detailed dis
cussions. Through this process, pertinent clinical data items were

form ulated. The titers of ADCC antibody response at the time of
diagnosis were added to the general clinical data. The type and
technique of radiation therapy have a bearing on outcome." All
of the patients in the North American study received treatment at

major medical centers using modern equipment and techniques.
Long-term follow-up of the patients provided end point data con

sisting of recurrence or progression and death.

The Kaplan-Meier" method of survival analysis and the Cox

proportional hazard model" were used extensively by means of
the SAS-supplemental procedure SURVTEST and PH GLM. 22

After examination of several survival curves, we concluded that a

suitable index of survival was the death rate during the first 5

years after treatment. To compute this for a group of patients, the
number of deaths during the 5-year period in that group was

divided by the total time lived by the group during the period,
that is, by the person-years lived. This is the conventional mea

sure of the risk of death. It is particularly appropriate in the pres
ent study because the survival curves, plotted on a logarithmic
scale, were nearly straight lines during a 5-year period. This indi
cates a nearly constant risk of death, a fact we ascertained from a

study of survival tables.

35

Significance testing was done either by log-rank tests or by like
lihood-ratio tests, the latter based on the reasonable assumption of
exponential survival curves for the first 5 years.

RESULTS

The symptoms, number of patients, deaths, and
death rates by types, number, and duration of symp
toms are shown in Table 3. The most important
symptoms as they relate to survival were the general
and throat symptoms. Symptoms specifically associ
ated with the nose, ear, or neck were not as strongly
related to survival. The duration of symptoms be
fore examination was highly variable; 46 'patients
were examined when symptoms had been present less
than 2 months, and 24 patients were examined more

than a year after the onset of symptoms. The pa
tients who had symptoms for a year or more before
treatment and patients who had more than seven

symptoms had significantly greater death rates.

The site and extent of the tumor and nodes as

they relate to death and death rates are shown in
Table 4. Characteristics of significant importance
to survival were extensive local disease in which the
tumor fills the nasopharyngeal cavity, extensive
regional disease into and beyond the nasal cavity
and oropharynx, involvement of cranial nerves,
positive nodes in the lower portion of the neck, and
nodes more than 6 ern in diameter. A definition of
levels of nodes is described in the Ho system for stag
ing (Table 1), and survival is shown in Fig lAo
Characteristics of no significant importance to sur

vival were the presence of nodes high in the neck,
fixed nodes, and involvement of bone, either the
face of the sphenoid or the base of the skull.

TABLE 3. SYMPTOMS AT PRESENTATION OF PATIENTS WITH NPC RELATIVE TO DEATH AND DEATH RATES

No. oj Deaths Death Rate Dejinition
No. oj Patients due to per 100 as Used in

Symptoms Symptoms (1822 NPC (772 Person- Years R egressio n A naly_sis
Nasal symptoms (bleeding, obstruction, pain, None 83 35 12.4

loss of sense of smell, and so forth) 1 63 25 15.8
�2 36 17 16.4

(p=0.5)
Ear symptoms (plugged, hearing loss, pain, None 76 28 11.7

tinnitus, and so forth) 1 48 20 14.0
�2 58 29 18.0

(p=0.3)
Throat symptoms (voice, choking, swallowing, None 139 57 12.4

pain, sensation of lump, etc) 1 32 12 19.6
�2 11 8 34.2

(p= 0.03)
Neck symptoms (mass, pain) None 56 19 10.5

1 115 53 15.8
�2 11 5 17.2

(p=0.3)
General symptoms (numbness, pain in face None 117 44 11.4

and head, weight loss, diplopia) 1 39 22 21.9
�2 26 11 19.1

(p= 0.04)
Duration of symptoms prior to arrival 0-1 mo 46 12 7.2 DUR= 1 if �2 rno;

2-11 mo 109 49 16.2 o otherwise
�12 mo 24 14 23.1

Unknown 3 2 (p= 0.03)
Symptoms on arrival 1-4 135 53- 12.1 SYM = 1 if � 7 symp-

5-6 30 12 14.5 toms; 0 otherwise
�7 16 12 54.2

(p <0.0001)
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TABLE 4. TUMOR SITE AND NODAL EXTENT IN PATIENTS WITH NPC RELATIVE TO DEATHS AND DEATH RATES
DURING FIRST 5 YEARS AFTER TREATMENT

No. oj Deaths Due
Characteristic Patients to NPC*

Local extent
One wall 43 10
Two walls or two sites within

nasopharynx 103 43
Extensive local disease 32 18

Unknown 4 2

Regional extent

None 145 55
Nasal cavity, oropharynx 29 13
Extensive regional disease 8 5

Nerve involvement
None 150 57
Involved 32 16

Bone involvement
None 138 53
Bone, face of sphenoid 28 14
Base of skull 16 6

Upper nodes
None 73 29
Involved 109 44

Lower nodes
None 145 49
Involved 37 24

Supraclavicular nodes
None 177 69
Involved 5 4

Fixed nodes
No 151 58
Yes 31 15

Diameter of largest node
0.1-2.9 em 22 9
3.0-5.9 ern 60 20
�6.0 em 26 14
Unknown 74 30

'Deaths due to NPC total 73 since only first 5 years are included here.

tSignificantly higher than others' pooled data (p = 0.04).

Death Rate
per 100

Person- Years Definition as Used in Regression Analysis

8.2 EXT = 1 if extensive local disease; 0 otherwise

16.0
26.5

(p= 0.008)
16.6

13.7
23.9
33.6

(p= 0.06)

REG = 1 if extensive regional disease; 0 otherwise

13.9
26.2

(p= 0.03)

NVS = 1 if nerves involved; 0 otherwise

14.3
23.0
15.3

(p=0.3)

BNl = 1 if lower bone involved; 0 otherwise
BN2 = 1 if skull involved; 0 otherwise

16.0
15.2

(p=0.6)

UN = 1 if upper nodes involved; 0 otherwise

12.3
33.0

(p = 0.0002)

LNSC = 1 if either lower or supraclavicular
nodes involved; 0 otherwise

15.0
31.5

(p=0.3)

14.7
19.6

(p=0.3)

NODESFX = 1 if nodes fixed; 0 otherwise

14.2
12.7
26.0t
15.3

(p = 0.04)

DIAMI = 1 if � 6 cm; Ooth;wise
DIAM2 = 1 if 3.0-5.9 cm; 0 otherwise

There was a strong relationship between poor
survival and WHO 1 tumors and poor survival and
low ADCC titers (Table 5). Low ADCC titers ( < 1:

7,680) at the time of diagnosis were associated with

higher death rates for patients with WHO 2 and 3
tumors (Table 5 and Fig IB). Survival rate of pa
tients 40 years old or older was significantly lower
than that of patients under 40 years of age.

Analysis oj Variables to Formulate a Prognostic
Index. Traditional cancer staging systems have
mainly described and classified the extent of dis
ease. Even crude definitions of extent of disease can

reflect associations between the increasing extent of
disease and the increasing risk of death. Staging by
extent of disease has assumed the role of prognostic
indicator. Much effort has gone into devising sys
tems that classify disease extent into groups that can

be stratified according to the increasing risk of
death. These stage groupings have become the pri-

mary and at times the only prognostic index for cer

tain cancers. Notable exceptions are lung cancer, in
which a separate class was established for small cell
or oat cell tumors regardless of tumor extent, and

lymphomas.
We have formulated a combination of nasopha

ryngeal characteristics, including extent, which pro
vide a more accurate prediction of prognosis than
the conventional extent of disease staging systems.
We wished to define a score that would have certain

.

characteristics deemed desirable.
1. The score must be related to a death rate or some

other risk measure in a reliable way so that the
death rate increases in a defined way as the score

increases. Different scores represent different
death rates, and the range of scores corresponds
to a wide range of rates.

2. We sought a linear relationship between the score

and the logarithm of the 5-year death rate; this is
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Fig 1. Survival of patients with NPC, according to A) site of node involvement, and B)
ADCC titer and WHO class. WHO 1 - differentiated squamous cell carcinoma, WHO 2
- nonkeratinizing carcinoma, WHO 3 - undifferentiated carcinoma. C) AJC stage (see
Table 1 for definition of stages I to IV), D) Ho stage (see Table 1 for definition of stages I
to V), E) VICC stage (see Table 1 for definition of stages I to IV), F) TN score. TN
score = 1 if there is extensive involvement of nasopharyngeal cavity; + 1 if extensive

regional involvement outside nasal cavity, including oropharynx but not bone or cranial
nerves; + 1 if lower or supraclavicular nodes involved (see Table 1 for Ho's definition of
upper N1, lower N2, and supraclavicular N3 nodes). G) Total score. Total score = 1 if
there is extensive involvement of nasopharyngeal cavity; + 1 if lower neck or

supraclavicular nodes involved; + 1 if WHO type 1 (differentiated squamous cell car

cinoma); + 1 if ADCC titer < 1:7,680; + 1 if seven or more symptoms on presentation;
+ 1 if age> 40. Mets - metastases,

obtainable from the Cox regression method.21
Different scores do not reflect the same risks,
and one score is not to be applied to a group of

patients with a wide range of risks. Scores are

used to sort patients into a graduated sequence
of risk groups. Our score system is considered
better than another in terms of prognosis if the

range of risks is greater as one proceeds from low
to high scores. In addition, the trend toward

greater risk as score increases should be steady.
3. Computation of the score is relatively simple and

easy for clinicians to remember.

Conventional Staging. The AJC, Ho, and VICC
systems all use extent of disease for prognosis (Table
1). Survival in each of the four stage groupings of
the AtC system is shown in Fig lC and Table 6. Sur
vival at 5 years among AJC stages I, II, and III did
not differ significantly (p = 0.5) but there was a

small, consistent increase in death rate with in
crease in stage. Death rate was significantly higher
in stage IV (p = 0.003). Patients with tumor con

fined to one site within the nasopharynx had surviv
al rates similar to that of patients with tumor in

volving two sites within the nasopharynx (stages I
and II). The prognosis was not significantly worse if
the patient had a single clinically positive node less
than 3 em in diameter in the neck (stage III). Most
of the patients in the stage III group had a clinically
positive homolateral node less than 3 ern in di
ameter; the 5-year survival curve of patients with a

homolateral or contralateral node high in the neck
was similar to that of patients with tumor limited to
the nasopharynx. When the tumor was limited to
the nasopharynx or to nodes of the upper part of the
neck, the prognosis was good (from 64 % to 83 %
survival at 5 years), whereas survival of" patients
with AJC stage IV disease was poor (40% 'at 5 years,
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TABLE 5. MISCELLANEOUS CHARACTERISTICS OF PATIENTS WITH NPC RELATIVE TO DEATHS AND DEATH RATES
DURING FIRST 5 YEARS AFTER TREATMENT

Death Rate
No. oj Deaths per 100

Characteristic Patients Due to NPC Person- Years

Histologic type
WHO 1 38 23 36.4
WHO 2 23 7 9.3
WHO 3 121 43 12.9

(p= 0.0003)
ADCC titer (WHO 1)

< 1:7,680 13 8 40.1
2: 1:7,680 14 9 38.5

(p=0.9)
Unknown 11 6 30.2

ADCC titer (WHO 2, 3)
< 1:7,680 50 18 14.3
2: 1:7,680 55 11 6.7

(p= 0.05)
Unknown 39 21 17.6

Age
<40 yr 38 8 7.9
2: 40 yr 141 65 18.3

(p = 0.01)
Unknown 3 0 0

Definition as Used in Regression Analysis

WHO = 1 if class 1; 0 otherwise

ADCC = 1 if < 1:1,650; 0 otherwise

AGE = 1 if 2: 40; 0 otherwise

p = 0.0001). Survival beyond 5 years did not differ ing nodes in the upper cervical level (Table 1).
significantly among all four stages. In the VICt system (Fig IE and Table 6), there

In the Ho system (Fig ID and Table 6), there was
was no difference in survival between the stage I
and II groups, which are defined in the same man-

a wide range in survival, but stage IV data, based
ner as AJC groups 1 and 2.

on eight patients, were erratic. However, there was

no significant difference in survival between stages A comparison of the AJC, Ho, and VICC stage
I and II, ie, between patients with tumor confined groupings is shown in Table 7, where the numbers
to the nasopharynx and patients with tumor involv- in parentheses are death rates for the first 5 years

TABLE 6. STAGING SYSTEMS IN GROUP OF PATIENTS after treatment. In all three systems, stages I and II

WITH NPC RELATIVE TO DEATHS AND DEATH RATES were not significantly different in total death rates.
DURING FIRST 5 YEARS AFTER TREATMENT AJC tended to "overstage" in stage IV, indicating

Death Rate that some of these inclusions were not appropriate.
No. oj Deaths Due per 100

Staging System Patients to NPC Person-Years TABLE 7. PATIENTS WITH NPC CLASSIFIED BY HO AND

AJC I 15 2 3.8 Ale STAGES AND BY VICC AND AIC STAGES
II 12 2 5.1 AJC Stage

III 15 4 9.9 I II III IV Total
IV 140 65 19.2

(p= 0.003) Ho stage

UICC I 15 2 3.8 I 15 11 26

II 12 2 5.1 (3.8) (5.3) ( 4.4)
III 49 15 11.2 II 1 12 41 54
IV 106 54 30.0 (0.0) ( 8.4) ( 7.2) ( 7.4)

(p = 0.0004) III 3 83 86

Ho I 26 4 4.4 (20.8) (24.0) (24.0)
II 54 12 7.4 IV 8 8

III 86 45 24.0 (25.0) (25.0)
IV 8 6 25.0 V 7 7
V 7 5 77.0 (77.0) (77.0)

(p < 0.0001) Unstaged 1 1
Unstaged 92.4* (92.4) (92.4)

TN score] 0 95 23 8.0 Total 15 12 15 140 182
1 55 30 24.9 (3.8) (5.1) ( 9.9) (19.2) (15.5)
2 22 12 28.9 UICC stage3 3 3 257.6*

(p < 0.0001) I 15 15
(3.8) ( 3.8)

Total score] 0 11 1 2.2 II 12 12
1 61 13 6.9

(5.1) ( 5.1)2 68 28 15.8
3 27 18 37.9 III 15 34 49

4,5 8 8 92.3 ( 9.9) (11.8) (11.3)
(p <0.0001) IV 106 106

'Based on too few cases to be reliable. (22.0) (22.0)
[Seven patients (five deaths) with distant metastasis on arrival were ex- Total 15 12 15 140 182

eluded because they were known to be at very high risk. Practically, (3.8) (5.1) ( 9.9) (19.2) (15.5)
they could be pooled with the highest score. Numbers in parentheses are death rates for first 5 years after treatment.



TABLE 8. VARIABLES CHOSEN FOR DEFINITIONS OF
PROGNOSTIC SCORES FOR PATIENTS WITH NPC
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Variables Found to Provide
Significant Prognosis of Poor Survival

Relative
Risk

(5 yr) *

TN score (from 13 T and N variables only) r
Extensive local disease filling nasopharynx
Regional extension of NPC

Nerve involvement
Nodes involved in lower neck or

supraclavicular region
Total score (from all 18 potential variables) §

Extensive local disease filling nasopharynx
Lower nodes involved
WHO type 1 tumor

ADCC < 1:7,680
Seven or more symptoms
Age ;::::40 yr

1.7

2.3
3.6

2.5

2.5
3.1

2.7
1.8

3.3
2.4

'Relative risk is death rate when only the variable under consideration
indicates poor survival + rate when none of them so indicate. This is
e to the power of corresponding {3-coefficient from Cox linear model.

tTN score = sum of the four variables.

§Total score = sum of the six variables.

There were 140 cases in stage IV of the AJC; 41 of
these were in the Ho stage II group. The 5-year
death rates indicated that the Ho system more accu

rately predicted survival, in that the death rate for
these 41 patients was relatively low (7.2). It ap
peared that the AJC system was less sensitive than
the Ho system. However, the Ho system showed lit
tle difference in death rates between stages III and
IV, in which one would expect a sizable increase in
death rates. This may be due to sampling variation,
of course. By definition, VICC stages I and II were

identical to AJC stages I and II, but stages III and
IV were defined differently. The VICC showed a

distinct difference in death rates between stages III
and IV; these were more distinct than either those
in the AJC or Ho systems. The Ho system correctly
recognized the importance of distant metastases in

stage V grouping; in the AJC and VICC systems,
these patients were combined with lesser risk pa
tients in stage IV.

New Prognostic Index. We have improved the ex

tent of disease staging approach, basing it on the
variables that we determined in this prospective
study to have, individually, .-a significant impact on

prognosis. The survival curves (on a log scale) were

approximately straight lines for 5 years, thus setting
the proportional hazards condition. In the first
analysis, the choice of variability was restricted to
the 13 tumor (T) and node (N) variables (Tables
3-5). The last columns of Tables 3, 4, and 5 contain
definitions with computer labels of the regression
variables as used in the Cox model. There were four
important variables: extensive tumor in the naso

pharynx, extension to nearby structures, cranial
nerve involvement, and nodes in the lower portion
of the neck or in the supraclavicular region; these
are shown in Table 8 and make up the TN score.

Table 8 represents a simple but accurate approach
to traditional extent of disease staging. Whenever

one of the other variables from the group of 13 was

introduced into the regression analysis, it did not

change the prognosis in any significant way. Exclu
sion of any of the four important variables had a

significant effect; therefore, these four variables
have been retained for the TN score of prognosis.
The score we propose is based on the Cox regression
method, which tests a linear combination of the
variables. Although the sum of the four regression
variables (Table 8) was used, the regression weights
(available but not shown here) were not used. There
fore, the number of "bad" variables among the four
listed constitute the TN score. The range of scores is

theoretically from 0 to 4; actually, there were no

scores of 4.

In the first 2 years of follow-up, patients who had
TN scores of 1 and 2 were not clearly separated (Fig
IF), but after 2 years of follow-up, there was clear
ly a separation of survival among all the groups.
There were only three patients with a score of 3,
and survival was as predicted, dismal.

The scope of the prognostic scoring system was

expanded to a total score, and all 18 promising vari
ables from Tables 3, 4, and 5 were assessed. The
Cox regression "step-down" method reduced this
list to those shown in Table 8. Each item made a

significant contribution to the linear regression
model (p<0.05). The addition of any other item
resulted in an insignificant improvement (p> 0.05).
The total score embraced a wide range of survival
groups in fairly uniform steps (Fig 1 G). Only eight
patients had scores of 4 or 5, ie, few patients had
high scores, and survival of these patients was simi
lar to that of patients who had metastases at presen
tation. The total scoring system as we have defined
it is based on the first 5 years of follow-up; it is con

sistent beyond 2 years.

In Fig 2, the total score is compared with the
three standard staging systems and the TN score.

The total score seems to be desirable in that it covers

a wide range of risks. The logarithm of the 5-year
death rate increased nearly linearly with the total
score. The death rate curve was steeper than the
curves for the AJC, VICC,. or Ho stage groupings.
For the TN score, the death rate curve leveled off
between scores 1 and 2, indicating that, in spite of
our statistically significant findings, one of the vari
ables that we used did not add very much. We in
cluded it as the best we could do with only the 13 T
and N variables available.

Overall survival to death, to progression, and to

survival from progression to death from NPC are

shown in Fig 3. Survival as observed diverges con

tinually from the survival expected, indicating a

continuing high risk of death at least up to 6 years.
Also the risk of progressing (shown as the slope of
the curve "To progression") continues high, reduc
ing only slightly with the passage of time. Nasopha
ryngeal carcinoma thus appears to be chronic; the
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nient index of survival or of death risk). Curve for total
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stages. TN score is not as consistent with increasing death
rates and score.

�isk does not appear to level off in a few years as it
does for so many other cancers.

DISCUSSION

We have found that extensive tumor in the naso

pharynx, regional extension of tumor, cranial nerve

involvement, and positive nodes in the lower por
tion of the neck (as defined by Ho) contribute signif
icantly to the prediction of survival, whereas in
volvement of bohe at the base of the skull, various
criteria for the diameter of the largest node (unless
it is > 6 cm), fixation of nodes, contralateral versus

homolateral nodes, and nodes in the upper portion
of the neck do not. Having determined the impor
tant variables, we devised and evaluated two scor

ing systems. The first and more simple of the two,
the TN score, which is an extent of disease system,
employs four variables that were found to provide
significant prognosis of poor survival: extensive tu

mor within the nasopharynx, regional extension of

tumor, cranial nerve involvement, and involvement
bf lower neck nodes (below Ho's line). The second

scoring system, the total score, is based on extensive
tumor within the nasopharynx, involvement of lower
neck nodes, WHO tumor type, ADCC titer, num

ber' of symptoms, and age.

This is the first time that an immunologic test,
the ADCC, has had a role in the prediction of prog
nosis for patients with head and neck tumor. Pres

ently, it appears that changes in viral capsid antigen
(IgA) titers or early antigen titers (or in both titers)
after therapy will provide another clue to progno
sis, but only after diagnosis and treatment.4.11 This
will be the subject of another report.

In the United States; the AJC system of staging is
most commonly used. Major criticisms of this sys-
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tern relate to the descriptions of the extent of the

primary tumor and of the regional lymph nodes.
Even in the hands of expert examiners, the extent of
the primary lesion in nasopharyngeal cancer can be
difficult to determine, and submucosal extension
beneath a normal-appearing mucosa is common.

The definition of posterosuperior and lateral walls
is not viable. Tumors often arise in the fossa of
Hosenrnuller, and this location is actually the meet

ing point of the lateral wall and the posterior wall.
Therefore, any attempt to classify the primary tu

mor as TIS, Tl, or T2 is not meaningful; we find no

significant difference in survival among patients
with TIS, Tl, and T2 tumors. Once the tumor has
become extensive within the nasopharynx or has ex

tended beyond the confines of the nasopharynx, the
chance of survival diminishes. The AJe does not

discriminate among nasopharyngeal tumors that
have extended regionally to involve contiguous
structures (such as the adjoining hypopharynx, or

bit, or infratemporal fossa); T3 simply refers to ex

tension of tumor into the nasal cavity or orophar
ynx, and T4 refers to tumor invasion of the skull,
cranial nerve involvement, or both.

We have found that regional extension and in
volvement of cranial nerves are important prognostic
signs but that involvement of the skull is not neces

sarily a sign of a bad prognosis. Patients with distant
metastases are included in stage IV. In our study,
there were no long-term survivors among patients
with metastases, whereas .there were in the other

. categories of that stage grouping. Patients with
metastatic disease should be differentiated from
those in the other categories, as suggested by Ho.

We have found that prognosis is poor and surviv
al is reduced when nodes in the lower portion of the
neck - below Ho's line or supraclavicular nodes -

are involved. There is no significant difference in
survival of patients; with unilateral or bilateral
nodes in the upper neck and of patients with tumors
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limited to the nasopharynx. The concept of homo
lateral versus contralateral (at least in the upper
portion of the neck) does not seem viable when one

considers these data and the fact that the nasophar
ynx is a midline organ, a concept embraced by HO.15
Many of the patients who are considered to have tu-
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mors limited to the nasopharynx may have retro

pharyngeal node involvement, which is actually the
first level of nodes from the nasopharynx. Perhaps
CT will improve our capability of making this
determination, and this technique could be used to

improve extent of disease staging accuracy.
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VOCAL CORD GRANULOMAS
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A series of 16 vocal cord granulomas in adults and children were studied; of these, seven occurred postintubation. All granulomas
were removed at least once and the recurrence rate was high. On average, there were three removals, and some patients are still under
observation. The recurrence rate did not seem to be related to removal by surgical excision or by laser. We postulate, contrary to conven

tional teaching, that vocal ulcer and vocal cord granuloma should be regarded as separate entities which occur at the same anatomical site.

KEY WORDS - vocal cord granulomas.

INTRODUCTION

Jackson made no mention of granuloma forma
tion when he first presented the clinical and patho
logical features of 127 cases of contact ulcer in 1928.1
He described "superficial ulceration occurring in
one or both sides of the larynx posteriorly, the ulcer
ated surface coming in contact on phonation with
that of its fellow on the opposite side, the latter be

ling ulcerated or not."

In 1935 J ackson ' reviewed his experience and
added a further 47 cases, including examples of
vocal cord granuloma. He stated that "necrosis of
the epithelium may allow infective agents under the
epithelial barrier," and "in infected areas, trauma
to cartilage and perichondrium results in slow heal
ing; reparative processes are retarded by exuberant,
flabby granulations that persist so long that they be
come epithelialized and more or less organised; they
then constitute granulomas."

Many previous papers':" have referred to contact
ulcer and vocal cord granuloma, sometimes in the
same context, and often without discrimination be
tween the two conditions. We question whether
they are, in fact, different stages of the same patho
logical process, and postulate that each should be
regarded as a separate entity. In this paper we re

port a series of vocal process granulomas both idio

pathic and postintubation, and emphasize the ten

dency for persistent recurrence ih some patients
after either surgical excision or carbon dioxide laser
removal.

MATERIALS AND METHODS

The records of patients treated for vocal cord

granulomas at Sydney Hospital and at the Royal
Alexandra Hospital for Children, Sydney, in the 5-

year period from 1980 to 1984, were reviewed with
reference to possible causative factors including a

history of intubation, clinical features of gastro
esophageal reflux, smoking, vocal abuse, method of
removal, histopathology, and recurrence. The

method of examination was the same for all pa
tients. Direct laryngoscopy was performed under

general anesthesia. 8.9 The larynx was first evaluated
using various Storz Hopkins rigid rod telescopes,
and endoscopic photography'? was performed in
most cases. The operating microscope was used for

microsurgery, and the lesion was removed either
with forceps and scissor dissection or with the car

bon dioxide laser. All specimens were examined

histopathologically.

RESULTS

Sixteen patients, 13 males and 3 females, from 10
to 69 years old with an average age of 44 years, were

studied, and possible etiological factors were evalu
ated. Seven patients were intubated for general
anesthesia within 12 months of presentation; their
symptoms were related to this intubation and they
were therefore considered to have "postintubation
granuloma." Of these patients two had bilateral
granulomas. Four patients smoked more than 20

cigarettes per day; of these, two had given up smok
ing since developing the lesion in their larynx. One

patient had symptomatic gastroesophageal reflux
confirmed by a barium examination, two had post
nasal drip, and one had excessive throat clearing.

The most common presenting symptom was

hoarseness (14 patients). Sore throat and aching
throat (four patients) were less common. The most

prominent complaints in other patients were dysp
nea on exertion (four patients), a feeling of "some

thing in the throat" (two patients), stridor (one pa
tient), and "cut off vocalization" (one patient).

-

'In some cases the lesion could be clearly seen on a

lateral radiographic examination, either x-ray or
.

xeroradiograph (Fig 1). The gross appearance of the
granulomas was similar in all cases (Fig 2). The le
sion was a round or oval fleshy mass with a pale, ir

regular surface. A narrow pedicle attached the
granuloma to the vocal process and medial aspect of
the arytenoid (Fig 3) .

From the Sydney Hospital and the Royal Alexandra Hospital for Children, Sydney, Australia.
Presented at the meeting of the American Laryngological Association, Miami Beach, Florida, May 25-26, 1985.
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Fig 1. Vocal cord granuloma showing as oval mass (arrow)
on lateral xeroradiograph.

Histologically the lesions were comprised of non

specific reparative granulation tissue consistent
with pyogenic granuloma. The granulation' tissue
was covered by squamous epithelium, usually hy
perplastic, but ulcerated in four cases. All granulo
mas including those which were postintubation had
a similar macroscopic and microscopic appearance.

The 16 patients had a total of 50 operations for
removal of granuloma on the vocal process; 24 le
sions were removed by surgical excision and 26 were

removed by laser excision (Table). One of the pa
tients "autoamputated" her lesion by coughing it

out, and it did not recur.

Fig 3. Excised granuloma specimens. Left - gross appear
ance showing pale, uniform surface surrounding dark cen

ter. Right - site of attachment is visible.

Currently ten patients are free from recurrence.

In four patients with no recurrence, the last remov

al was by laser. In the other six, the last removal
was by surgical excision. In two patients the lesions
have been observed for periods of 6 to 12 months
without change in size, and no surgical treatment is

being undertaken. Two patients require further re

moval and two have been lost to follow-up.

DISCUSSION

Huskiness was the commonest symptom of vocal
granuloma in our series 'and it varied from mild to
severe. Some patients have very little vocal disabili
ty when the granuloma is above the free margin of

Fig 2. Endoscopic photographs. A)
Bilateral intubation granulomas. B)
Granuloma on right has been removed

using laser. C) Three weeks later right
side has healed. D) Granuloma on left
has been removed.
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DETAILS OF CASE MATERIAL

Number oj Removals
No, Sex Laser Surgical Total Mode at Last Removal Current State

M 2 3 L Lost to follow-up
2 M 0 1 L Observation

3 M 4 2 6 L Clear

4 M 0 5 5 S Observation

5 M 6 3 9 S Clear

6 F 3 4 L Clear

7 M 2 2 4 S Clear

8 M 3 1 4 L Clear

9 M 0 1 S Clear

10 M 1 2 S Needs removal

11 M 1 0 S Lost to follow-up
12 M 2 2 4 S Clear

13 M 0 L Needs removal
14 F 0 S Clear

15 F* 0 2 2 S Clear

16 M* 2 0 2 L Clear

Totals 16 26 24 50
L - laser, S - surgery,

*Bilateral intubation granulomas,

Ward et al" stated that contact ulcers and granulo
mas of the larynx are relatively uncommon but well

recognized clinical and pathological entities. They
analyzed cinephotographic and cinefluorographic
studies, correlated them with clinical observations,
and concluded that habitual throat-clearing, exces

sive glottal attack, and, most important, acid regur
gitation secondary to hiatus hernia were the major
causal factors. Their patients were individuals who
often abused their voices by excessive speaking,
often intentionally producing a low-pitched voice

currently popular with broadcasters and profession
al speakers. These hard-driving, tense people were

likly to be late eaters, heavy drinkers, banquet at

tenders, and public speakers. Furthermore, speech
therapy, although prolonged, was often of limited
success only.

Feder and Michell!' classified granulomas as hy
perfunctional or hyperacidic and concluded that
both have vocal abuse as a primary etiologic factor.
In discussing the etiology of vocal ulcers, von Leden
and Moore" emphasized the violent clashing trauma

of the arytenoid cartilages, which, covered by thin
mucous membrane, struck one another repeatedly.
They concluded that other contributing factors
were the pitch, intensity, and quality of the voice.

The terms contact ulcer and granuloma have been

commonly used, sometimes apparently without dis
crimination.v '-P In some papers on contact ulcer,
the authors will refer to the lesion as contact ulcer

'granuloma and others use the term granuloma free

ly. Some call granulomas contact ulcers. Others"
have recently pointed out that the term contact ul
cer should not be used, as they consider that the le
sion is actually a crater in the center of a circle of

hyperplastic epithelium. Kleinsasser" uses the term

contact pachydermia and states that no fissures, ul

cers, or granulomas have been seen among the typi
cal pachydermia.

the vocal process on the medial surface of the aryte
noid rather than on the edge of the vocal cord itself.
In other patients voice production may be markedly
affected. In addition the effort required for phona
tion may cause muscular tiredness, spasm and aching
in the throat, particularly after excessive talking or

at the end of the day. Other patients feel a soreness

in the throat, a lump in the throat, "something
wrong in the throat," or a constriction. There may
be evidence of tension, vocal abuse, or overuse.

Lastly is the difficulty in obtaining a surgical cure;
our patients had an average of three operations and
some still have their granulomas.

In this series the principal treatment was by endo

scopic removal either by a microsurgical technique
or by use of the carbon dioxide laser. There appears
to be little difference in the results with these two

modalities. The indication for removal was the se

verity of dyspnea on exertion or nocturnal dyspnea
caused by the size of the mass. Small granulomas
were not removed but were regularly observed by
indirect laryngoscopy. Other forms of treatment in
cluded speech therapy, cessation of smoking, and
local injection of steroids and oral zinc sulfate, but
we had no standard treatment regime.

The presence of bacteria and continual irritation
is thought to lead to the equivalent of a pyogenic gran
uloma but the cause of the initial lesions is not

known.

The cause of vocal cord granuloma has been ques
tioned over the years by many authors.l,2,4,5,ll-l3
Postintubation granuloma on the arytenoid follow
ing difficult, prolonged, or even routine laryngeal
intubation for general anesthesia is an obvious
cause.3,l1.l4,l5 In other patients the differential diag
nosis of granuloma in the larynx may include tuber
culosis, histoplasmosis, coccidioidomycosis, blasto
mycosis, syphilis, leprosy, sarcoidosis, Wegener's
granuloma, scleroma, and Crohn's disease."
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In 1960 Holinger and johnson" described a contact

ulcer as a superficial, soft, shallow ulcer with in
creased vascularity. They then stated that a granu
loma may develop which is covered with white exu

date giving the most typical appearance of a contact

ulcer. This description may possibly represent the
intermediate stage of transition from the classical
contact ulcer to the classical granuloma. However,
we question whether granulomas do commence as

an ulcer or whether they even pass through what
might be regarded as the ulcer-granuloma stage
where there is a central crater surrounded by a rim
of hypertrophic granulation tissue. We have never

observed a patient with a vocal ulcer progress to a

classical vocal cord granuloma.
The picture is further complicated when post

intubation granulomas are considered. In 1932
Clausen." described granulation tissue formation on

the medial aspect of the arytenoid as a consequence
of intubation. Tuckers stated that the pathophysio
logical process from which intubation granulomas
and contact ulceration arise was approximately the
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same.

It would seem from the literature that it is theo

retically possible for nonspecific granuloma to be

superimposed on a contact ulcer, but this hypothesis
is difficult to prove. In our small series we did not

see contact ulcer as a precursor of the granuloma.
None of the patients had hard driving, tense per
sonalities, nor did they seem to abuse their voices or

speak excessively as patients with contact ulcer seem

to do. None of the patients complained of localized
pain or pain radiating to the ear, which is such a

consistent feature in contact ulcer, nor was there a

contact ulcer on one side of the larynx and a granu
loma on the other in any patient. Furthermore, in
other patients we have treated for contact ulcer it

self, we have not seen progression to vocal granu
loma with disappearance of the contact ulcer. Fur
ther studies of patients with vocal ulcer and vocal
granuloma may eventually explain whether they
represent different manifestations of a single dis
ease, but we postulate that they should be regarded
as separate entities.
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STRANGULATION: A FULL SPECTRUM OF BLUNT NECK TRAUMA
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Strangulation accounts for up to 10 % of violent or criminally related deaths in the United States annually. Strangulation techniques
include hanging, throttling, garrotting; and chokeholds. These methods are thought to cause unconsciousness or death by compression of
either the airway or the major vessels of the neck. A review of the records of 112 nonsurvivors and 59 survivors of strangulation revealed
that hyoid bone and laryngotracheal fractures occurred in both groups, particularly in throttling victims. The laryngeal injuries themselves
could not be implicated as the cause of death, and survivors usually presented without airway compromise. However, failure to appreciate
such injuries in survivors may lead to permanent voice complications. A full understanding of the spectrum of strangulation is also required
if the otolaryngologist is called to testify as an expert witness in such cases.

KEY WORDS - larynx, strangulation.

For the year 1980, the United States census re

ported approximately 3,500 deaths due to suicidal
strangulations and hangings. It is also estimated
that up to 10 % of violent or criminally related
deaths in large urban areas are due to some form of

I strangulation. 1.2 Strangulation represents an impor
tant form of blunt neck trauma that is probably bet
ter understood by the forensic pathologist than the

otolaryngologist-head and neck surgeon. Although
blunt neck injuries resulting from high speed decel
eration crashes have been well described in the oto

laryngology literature," discussion of strangulation
injuries has been infrequent." The force required to

produce a laryngeal injury that would require the
attention of a clinician may be immediately lethal.
For this reason, strangulation injury is often viewed

only by the pathologist on postmortem examination.

Any discussion of the spectrum of strangulation
requires an understanding of the various maneuvers

used for the common goal of ending life. Death by
hanging involves the constriction of the neck by a

ligature that is pulled tight by the weight of the
body as it is suspended either totally or partly."
Hangings may be judicial, suicidal, or accidental.
Accidental hangings are seen in infants who become
entangled in their clothing or bed linen and in
adults involved in autoerotic sexual activities that

involve hanging or self-strangulation.":" Death by
ligature strangulation, or garrotting, involves the
constriction of the neck by a ligature that is pulled
tight by a force (usually the assailant's hands) other
than the victim's body weight. Throttling, or man

ual strangulation, is the compression of the neck
with the human hands." Chokeholds are maneuvers

originally designed to allow law enforcement of-'
ficers to subdue violent criminals. The "carotid
sleeper" involves compression of the neck structures
in the bend of the elbow and the "bar arm" maneu

ver utilizes the rigid forearm for compression. 8 Only
suicidal and accidental hangings do not require the
active role of an assailant.

Both superficial and deep injuries have been well
described in the forensic pathblogy literature. Exter
nal markings of a ligature strangulation may range
from a parchment-like compression groove around
the neck in a victim of a successful hanging attempt
to a broad hemorrhagic ligature mark caused by ex

travasation of blood from damaged small vessels
when the ligature tension is removed in a survivor. 5,9

Abrasions or fingernail scratches may be present in

ligature strangulations if the victim fought to re

move the ligature, or in the throttling victim, from
the assailant's or the struggling victim's hands'? (Fig
1). Victims may also show signs of vascular conges-

Fig 1. Manual strangulation vic
tim with A) abrasions of neck from
assailant's and victim's own fing
ernails as result of struggle, and B)
subconjunctional petechiae.

From the Department of Otolaryngology-Head and Neck Surgery, Los Angeles County-University of Southern California Medical Center (Line,
Stanley) and the Office of the Coroner-Medical Examiner (Choi), Los Angeles.
Presented at the meeting of the American Laryngological Association, Miami Beach, Florida, May 25-26, 1985.
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TABLE 2. FORENSIC STUDY: METHOD OF

STRANGULATION AND RESULTANT
LARYNGOTRACHEAL AND HYOID INJURIES

Fig 2. Larynx of strangulation victim, with multiple pe
techiae visible, but no mucosal lacerations or skeletal frac
tures.

tion including subconjunctival, gingival, and oral
mucosal petechial hemorrhages if the vascular oc

clusion is slow or intermittent.

Injuries to the laryngotracheal apparatus are fre

quently found on postmortem examination of non

judicial hanging, garrotting, chokehold, and throt

tling victims. These may range from hemorrhagic
petechiae as found elsewhere due to slow vascular
occlusion (Fig 2), to fractures of the hyoid bone or

laryngeal cartilages. Fractures of the larynx, in par
ticular the thyroid cartilage, have been most com

monly described in throttling victims. However,
most of the injuries found on postmortem examina
tion have been of one superior horn and have been
considered clinically insignificant. s. 11 Descriptions
of the laryngotracheal injuries in survivors of stran

gulation have been much less frequent.v" In order
to compare the laryngotracheal injuries in survivors
and nonsurvivors of strangulation injuries, the
records of the Los Angeles County-University of
Southern California (LAC/USC) Medical Center
and the Los Angeles County Coroner-Medical Ex
aminer's Office were reviewed for similar time

periods. Observations were made concerning the
methods of strangulation, the types of injuries
found, and the relationship of the injury to the out

come of the patient.

STUDY GROUP

The Los Angeles County Coroner's Office is one

of the busiest in the world. For example, during the

years 1982 and 1983, approximately 33,500 cases

TABLE 1. AGE AND SEX DISTRIBUTION IN
STRANGULATION DEATHS
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Number oj Victims
Total With Injuries

Suicidal hangings 52 (46%) 13
Ligature strangulation
Throttling 49 (44%) 34

Chokehold 8 ( 7%) 3

Unknown 3 ( 3%) 1

Total 112 51

were examined. Included were 424 strangulation
victims, of which 340 were suicides by hanging and
84 homicides by strangulation. The usual examina
tion for the suicide cases is limited to a description
of the external injuries and an examination of the
ligature. However, for cases where evidence of sui
cide is equivocal and for all homicide cases, a com

plete necropsy is performed. The forensic section of
this report is based on detailed records from the per
sonal experience of one of the authors (JHC) for 112
such cases over a 12-year period (1970 to 1982).
This is felt to be a representative sample of all stran

gulation cases handled by the Medical Examiner's
Office during that time.

The clinical section of this report is based on a re

view of the records of victims of strangulation ad
mitted to the LAC/uSC Medical Center during the
years 1973 through 1984. Emphasis was placed on

the last year when all of the patients evaluated by
the Otolaryngology-Head and Neck Surgery service
for laryngeal trauma were presented to if not per
sonally examined by one of the authors (RBS). Each
record, whether consulted on by our service or not,
was evaluated for method of strangulation, occur

rence of laryngotracheal injury, and final outcome.

RESULTS

Forensic. The age and sex distribution for all vic
tims is shown in Table 1 and the methods of stran

gulation in Table 2. Eighty-four (75 %) of the vic
tims were female. Of the total of 112 victiins, 51

(45 %) had fractures of the laryngeal cartilages or

hyoid bone. Interestingly, only seven of 28 (25%) of
the males had fractures compared to 45 of 84

(53.5 %) of the females.

The distribution of the fractures by site and method
of strangulation is shown in Table 3. Manual stran

gulation was the most common cause of a fracture,
and hyoid bone fracture was the most common in

jury, especially in females. Nine patients had frac
tures of both the hyoid bone and thyroid cartilage,

TABLE 3. FRACTURES IN VICTIMS OF DEATH BY
STRANGULATION

Number oj Subjects by Age in Years Site oj Method ot Strangulation
0-20 21-40 41-60 61-80 80 Total Fracture Ligature Throttling Chokehold Unknown Total

Males 9 6 9 3 1 28 Hyoid 6 21 0 0 27
Females 19 24 21 16 4 84 Thyroid 5 13 2 1 21

Total 28 30 30 19 5 112 Cricoid 3 9 2 0 14
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nal emphysema; and one complete laryngotracheal
separation. This last case was the only one that re

quired operative intervention. The two patients
with ligature strangulation and one infant who suf
fered accidental hanging were not examined.

The eight remaining cases included four victims
of chokeholds and four victims of throttling, all of
whom underwent indirect examinations. Of the
chokehold victims, plain radiographic films showed
a possible displaced hyoid bone fracture in one pa
tient, and indirect examination showed supraglottic
edema and ecchymosis over the left arytenoid in
another. Examination findings in the other two

were normal, although they complained of hoarse
ness. Of the four throttled patients, plain films
showed a hyoid bone fracture in one, and computed
tomography showed a displaced thyroid cartilage
fracture in one and cricoid cartilage fractures in
two. These three cases will be discussed in more de
tail later.
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TABLE 4. PATIENTS ADMITTED FOR STRANGULATION

INIURIES
1973-1983 1984 Total

Suicidal hangings 32 16 48

Ligature strangulation 2 0 2

Throttling 0 4 4

Chokeholds 2 2 4

Accidental hanging' 1 0 1

Total 37 22 59
*ll-month-old child.

and one patient had fractures of both of these and
the cricoid cartilage. Although acute asphyxia from

airway compromise was the likely cause of death in

many victims, the laryngeal injuries themselves
were mostly superior horn fractures or nondisplaced
fractures of the thyroid lamina.

No cases were found with gross disruption of the

airway as seen in high-speed deceleration injuries.
Therefore, none of the injuries could be implicated
as the actual cause of death, although it was not

possible to totally rule out a contribution by delayed
airway obstruction from progressive edema or vocal
cord paralysis.

Clinical. Records were found for 59 patients who
were admitted for treatment of problems related to

strangulation during the ll-year study period.
Twenty-two of those were admitted during the last

year (1984). It is recognized that this is not a true in
dication of the incidence of strangulation, but rep
resents those patients who suffered a serious injury
or a medical' catastrophe related to pressure applied
to the neck. A large number of patients seen in the
minor trauma area of the main emergency room

complaining of being strangled are judged to be

asymptomatic and are not referred to the otolaryn
gology service. The sudden increase in documentable

strangulation cases seen at the LAC/USC Medical
Center from three to seven per year to 22 cases in
1984 cannot be totally attributed to faulty record

keeping. Two other factors came into play during
this time, the first being the adoption of a county
wide Trauma Center concept, and the second being
changes in financial reimbursement patterns that
necessitated transfer of patients from private hospi
tals to LAC/USC as soon as they were deemed stable.

The methods of strangulation for the 59 patients
are listed in Table 4. Ninety percent of the patients
were male, with a mean age of 32 years. Forty-eight
(81 %) were victims of hanging attempts, 25 of
which took place in jail or police custody and two in

psychiatric hospitals. Only 26 (56 %) of these hang
ing victims were seen by the otolaryngology service.
Serious laryngotracheal injuries were identified in

three patients, with the remainder having either
normal indirect laryngoscopic examinations or only
mild vocal cord edema. The three injuries included
one pyriform sinus hematoma; one small transverse

tear of the mucosa of the anterior wall of the upper
trachea, which caused subcutaneous and mediasti-

In the total group of 59 patients, five required
cardiopulmonary resuscitation prior to arrival in
the emergency room, and 17 were intubated at

some time during their hospitalization. All but two
of these patients were hanging victims. One hang
ing victim suffered atlanto-occipital dislocation
with a spinal cord inury, and 12 others suffered ir
reversible anoxic brain damage and subsequent
death. Only two patients received tracheostomies.
The hanging victim with laryngotracheal separa
tion required an emergency tracheostomy for air

way control and the throttling victim with the
displaced thyroid cartilage fracture underwent
tracheostomy to facilitate surgical repair.

Of the 22 cases admitted to the LACIUSC Medi
cal Center in 1984, 14 were seen by our service. The
eight not seen were all hanging victims, four of
whom died of anoxic brain damage while still in
tubated. The other four had no airway complaints
in the emergency room and were admitted directly
to the Psychiatry Service or Jail Ward. Among the
eight hanging victims who were examined, seven

had no evidence of an airway injury although two
had required intubation, resuscitation, and a short
stay in the intensive care unit when first admitted.
The other patient was found to have the pyriform
sinus hematoma but no laryngeal fracture on CT

scanning. Both chokehold victims and one of the
throttling victims had normal examinations and
were admitted to the Jail Ward for care of other
problems. The remaining three throttling victims
suffered laryngeal injuries, including one nondis
placed cricoid fracture seen on CT scanning, one

displaced lateral cricoid fracture with a palpable
malalignment, and one displaced thyroid cartilage
fracture. The patient with the malaligned cricoid
fracture had been seen in the emergency room and
was discharged without evaluation by our service.
He presented in the Otolaryngology Clinic almost
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four weeks later complaining of a permanent voice

change. Indirect laryngoscopy revealed a subglottic
bulge and a shortening of the vocal cord on the in
volved side. The patient with the thyroid cartilage
fracture complained of hoarseness only, and he was

found to have a midline fracture that not only wid
ened the anterior commissure, but also put his vocal
cords at different levels.

DISCUSSION

Strangulation results from pressure on the neck as

part of a suicidal, homicidal, accidental, or judicial
event. 12 Determinants of the length of time until
death include method of pressure application,
amount of force used, and duration of application
of Iorce.!" Death from strangulation has been at
tributed to injury of the spinal cord and brain stem,
mechanical constriction of the neck structures, and
cardiac arrest due to stimulation of the carotid sinus
or pericarotid sympathetic and parasympathetic
networks. 14 Whereas upper cervical spine fractures
and transection or damage of the spinal cord were

common with judicial hangings, such injuries are

unusual in the other forms of strangulation, in

cluding suicidal hanging. S,9 It is presently unknown
whether arterial occlusion, venous occlusion, or

asphyxia plays the greatest role in producing death
from these other forms of strangulation. 12

In our review of 112 victims of death by strangu
lation and 59 survivors of strangulation attempts,
only one case was found with an airway injury that
could definitely be described as life-threatening
itself. This patient, the hanging victim with the
laryngotracheal separation, was the only one with
serious internal disruption of the laryngotracheal
apparatus. Most suicidal hanging victims either
place the ligature too high on the neck to damage
the larynx or jump from heights too low to create

high velocity compressive forces that will seriously
disrupt the larynx. Manual strangulation, choke
holds, and ligature strangulation all involve a force
that is static in nature in that the instrument of ap
plication is in contact with the neck before the force
is applied. Although it is possible that some nonsur

vivors may have developed delayed edema and air

way problems had they survived the initial assault,
it appears that most strangulation victims suffer
laryngeal injuries similar to those created by Travis
et al" in their static force tests. These tests showed
that low velocity forces can cause serious thyroid
and cricoid cartilage fractures without causing
gross crepitance, internal mucosal tears, or compro
mise of the airway. Therefore, cartilage fractures
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may occur but they are unlikely to cause acute air

way obstruction after release of the compressive
force. Hyoid bone fractures may be accompanied
by pharyngeal and supraglottic edema, but again
this should not be severe enough to be life-threaten
ing by itself.

Age and degree of calcification in the thyroid car

tilage have been considered as very important fac
tors in determining whether a strangulation victim
suffers a laryngeal fracture.P" However, victims in
our forensic series under the age of 30 were as likely
to have a laryngeal fracture as the older victims. In
our clinical series, the three victims who suffered
fractures due to throttling were all under 23 years of
age. It appears that the method of strangulation
was the most important determinant of laryngeal
and hyoid bone fractures in both survivors and non

survivors. In particular, throttling or manual stran

gulation was most commonly responsible for these
injuries. Of interest is that most nonsurvivors of

throttling were female and most survivors male.
Although the numbers for comparison are small, it
is possible that the laryngeal fracture occurred in
both sexes during the initial application of compres
sive force to the neck. Whereas males were able to
break their assailant's grip, females were not, and
they then succumbed to asphyxia or prolonged vas

cular occlusion.

Strangulation injuries should be evaluated with
more caution than other forms of blunt trauma to
the larynx. It is clear that emergency room physi
cians and physicians handling the medical and psy
chiatric problems of these patients have a low index
of suspicion for laryngeal injuries because they
usually do not manifest as the patient's major life
threatening problem. Although injuries that will
lead to chronic laryngeal stenosis are unlikely to oc

cur, some survivors of strangulation may suffer in

juries that will cause permanent voice change if left
unrepaired. We therefore favor an aggressive ap
proach to rule out an injury to the laryngeal skele
ton in these patients, and routinely use CT scanning
for any case that exhibits more than very mild ede
ma on indirect examination. Not only is the patient
better served, but also the consulting otolaryngolo
gist is protected from becoming a central figure in
the legal proceedings that frequently develop from
these cases. Additionally, the otolaryngologist may
be called upon as an expert witness to testify in such
personal injury suits or criminal proceedings. Ex

pert testimony requires familiarity with the various
forms of strangulation and their potential for laryn
gotrachealinjury.
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ANTERIOR COMMISSURE LARYNGOPLASTY FOR ADJUSTMENT
OF VOCAL FOLD TENSION

HARVEY M. TUCKER, MD

CLEVELAND, OHIO

An anterior commissure laryngoplasty with placement of a tantalum splint has been employed to adjust vocal fold tension in nine
cases. As originally described, the procedure was designed only to tighten flaccid vocal folds. The technique has been modified, however,
to allow loosening of tension in tight vocal folds. All nine cases have been successful, at least to some extent, and have shown no significant
complications. The details of the procedure and a general discussion of selection and management of patients are included. This procedure
may provide relatively safe and effective adjustment of vocal pitch as well as strengthening the voices of patients with flaccid vocal folds.

KEY WORDS - anterior commissure laryngoplasty, vocal fold tension, vocal pitch.

A recent development in laryngeal surgery' has
made surgical management of flaccid larynges pos
sible. Until now, the management of patients whose
vocal cords had become lax, whether as a result of

age, muscle wasting, incompletely recovered stroke,
or conditions resulting in generalized weakness such
as myasthenia, presented a singular problem for the

otolaryngologist. Teflon injections, which are effec
tive in complete paralysis, are subject to unwanted

migration if placed into even partially mobile vocal
cords due to the milking action of muscular contrac

tion. Appropriate speech therapy has helped to im

prove breath support, but it is often tedious and of
limited use in severe cases. A reliable means of in

creasing or decreasing resting tension in the vocal
folds could clearly help such patients.

A new technique to accomplish these ends has
been described recently by Lejeune et al .' The
author has modified and performed this procedure
in nine cases, in which sufficient follow-up is avail
able to evaluate success or failure.

SUBJECTS
Nine patients (five men and four women) met the

criteria for performance of this procedure. Four of
the men had flaccid vocal folds for various reasons,
and all had not recovered despite extensive voice

therapy. One had a very high-pitched voice, which
had failed to mature at puberty. Of the four
women, two had flaccid vocal folds and the other
two were male-to-female gender reassignment pa
tients whose voices remained low-pitched except
during conscious falsetto efforts. All nine patients
were counselled regarding the experimental nature

of the surgery involved. No promises of short- or

long-term success were made. Preoperative and
postoperative voice recordings were obtained in all
cases.

TECHNIQUE
The procedure was performed under general

anesthesia. The anterior neck was prepared and
draped for sterile surgery. A transverse incision was

made in a skin crease at about the midpoint of the
thyroid cartilage. The strap muscles were exposed
and separated in the midline. An inferiorly based
vertical flap was outlined on the perichondrium of
the thyroid cartilage, straddling the midline (Fig

A B c o E
Fig 1. Lejeune's technique using inferiorly based cartilage flap. A) Flap containing point of attachment of Broyle's ligament as

originally described. B) Elevation of external perichondrium lateral to flap. C) Elevation of inner perichondrium and soft tissue to

allow advancement of flap with attached vocal folds. D) Placement of tantalum shim. E) Placement of shim seen from above. Note
anterior displacement of attachment of vocal folds.

.
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A B

lA). This was completed through the thyroid carti

lage using either a knife or an oscillating saw, as re

quired by the degree of calcification of the carti

lage. Once the-saw cut was completed, a Freer ele
vator was used to undermine the external (Fig IB)
and internal perichondrium lateral to the cartilage
cuts (Fig 1 C). The internal attachment of the anter

ior commissure (Broyle's ligament) remained with
I the anterior cartilage flap when it was displaced

and thus transmitted tension to the vocal folds. The

flap was then moved anteriorly and held in this

position by insertion of a previously adapted shim of
tantalum placed between the posterior aspect of the

flap and the anterior edges of the remaining thyroid
alae (Fig ID). The lateral wings of the shim were

inserted beneath the reflections of external thyroid
perichondrium to hold it in place (Fig IE). The
wound was then closed in the usual way after place
ment of a drain. No antibiotics were necessary since
the interior of the larynx was not usually entered.

Tracheotomy has not been required.
The technique of Lejeune et al '

was modified in
two ways. The first modification was to base the
flap superiorly (Fig 2A). Because the inferior border
of the thyroid cartilage is generally two to three
times as thick as the superior one, this maneuver re

sulted in significantly greater anterior displacement
than the original technique (Fig 2B). The second
modification, which was applied only in the man

who required deepening of vocal pitch, was to dis

place the thyroid cartilage flap into the larynx, thus

decreasing tension on the vocal folds.
RESULTS

There were no surgical complications in any of
these patients. None of the patients felt their voice
had deteriorated as a result of the surgery. All those
patients in whom the surgery was carried out be
cause of flaccidity experienced immediate improve
ment in loudness and clarity and a decrease in

breathiness, diplophonia, and air escape. Of these,
three have maintained this improvement for at least
6 months. Another two noted gradual deterioration
of the initial improvement over a 1- to 3-month
period (Fig 3). One of these has had the modified

Fig 2. Modification of original
technique showing A) shim placed
below anterior commissure and B)
comparison with original tech

nique (right). Note difference in
anterior displacement (arrows)
because of greater thickness of in
ferior aspect of thyroid cartilage.

inferiorly based flap operation again, leaving the

previously placed shim in position. Although current

follow-up is only 6 months, he shows significant im

provement as a result of the secorid procedure. Three
of the women have been followed long enough to

determine that they have retained the initial good
results. One of them was operated upon using the

original technique. Another, who was a male-to
female sex-change patient, underwent the superior
ly based flap modification and retains an excellent
result 6 months after surgery. Her resting pitch has
risen noticeably, with no need to maintain falsetto
voice and with continued clarity. The remaining
man had an attempt at lowering his pitch. Although
his voice still fluctuates, he reports that the pitch is
lowered considerably most of the time.

DISCUSSION

Due to limited case experience, few, if any, firm
conclusions can be drawn. It would appear that,
especially with its more recent modifications, this
procedure offers promise for improved manage
ment of patients with flaccid vocal folds. It may be
even more useful in patients who desire modifica
tion of basic vocal pitch, although the number of
such individuals is probably limited.

The tendency for patients operated upon because
of flaccidity to regress after initial success suggests
that simple increase in resting tension may, in time,
fail. The increased vocal fold tension is apparently

Fig 3. Vocal folds of patient previously operated on by
original technique who had recurrence of vocal cord flac
cidity. A) Before second operation, B) after reoperation
and placement of inferior shim.
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ultimately absorbed by worsening flaccidity of the
tissues. For this reason, we are now recommending
the superiorly based, thicker cartilage flap for all
such cases, since it seems unlikely that they can be
overcorrected.

A new technique for changing tension in the vocal
folds offers promise for improved management of

patients with flaccidity or those who desire changes
in basic vocal pitch. Early results include effects of
two modifications of the original technique.
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NASAL SURGERY IN THE MANAGEMENT OF SLEEP APNEA

VIJAY S.- DAYAL, MB, FRCS(C)
TORONTO, CANADA

ELIOT A. PHILLIPSON, MD, FRCP(C)

We present our experience with short- and long-term beneficial results obtained from surgery of the nasal valve area in carefully
selected patients with obstructive sleep apnea (OSA). In six cases reported here, surgical treatment resulted in subjective improvement in

snoring and daytime somnolence. Objective improvement was noted in three patients who had nasal valve area obstruction. Although the
role of surgery in patients with mild OSA needs further assessment, surgical correction of nasal valve area obstruction in patients with
moderately severe to severe OSA appears clearly indicated.

KEY WORDS - nasal surgery, obstructive sleep apnea.

In 1877 Broadbent' described what is now recog
nized as obstructive sleep apnea (OSA): "When a

person, especially advanced in years, is lying on his
back in heavy sleep and snoring loudly, it very com

monly happens that every now and then the inspira
tion fails to overcome the resistance in the pharynx,
of which stridor or snoring is the audible sign, and
there will be perfect silence through two, three, or

four respiratory periods, in which there are ineffec
tual chest movements; finally air enters with a loud
snort, after which there are several compensatory
deep inspirations . . ." Osler" described the triad of
obesity, hypersomnolence, and hypoventilation as

the "Pickwickian syndrome." Burwell" recognized
that hypoventilation could lead to cor pulmonale,
and in 1966, Gustaut et al" noted that some of these
patients developed apneic periods during sleep.
Since that time considerable medical interest and
research in OSA have resulted in improved under
standing of its mechanism and treatment. S.6

Essentially, there are two important elements in
the pathogenesis of OSA - one related to upper air

way function and the second related to upper air

way anatomy." In general terms oropharyngeal col
lapse occurs when the subatmospheric pharyngeal
pressure generated during inspiration exceeds, by
some critical amount, the stabilizing forces gener
ated by contraction of the dilator and abductor
muscles of the upper airway. 7 Three related physio
logical elements - the size of the oropharyngeal lu
men, the activity of the oropharyngeal dilator and
abductor muscles, and the airflow resistance up
stream to the oropharynx - interact to determine
the degree of subatmospheric airway pressure gen
erated during inspiration and the ability of the soft
tissues to resist collapse by this pressure.

It has long been recognized that a minority of pa
tients with OSA have obvious anatomical abnor
malities of the upper airway that predispose to air

way closure during sleep, including micrognathia,

retrognathia, and adenotonsillar hypertrophy. 8-10

More recently several techniques, including CT

scanning, fluoroscopy, cephalometric radiography,
and acoustic reflection measurements of the phar
yngeal areall-13 have demonstrated that even in the

majority of patients without obvious anatomical
abnormalities of the upper airway, there is a subtle
but demonstrable narrowing of the oropharyngeal
lumen. Whereas this mild degree of upper airway
narrowing may be of little consequence during
wakefulness, it has considerable impact during
sleep when there is a physiological reduction in up
per airway muscle activity.:" Thus OSA may be
considered to arise from the interaction of a de
crease in upper airway muscle activity during sleep
superimposed on a structurally small airway lumen,
thereby allowing the generation of a critical air

way-collapsing pressure. Agents such as alcohol or

sedatives that exaggerate the reduction in upper air

way muscle tone during sleep aggravate the tenden
cy for upper airway collapse, and can induce OSA
in susceptible individuals.1s-18

Of importance in the generation of a critical air

way-collapsing pressure is the airflow resistance up
stream to the oropharynx, particularly that of the
nose. Increased nasal resistance results in the gener
ation of a more subatmospheric pharyngeal pres
sure during inspiration, as the strength of diaphrag
matic contraction is increased to move air through
the narrowed nasal lumen. Thus it is not surprising
that a high nasal resistance predisposes to OSN9.20
and, that in our experience, significant nasal dis
ease, including rhinitis, deviated nasal septum, and
nasal valve obstruction is found in over half the pa-

-

tients with OSA.
-

The treatment of OSA may be grouped under
medical and surgical management. Medical man

agement includes weight reduction in obese pa
tients.21-23 Pharmacologic agents such as respiratory
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TABLE 1. SUMMARY OF PATIENT DATA

Follow-Up Subjective
Patient Age (yr) Sex Period (mo) Improvement Area oj Obstruction

22 M 44 Yes Nasal valve
2 67 M 37 Yes Nasal valve
3 53 M 4 Yes Nasal valve
4 51 M 6 Yes Marked DNS (posterior)
5 43 M 6 Yes Nasal valve
6 43 M 7 Yes Moderate DNS (posterior)
DNS - deviated nasal septum.
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stimulants have produced equivocal results.24.25 Pro

triptyline, a tricyclic antidepressant, has been found
to produce significant improvement over the long
terrrr." Supplemental oxygen requires further eval
uation, because in some patients it has produced
beneficial results;" while in others it has prolonged
OSA.28 More recently continuous positive airway
pressure administered through the nose has been
found effective in severe OSA.29.30 Also found effec
tive is expiratory positive airway pressure adminis
tered through the nose or mask."

In susceptible individuals alcohol and sedatives
have been shown to produce or aggravate upper air

way obstruction. 16.18.32 Nasopharyngeal airway"
and tongue-retaining devices" have shown benefi
cial results in some patients, but they are poorly tol
erated, and further long-term studies are required.

Many surgical procedures have been described.
Tracheostomy, effective in treatment of OSA,35-39 is
reserved for severe cases where conservative treat

ment has failed; it is not without complications":"
and is not very acceptable for cosmetic and psycho
logical reasons. Surgical procedures on obstructive
disease in various areas of the upper respiratory tract

have shown beneficial results. These include hyoid
bone sectioning;" mandibular osteotomy,

41 mandib
ular advancement in retrognathic patients;" adeno
tonsillectomy, 10.43 nasopharyngeal stenosis;" uvulo

palatopharyngoplasty.i":" and nasal surgery.">" This

paper reviews our experience with the role of nasal
surgery in patients with OSA.

MATERIAL AND METHODS

In all, seven patients with OSA have undergone nasal surgery.
The six of these patients for whom we have follow-up sleep studies
are reviewed in this paper. The age range of patients, all men,
was 22 to 67 years, and the follow-up period ranged from 4 to 44
months (Table 1). All patients had undergone an overnight sleep
study in which the EEG, electro-oculogram, submental electro-

myogram, and ECG were recorded using standard techniques'",
respiratory movements of the rib cage and abdomen and tidal vol
ume were measured with a respiratory inductive plethysmograph
(Respitrace, Ambulatory Monitoring, Ardsley, NY); and arterial
oxygen saturation was measured with an ear oximeter (model
47201A, Hewlett Packard, Waltham, Mass). All variables were

recorded continuously on a polygraph (model 78, Grass Instru
ments, Quincy, Mass). Obstructive sleep apneas were identified
as an absence of tidal volume excursion of at least 10 seconds' dur
ation, during which there were unequivocal paradoxical move

ments of the rib cage and abdomen. 53

Four patients had nasal valve area obstruction, and one had
marked deviation and another moderate deviation of the nasal
septum posterior to the nasal valve area. The nasal valve area ob
struction was caused by anterior septal deviation in the area of the
valve in all four, with a narrow anterior nares in one, and promi
nent medial crura of the lower lateral cartilage in another. All pa
tients underwent correction of the deviated septum. In the one

patient with prominent medial crura blocking the anterior nasal
airway, the medial crura were dissected and sutured to narrow

the wide columella. This opened the airway at the anterior nares.

In the second patient, who had a slitlike opening of the anterior
nares, an incision was made inferiorly in the skin to open this nar

rowing and Silastic sheeting was used to keep, the area open; in
addition an anterior septoplasty was carried out. One patient
with nasal valve area obstruction had two previous septoplasty
operations at another hospital. A cartilage implant used to sup
port the nasal tip accounted for part of the valve area obstruction,
and this was removed in addition to the revision septoplasty. On

completion of surgery a nasopharyngeal airway was placed in
each nostril and nasal packing was applied around these tubes.
This eliminated the risk of severe sleep apnea, which may result
from blockage of both nostrils if both nostrils were packed in the
conventional way with nasal packing. Postoperatively the pa
tients were monitored in the intensive care unit for a day.

FINDINGS AND DISCUSSION

In all six patients there was subjective improve
ment in snoring and daytime somnolence (Table 1).
Objective improvement as determined by the sleep
study occurred in three of the six patients (Table 2).
All three patients who showed objective improve
ment had nasal valve area obstruction. One patient
with nasal valve area obstruction did not show ob
jective improvement; this patient had undergone

TABLE 2. PREOPERATIVE AND POSTOPERATIVE SLEEP STUDY RESULTS

Apnca-Htjpopnca In- Mean Apnea Mean Mocemcut
dcx (No. lit ojslcep) Duration (8) Nocturnal Sa02 % Arousal/It

Patient Prcop Postop Preop Postop Prcop Posiop Prcop Postop

85 26 36 17 82 95 21 6

2 52 15 35 24 93 95 37 8

3 46 16 22 25 94 94 29 20

4 59 53 26 53 94 91 46 46

.5 27 38 24 21 98 98 31 32

G 12 21 20 22 96 95 14 27

SaO, - arterial oxygen saturation.
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two previous septoplasty operations. Two patients
with posterior septal deviation, one severe and one

moderate, did not show objective improvement. An
inference which may be drawn from this is that
nasal valve area obstruction plays a more critical
role in the development of OSA than nasal septal
deviation posterior to the nasal valve area. This re

quires further review. Another pertinent observa
tion is that in three of the four patients with moder
ate to severe OSA who showed objective improve
ment, the obstruction was in the nasal valve area.

The other two patients who did not show objective
improvement had mild OSA - one had obstruction
in the nasal valve area and one in the posterior part
of the septum. Both of these patients showed subjec
tive improvement. The role and indication of sur

gery in patients with mild OSA needs further assess

ment. It is of interest that the oropharyngeal airway
was found to he narrow in one of the six patients. It
is in this one patient with nasal valve area obstruc
tion that nasal surgery did not produce objective
improvement.

The follow-up period indicates long-term benefi
cial results from nasal surgery (Table 1). The surgi
cal correction of nasal valve area obstruction in pa
tients with moderately severe to severe OSA appears
clearly indicated from this limited study. It may be
worthwhile pointing out that nasal valve area ob
struction may be missed on clinical examination if
one relies solely on the examination of the nose with
a nasal speculum. The speculum often will open up
the anterior nasal obstruction, which then can be

easily missed. A simple method is to have the pa
tient breathe out on a metal tongue depressor. The
condensation produced by the expired air on the

tongue depressor often gives a reasonable indication
of the nasal airflow and obstruction. This combined
with examination with a nasal speculum is impor
tant in the clinical evaluation of nasal valve area

obstruction.

The term nasal valve was used by Mink in 1920 to

describe the main site of nasal resistance; he placed
this at the junction of upper and lower lateral carti

lages." Van Dishoeck's" finding also confirmed this
as the site of main resistance. Bridger and Proc
tor56.57 found a progressive increase in resistance
over the first 2 em or so of the nose; 'beyond this area

they found only slight further resistance. A similar

conclusion about the main area of resistance was

reached by Haight and Cole;" who further felt that
the greater portion of resistance was situated at the
level of the anterior end of the inferior turbinate
within the bony cavum. Our use of the term nasal
valve area is in keeping with the description of Bridger
and Proctor. 56.57 The improvement in OSA in our

patients who had undergone airway correction of
the nasal valve area confirms the findings of Bridger
and Proctor and Haight and Cole, 58 and emphasizes
careful assessment and management of this area in

patients with �SA. This assumes greater signifi
cance when one considers the fact that the nose has
a higher resistance than the combined resistance of
the remainder of the respiratory airways. 59-61

Beneficial effects of nasal surgery on OSA have
been reported by others. 49.50 Lavie et al" found sub
jective improvement in daytime somnolence and qual
ity of nocturnal sleep in 12 of 14 patients. In seven

of nine patients polysomonographic studies sub
stantiated subjective improvement. The follow-up
period was from 1 to 4 months. Breathing disorders
in sleep and OSA have been described in patients
with allergic rhinitis.20.62 McNicholas et apo con

cluded that in patients with allergic rhinitis, OSAs
were longer and more frequent during a period of

symptomatic nasal obstruction than when symp
toms were absent. Their findings further support the
concept that a high nasal resistance is a contributing
factor in the pathogenesis of OSA in some patients.

Uvulopalatopharyngoplasty in the management
of OSA has been reported extensively.45-48 Narrow

ing of the oropharyngeal lumen is seen clinically in
some patients, and in some others in whom it is not

clinically obvious, subtle narrowing of the oropha
ryngeallumen has been demonstrated with the use

of several investigative techniques.P'" Objective
improvement has been reported in 50 % to 75 % of
patients who underwent this operation. The long
term prognosis for this surgery is not known. 47

These reports together with our own findings in
dicate that in many patients there is an anatomic
basis for OSA. A careful assessment and manage
ment of any existing obstruction should be under
taken. It is important that careful records of all
data from these cases be maintained so that a ra

tional approach for surgical management of some of
these patients may be developed.
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Eighteen paragangliomas of the head and neck (11 carotid body tumors, four glomus tympanicum tumors, three glomus jugulare
tumors) were studied retrospectively. Tissue from each of these tumors was immunostained for the presence of serotonin, a variety of
neuropeptide hormones, and the enzyme neuron-specific enolase (NSE). Seven tumors were studied by electron microscopy. The clinical
and laboratory records were reviewed for evidence of endocrine activity or metabolic imbalance. All tumors displayed diffuse and intense

immunostaining for NSE. In addition, a wide variety of hormonal substances could be identified. Those most frequently demonstrated
were serotonin and leu-enkephalin. Ten of the 11 carotid body tumors demonstrated immunoreactivity for multiple hormones. By electron
microscopy all tumors contained a heterogeneous population of membrane-bound neurosecretory granules. None of these tumors was

associated with a clinically apparent endocrine syndrome. We conclude that paragangliomas of the head and neck are neuroendocrine
tumors that are capable of synthesizing a variety of hormonal substances. These hormonal substances rarely elicit a clinically apparent en

docrine or metabolic imbalance. All of the tumors demonstrated immunostaining for NSE. Future studies on serum levels of NSE may pro
vide useful diagnostic and follow-up data.

KEY WORDS - diagnostic markers, neuroendocrine tumors, neuron-specific enolase, paragangliomas, serotonin.

INTRODUCTION

Developments in the field of surgical oncology have
led us to recognize that a variety of tumor products
can be used as diagnostic markers. Among the neo

plasms that have been studied extensively in this re

gard have been neuroendocrine tumors (apudomas)
whose characteristic cell products, neuroamines
and neuropeptides, have become useful markers. 1

Recently, we have recognized that neuron-specific
enolase (NSE), a glycolytic enzyme, is also a charac
teristic marker of neural and neuroendocrine differ
entiation," and NSE determinations have become
another valuable means of identifying and follow

ing the course of these tumors.

Over the last decade we have become aware that
the majority of neuroendocrine neoplasms are clin
ically silent with respect to their known neuroendo
crine products. Nevertheless, these same tumors

may secrete hormones and/or release NSE which

may be detectable by sophisticated assays."

Paragangliomas of the head and neck comprise a

group of neuroendocrine neoplasms better known
to otolaryngologists as carotid body and glomus tu

mors. This study is a retrospective analysis of re

sected carotid body and glomus tumors undertaken
to identify by immunocytochemistry their hormonal
content and document the presence of NSE immu

noreactivity. As such, it is an assessment of the neu

roendocrine products of these tumors; blood levels

of these same substances may be used in future
studies as diagnostic aids, and as possible indicators
of tumor burden.

MATERIALS AND METHODS

Eighteen paragangliomas of the head and neck, resected be
tween 1973 and 1983, were available for this study. Eleven were

identified as carotid body paragangliomas, four as glomus tym
panicum tumors, and three as glomus jugulare tumors. The rec

ords of these 18 patients were reviewed for clinical evidence of a

metabolic imbalance or "ectopic" hormone production (reversible
hypertension, etc), and to determine whether these tumors subse

quently developed recurrent local or metastatic disease. The files
were also reviewed for the presence of other associated tumors.

At the time of resection, tissues were fixed in 10 % formalin or

Bonin's solution. Paraffin-embedded tissue was sectioned and
stained with hematoxylin and eosin (H & E). Additional sections
were obtained for the purpose of this study. Each tissue section
was immunostained for NSE and the hormone substances under

study using the peroxidase-antiperoxidase method of Sternberger. 1

Neuron-specific enolase antibody was obtained commercially
(Polysciences Inc). Antibodies to ACTH, bombesin, calcitonin,
HCG, leu-enkephalin, alpha-MSH, serotonin, somatostatin, sub
stance P, vasopressin, VIP (Irnmunonuclear Corp), glucagon
(Calbiochem Behring), gastrin, and insulin (Dakopatts) were also

commercially obtained. The methods and actual dilutions of the

primary and secondary antibodies are discussed in detail else
where." To visualize the microscopic localization of immunoreac

tivity 3'3-diaminobenzidine (Aldrich Chemical Co) was used as a

chromagen.
Positive controls were provided by using tissues known to pro

duce the hormone under study. Negative controls were performed
by omitting the primary antibody and substituting nonimmune

serum. Preabsorption of the primary antibody with purified anti

gen provided an additional negative control.
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At the time of resection, seven of these tumors were sampled for

subsequent ultrastructural studies. Tissue samples were diced,
fixed in s-collidine-buffered 2 % glutaraldehyde, washed in the
same buffer, postfixed in 1 % osmium tetroxide, dehydrated in

graded ethanols, and embedded in Epon. Thick sections were

stained with toluidine blue. A Phillips EM 300 transmission elec
tron microscope was used to examine the thin sections.

RESULTS

Clinical and Gross Pathological Data. None of
the 18 patients had any tumor-related hypertension
nor other evidence of an endocrine or metabolic ab

normality. One patient had bilateral carotid tumors

which presented asynchronously (3 years apart).
None of the patients had any associated neoplasms
(pheochromocytoma, gastric leiomyoma, etc); in no

case was there a familial incidence of paragangliomas.
The tumors ranged in size from 0.3 to 6.5 ern; no

nodal metastases were demonstrated. Seventeen of
these tumors have so far behaved in a benign fashion.
In a follow-up ranging from 15 months to 10 years,
two glomus tumors had a local recurrence, and one

of the carotid body paragangliomas developed pul
monary metastases from which the patient subse

quently died.

Conventional Stains. Upon reviewing the mater

ial, the original diagnosis was confirmed in every
case. By routine H&E staining, all tumors demon
strated the classic Zellballen pattern (Fig lA).

Immunohistochemical Staining. All cases showed
areas of intense and diffuse immunostaining for
NSE (Fig IB). In four tumors, however, focal areas

failed to stain. The distribution and intensity of
NSE immunostaining could not be convincingly
correlated with hormonal immunoreactivity.

There was marked heterogeneity among these tu

mors with regard to hormonal immunostaining.
The most frequently demonstrable hormonal sub
stances were serotonin, present in 13 cases (Fig LC),
and leu-enkephalin, present in ten cases (Fig ID).
These were followed, in order of frequency, by gas
trin, substance P, and VIP, each present in seven

cases, somatostatin in five cases, bombesin, alpha
MSH, and calcitonin, each present in two cases.

Ten of the 11 carotid body tumors demonstrated

immunoreactivity for multiple hormones. Serial tis
sue sections stained sequentially suggested that mul

tiple hormones were present within single cells.

Electron Microscopy. Tumor cells were arranged
in well-defined, solid clusters. The individual cells
were large; the nuclei displayed occasionally deep
indentations of the nuclear membrane. The cyto
plasm showed abundant organelles including mito

chondria, prominent profiles of rough endoplasmic
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reticulum, and lysosomes. The dominant feature
was the presence of single membrane-bound neuro

secretory granules, which varied markedly in size,
configuration, and electron density of their cores.

The neurosecretory granules most frequently ob
served were large (200 to 400 nm) with an eccen

tric, dense core and a prominent semilunar halo.
Smaller granules with cores of variable density and
even halos were also seen, often coexisting with the
former granules within single cells (Fig 2).

DISCUSSION

Speculation that carotid bodies (from which
carotid body paragangliomas presumably derive)
had endocrine properties was first advanced over a

century ago." The notion that carotid body para
gangliomas also had endocrine properties was sup
ported by the histologic features shared with func
tioning paragangliomas located elsewhere (ie, pheo
chromocytomas). Additional evidence for this view

point came from the observation that carotid body
paragangliomas occasionally do present with tumor
related hypertension" as a syndrome of ectopic neuro

amine hormonal secretion. Subsequent histological,
histochemical, and ultrastructural studies have
shown that all paragangliomas display hallmarks of
neuroendocrine differentiation." Formalin-induced
fluorescence studies have shown that these tumors
contain catecholamines and serotonin.":" Over the
years, evidence has accumulated suggesting that
these tumors may also contain neuropeptides.1o•11
Our study demonstrates that there is indeed an en

tire spectrum of neuropeptide hormones present in
most if not all of these tumors.

Most of these tumors demonstrated immunohisto
chemical staining for multiple hormonal substances.
This leads us to believe that branchiomeric para
gangliomas are considerably more complex than in

itially thought. In fact, the results of immunostain

ing serial tissue sections suggest that more than one

immunoreactive hormone may be present within a

given cell at the same time. The identification of
multiple populations of neurosecretory granules,
which are presumed to be the intracellular storage
form of these hormones, supports this conclusion.
This phenomenon has been demonstrated in other
neuroendocrine tumors. 4.12

Despite the fact that all of these tumors demon
strated features of neuroendocrine differentiation,
none of our patients presented with a clinically ap
parent syndrome of tumor-related hypertension or

other hormonal imbalance. Several possibilities ex

ist to explain this apparent discrepancy. First, these
hormonal substances were identified on the basis of
their immunoreactivity, not biological activity.

"Fig 1. Immunohistochemical staining of paragangliomas of head and neck. A) Carotid body paraganglioma, demonstrating
classical Zellballen pattern (H&E, original x350). Clusters of tumor cells are separated by delicate fibrovascular stroma. B) Glomus
tympanicum paraganglioma showing intense and diffuse immunostaining for NSE (PAP, original x650). Note variable intensity of
staining. C) Carotid body paraganglioma demonstrating intense immunoreactivity for serotonin in clusters of tumor cells (PAP,
original x650). Surrounding stroma fails to stain. D) Carotid body paraganglioma with solitary cell immunostaining for leu
enkephalin (PAP, original x650). Note cell process extending between adjacent tumor cells.
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Thus, these hormonal substances may be .secreted in
a form that is either inert or of very low bioactivity.
Second, the intracellular secretory apparatus may
be faulty so that the hormonal substances cannot be
readily released into the systemic circulation. Third,
the hormonal substances may be secreted in a bio
logically active or inactive state, but in such trace
amounts that they fail to elicit the expected target
organ response. And, alternatively, multiple sub
stances synchronously secreted may have antagonis
tic functions and thus nullify each other. Which, if

any, of these explanations or other possible alterna
tives is true, remains to be determined; however, if
these hormone substances are secreted, even in trace

amounts, they may be valuable biochemical indica
tors of tumor activity.

I

Fig 2. Electron micrograph of ca

rotid body paraganglioma show
ing neoplastic cells with numerous

neurosecretory granules (original
x13,000). Inset - neurosecretory
granules with eccentrically lo
cated electron-dense core, sugges
tive of norepinephrine storage
(original x22,000).

Neuron-specific enolase is a glycolytic enzyme
that has been identified in neural and neuroendo
crine cells.' As such it has been heralded as a specific
marker of neuroendocrine differentiation. Although
immunoreactivity for NSE has recently been dem
onstrated in nonneuroendocrine cells, 13 it remains a

very good marker for neuroendocrine differentia
tion. All branchiomeric paragangliomas in this
study demonstrated immunoreactivity of NSE. As a

frequently expressed substance, NSE is a very likely
candidate to become clinically useful as a tumor
marker. In fact, several reports have already ap
peared attesting to the value of serum NSE levels in
neuroendocrine tumors from other sites.14-16 The
role of serum NSE levels in assessing paraganglio
mas has yet to be determined.
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Twenty-five previously untreated patients with selected early midcordal squamous cell carcinomas have been treated by endoscopic
excisional biopsy with the carbon dioxide laser and followed for a minimum of 3 years. Twenty-four of the 25 patients are alive and free of
disease, and one patient died of local and regional recurrence 2 years after attempted endoscopic excision followed by partiallaryngec
tomy. Indications, contraindications, advantages, and complications associated with this treatment option for patients with early glottic
carcinoma are discussed.

KEY WORDS - carbon dioxide laser, excisional biopsy, glottic carcinoma, laryngofissure and cordectomy, radiation therapy.

INTRODUCTION

The family of T1 glottic carcinoma consists of ear

ly cancers confined to one or both true vocal cords
where the depth of invasion of the cancer is not suf
ficient to cause fixation of the true vocal cords. The
extent of disease, then, is variable, and the treat

ment plan must be individualized for each patient.
External beam radiation therapy, laryngofissure

and cordectomy, and endoscopic excision with or

without the carbon dioxide laser are three of the
more commonly used treatment options for the

management of patients with T1 glottic carcinoma. 1

Of the three, laryngofissure and cordectomy has
been more commonly reserved for patients with

large of bulky cancers on mobile vocal cords. This

option offers the patient local control rates equiva
lent to radiation therapy; however, entering the lar

ynx with excision of the involved vocal cord perma
nently alters voice quality. 2 Radiation therapy and

endoscopic excision have been used to treat patients
with these same large or bulky lesions as well as pa
tients with both microcancers (1 to 2 mm) and mini
cancers (3 to 5 mm).

External beam radiation therapy still is the most

commonly prescribed treatment for patients with

early glottic cancer. After direct laryngoscopy and

biopsy of the suspicious lesion have confirmed the

diagnosis of squamous cell carcinoma of the true

vocal cord, radiation therapy is typically delivered
to the patient in doses ranging from 5,600 to 6,500
rad over 51/2 to 61/2 weeks. Local control rates with
this form of therapy are approximately 90 % .3

Endoscopic excision of early vocal cord cancers is

not a new concept. In 1920 Lynch" presented the
first nine of an eventual 39 cases of glottic carcino
ma managed this way. New and Dorton" in 1941 re

ported on ten of 11 patients they were able to follow
who had been managed by endoscopic excision of
their early glottic cancer; nine patients were sue

cessfully cured of carcinoma. In 1971 Stutsman and
McCavran" reported their review of serially sec

tioned specimens from patients who had had laryn
gofissure and cordectomy operations for T1 glottic
carcinoma; they discovered 11 specimens where
there was no tumor in the cordectomy sections and
concluded that the biopsy alone had successfully
treated, these cases. The modern concept of endo

scopic excisional biopsy evolved from their realiza
tion of the potential for overtreatment of certain

early midcordal glottic carcinomas." In 1972 Strong
and Jako" reported a case of bilateral carcinoma in
situ managed endoscopically with the C02 laser.
Each cord was treated separately and the authors
cautioned that "prolonged follow-up will be neces

sary to determine if the disease has been arrested."
Lillie and Debanto" in 1973 reported on 57 patients
with early squamous cell carcinoma of the true vo

cal cord and 41 patients with in situ carcinoma of
the vocal cord managed by endoscopic excision and

surgical diathermy. Although none of their patients
died of laryngeal carcinoma, five developed recur

rent or second primary tumors; four were success

fully re-treated by endoscopic excision, and the fifth

required laryngectomy 8 years after the initial en

doscopic excision.

In 1975 Strong'? reported on 11 patients with TI

glottic carcinoma managed by endoscopic excision
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with the C02 laser; no recurrences were noted in this
first reported series of patients with glottic carcino
ma managed by endoscopic laser excision. Three
patients in this group had had prior radiation thera
py. Blakeslee et al!' in 1984 further reported on the
experience of Strong and his colleagues using the
C02' laser in managing patients with Ti glottic car

cinoma. The concept of endoscopic excisional biop
sy and attempted endoscopic excisional biopsy (pos
itive deep margins) requiring "the absolute need for
further treatment" was clearly defined in this paper
and represented a major contribution to the man

agement of patients with early glottic carcinoma.
Of the 98 patients presented in this series, 68 with
squamous cell carcinoma were treated primarily by
endoscopic excision with the C02 laser; five of these
patients required a second endoscopic excision for
metachronous tumors. Results in this series of 68 pa
tients (73 cases) were presented as 3-year absolute
survival figures (88 % ). Endoscopic excision alone
was used in 35 cases with successful management in
31 (89 % ); two patients were salvaged with radiation
therapy while the other two failures died, one from
local disease after laryngectomy and the other from
carcinoma of the lung 1 year after laryngectomy.
Thirty-four patients had attempted endoscopic exci
sion followed by radiation therapy; of this group, 29
were successfully managed (85 % ), while five devel
oped recurrent disease, which required laryngec
tomy for attempted salvage. There were two deaths
from local disease in this group. Four patients had
attempted endoscopic excision followed by partial
laryngectomy, and all were successfully managed.

The use of the C02 laser in the endoscopic man

agement of patients with early vocal cord carcino
ma represented an obvious extension of the clinical
application of endoscopy. The advantages of preci
sion, hemostasis, and decreased perioperative ede
ma allowed the laryngologist to perform exquisitely
accurate and relatively bloodless endoscopic sur

gery of the larynx. Cure rates of patients with early
Ti glottic lesions treated with the C02 laser ap
peared to be equal to those achieved with radiation
therapy, laryngofissure and cordectomy, or endo
scopic excision without laser, and the use of the C02
laser did not interfere with further treatment.

Stimulated by the reports of Strong and his col
leagues, we began to manage selected patients with
Ti glottic carcinoma by endoscopic excisional biop
sy using the C02 laser in 1978. Twenty-five patients
have been treated by this method and followed a

minimum of 3 years.
'

MATERIALS AND METHODS

Twenty-five previously untreated patients with selected early
midcordal squamous cell carcinomas of the larynx were treated
by endoscopic excisional biopsy by the authors between Novem
ber 1978 and March 1982. All patients had a minimum follow-up
period of 3 years. Other patients who presented to us during this
period with Tr squamous cell carcinoma of the glottis involving the
anterior commissure, ventricle, vocal process, or subglottis, or with

known cardiac abnormalities who were not considered to be good
risks for suspension laryngoscopy'? were not included in this study.

All necessary precautions for C02 laser surgery of the upper aero

digestive tract were strictly adhered to; changes in our safety proto
col were periodically made to keep pace with the state of the art.

General endotracheal anesthesia with complete muscle relaxation
was administered in all cases using a small (5.5 to 6.0 mm inner

diameter) Rusch red rubber tube wrapped circurnferentially with
reflective aluminum tape. This precaution was necessary to pro
tect the tube from inadvertent impacts from direct or reflected
laser energy, either of which could cause ignition of the tube. The
tube cuff and subglottis were protected by a double or triple layer
of saline-saturated cottonoids, and the operating platform was

used for further protection in operations performed in 1982.13

Intraoperative steroids (dexamethasone, 0.15 mg/kg) were ad
ministered intravenously prior to induction to help minimize any
perioperative edema that might occur secondary to suspension
laryngoscopy or excisional biopsy. Wide exposure of the entire

glottis was obtained with a Dedo-Pilling, Jako-Pilling, or Ossoff
Karlan modified Dedo microlaryngoscope suspended with the

Lewy laryngoscope holder. In those cases where adequate ex

posure could not be obtained, biopsy was performed through a

Holinger anterior commissure laryngoscope, and the patient was

referred to radiation therapy. The operating microscope with at

tached laser was used to provide the magnification necessary to

perform endoscopic excision of these early glottic carcinomas.
Prior to beginning the excisional biopsy, supravital staining with
2 % toluidine blue was performed as described by Strong. 14

The excisional biopsy was performed by grasping the lesion
with an upbiting cup forceps and placing it under traction in a

medial direction (Figure, 2). Using the laser in the repeat mode
(0.1 second) at 2,000 Wrcrn", the cancer was first outlined and
then dissected off the underlying vocalis muscle as described by
Strong in 1975.10 A 2- to 3-mm strip of muscle was usually in
cluded in the surgical specimen, although in several larger lesions
the excision was carried down to the inner perichondrium of the

thyroid cartilage (Figure, 3). Once the lesion was grasped with
the cup forceps, every attempt was made not to move the forceps;
this was important to avoid losing the spatial orientation of the tu
mor for frozen section control. Bleeding, when encountered, was

handled either by topical vasoconstriction with adrenalin

(1: 1,000) saturated cottonoids followed by laser coagulation
around the site with the laser defocused in the continuous mode or

by electrocoagulation.
The surgical specimen was labeled and oriented on a sheet of

filter paper using sutures to mark the anterior and deep (lateral)
margins. An accompanying legend was drawn adjacent to the le
sion on the filter paper. The specimen was then hand-carried to

pathology for frozen section examination. Further biopsies were

taken from the deep margin of the operative site and also sent for
frozen section examination. Cooperation by the surgical patholo
gist was absolutely necessary for the successful completion of this
procedure. Multiple sections along the long axis of the surgical
specimen had to be examined on frozen section; usually three sec

tions were cut and examined for the smaller cancers, while more

than six had to be prepared and examined for the larger cancers.

We reviewed all the frozen sections with the pathologist; in cases

where the margins were free of tumor, no further treatment was

necessary. In cases where the margins contained tumor, further

biopsies of the surgical site were taken. This procedure was con

tinued until the margins were considered to be free of tumor or

until the inner perichondrium of the thyroid cartilage was en

countered. In the latter instance, the excisional biopsy could not
be considered curative and the patient was referred for further
treatment, usually radiation therapy.

All patients were followed monthly for the first year, every other
month the second year, every third month the third year, every
fourth month the fourth year, and every sixth month after the fifth

year, in the usual fashion for head and neck cancer patients. Repeat
microlaryngeal endoscopic examinations and excisional biopsies
were performed only when suspicious areas were noted on indi
rect examination in the office. Flexible fiberoptic pharyngoscopes
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4

Endoscopic surgery of midcordal cancer showing A) early minicancer and B) deeply invasive cancer. 1) Preoperative, 2) cup forceps
grasping lesion with medial traction, 3) resulting postoperative defect, and 4) formation of scar tissue after 6 months.

and rigid 900 rod-lens telescopes have added greatly to our ability
to follow these patients on an outpatient basis.

RESULTS

Twenty-four of 25 patients in this study were

alive and free of disease with follow-up of 3 or more

years (96 % ). The 25th patient died of both local
and regional recurrence 2 years after his attempted
endoscopic excisional biopsy and partial laryngec
tomy. There were no operative complications in this
study, and none of the patients in this group re

quired a tracheotomy following endoscopic exci
sional biopsy. These results are summarized in the
Table.

Seventeen patients with early, midcordal carci
noma were treated solely by endoscopic excisional
biopsy (100 % ); in 14 of these cases, free margins
were obtained on frozen section examination and
confirmed by permanent section, while in three, no

tumor was found in the excisional biopsy specimens.
Eight patients had attempted endoscopic excisional
biopsy; in these cases, the cancer was chased to the

Tl GLOTTIC CARCINOMA: 3-YEAR CONTROL RESULTS

Management Lesions
No Evidence

of Disease %

Endoscopic excision 17

Attempted endoscopic ex-

cision followed by radia-
tion therapy 6

Attempted endoscopic ex-

cision followed by par-
tiallaryngectomy 2

Total 25

17. 100

6 100

50

24 96

inner perichondrium of the thyroid cartilage and
free margins could not be obtained on frozen sec

tion examination. Six of these patients received fur
ther treatment in the form of external beam radia
tion therapy; all demonstrated successful tumor

control. However, one patient developed chondro
radionecrosis, which required a tracheotomy and
submucous debridement of the thyroid cartilage; he
is alive and free of disease but still requires his tra

cheotomy for airway control. Two patients were

treated by partial laryngectomy following their at

tempted endoscopic excisional biopsy; one of these
suffered a local and regional recurrence and died 2

years later (50 % ).
The quality of voice in our patients treated only

by excisional biopsy was judged subjectively to be
average to excellent; the best voices were obtained
in patients with the least amount of vocalis muscle
excised. The voice was breathy and rough in both
patients treated by partial laryngectomy, while it
varied in those patients receiving radiation therapy.
No quantitative measures of voice quality were used
in arriving at these conclusions.

DISCUSSION

Treatment of selected early glottic carcinoma can

be approached with optimism because of several
factors. First, true vocal cord cancers cause early
symptoms and are relatively easy to diagnose. Sec
ond, they are the most common of laryngeal carci

nomas, making up about 70 % in one series. 15 Third,
at the level of the glottic larynx, early midcordal
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cancers are limited to the confines of the laryngeal
framework, and the lymphatic system is not readily
invaded. Fewer than 1 % of patients with Ti glottic
carcinoma present with cervical metastasis." Fourth,
therapeutic expertise in the management of these
early glottic cancers is highly developed and about
90 % of patients with this disease will recuperate re

gardless of the treatment used. Therefore, consider
ations other than cure rate should be taken into ac

count when planning the initial treatment of these

patients with TI glottic carcinoma. Factors worthy
of consideration include the quality of posttreat
ment voice, the cost of treatment, the time lost by
the patient during treatment, and the anticipated
posttreatment morbidity, if any.

The findings of this study support the use of endo
scopic excisional biopsy as a viable treatment option
in the management of patients with early, midcordal
glottic carcinoma. Credit must be given to Strong
and his colleagues for possessing the imagination
and courage to utilize the C02 laser as the definitive
excisional instrument in their cases. This pioneering
work has stimulated a renaissance in the endoscopic
management of selected early vocal cord carcino
ma. The major advantage of endoscopic excision is
its accuracy in establishing the true extent of the
disease. When positive margins are encountered

against the inner perichondrium of the thyroid car

tilage, or when actual tumor invasion of the thyroid
cartilage is found, the necessity for further defini
tive treatment is automatically established. Other

advantages of endoscopic excision include the mini
mal morbidity and cost-effectiveness associated with
this treatment option.

Relatively few studies have examined voice changes
in patients with Tr glottic carcinoma after treat
ment by endoscopic excisional biopsy with the C02
laser or external beam radiation therapy. Blakeslee
et al" found the postexcisional biopsy voices of their

patients to be serviceable when the tumors were

small (1 to 5 mm) and to be breathy and rough
when the excised tumors were large. Koufman

(unpublished data) found that 81 % of his patients
had normal or "usually normal" postoperative
voices following their treatment with endoscopic
excisional biopsy. In each of these studies, voice was

subjectively assessed. Stoicheff'" and Mendonca"
examined patient reports of vocal change using sub
jective assessment following radiation therapy in
1975. Mendonca reported that 69 % of his patients
had normal speaking voices up to 26 weeks after the

completion of radiation therapy, and an additional
25 % of his patients reported improved speaking
voices by 1 year posttreatment. Stoicheff reported
similar results with 83 % of her patients claiming
normal or near-normal vocal quality in response to

a questionnaire. However, 80 % did note that vocal
difficulties such as fatigue or hoarseness persisted
after the end of radiation therapy treatments. These
results were substantiated in a recent study by
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Karim et al.:" The Stoicheff'" report was one of the
few investigations that included an objective mea

sure of voice; she found a trend toward lower fun
damental frequencies in irradiated patients com

pared to normal controls. She suggested" ... that
the study of irradiated patients' voices before, dur

ing, and following treatments by means of audio,
aerodynamic and acoustic instrumentation would

yield additional information of diagnostic value on

recovery of laryngeal function." These same mea

sures should be obtained on patients treated by en

doscopic excisional biopsy if a true comparison of
the two treatment options is to be made regarding
the quality of posttreatment voice.

Studies comparing the cost of treatment and time
lost during treatment need to be done to substanti
ate the intuitive conclusion that endoscopic exci
sional biopsy costs less and requires less time for
treatment.

Finally, no investigators haveexamined the post
treatment morbidity in patients with Tr glottic car

cinoma treated with radiation therapy or laser exci
sion. Arytenoid edema is the most common late
sequela following irradiation therapy; radiation
chondritis occurs in less than 1 % of patients. Swal
lowing function has not been examined in either

group of patients. Yet it is reasonable to hypothesize
that radiation therapy to the larynx may affect the
flexibility of the pharyngeal constrictors, and that
this might change over time. One might further hy
pothesize that laser excision would not affect the
swallow in any way, because the excision affects
only a portion of the true vocal cord. Because the
radiation therapy portal is quite small and takes in

only a minimal amount of the anterior wall of the
pharynx, this proposed hypothesis might not be par
ticularly significant. However, if it does prove to be
correct, and laser surgery does cause less morbidity,
then this would be another reason to choose laser
excision over radiation therapy.

Two questions remain. First, which treatment

yields better posttreatment voice quality, both short
and long-term? Second, which treatment is associ
ated with less posttreatment morbidity? A well-de

signed, prospective, randomized study needs to be
conducted to attempt to answer these and other

questions concerning the choice of treatment op
tions for the management of patients with early
midcordal glottic carcinoma.

CONCLUSIONS

Endoscopic excisional biopsy for the management
of patients with early midcordal glottic carcinoma
is curative for microcancers and minicancers with
rates equal to both radiation therapy and laryngo
fissure and cordectomy. The major advantage of this
treatment option rests in its ability to differentiate

deeply invasive early midcordal Tr glottic cancers
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from those that are truly superficial in nature and
establishes the need for further treatment in those
cases with deep invasion. Excisional biopsy can be

used repeatedly and does not interfere with further
treatment, when necessary. Finally, it is our treat
ment option of choice in properly selected patients.
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JAMES A. DUNCAVAGE, MD

MILWAUKEE, WISCONSIN

ROBERT H. OSSOFF, DMD, MD

CHICAGO, ILLINOIS

ROBERT J. TOOHILL, MD

MILWAUKEE, WISCONSIN

A retrospective review of 20 cases of laryngeal stenosis treated with the carbon dioxide laser was conducted at the Medical College of
Wisconsin and Northwestern University. The stenoses were grouped into four categories: supraglottic, glottic, subglottic, and combined
glottic-subglottic. Twenty patients had 21 lesions excised br4�laser procedures. Eleven of 21 stenoses were successfully managed by car

bon dioxide laser endoscopy: 3 of 3 supraglottic, 6 of 10 glottic, 2 of 4 subglottic, and 0 of 4 combined laryngeal/tracheal stenoses. Eleven of
the 20 patients had significant airway improvement or decannulation. Soft tissue stenoses of the supraglottic area respond favorably to car

bon dioxide laser excision. In other regions of the larynx, the use of supplemental stents, steroid injections, dilatations, and the micro

trapdoor surgical flap technique in scar stenosis may increase the rate of success. The lower success rate in the posterior commissure,
subglottic, and combined laryngotracheal stenoses is due to the circumferential, thick stenosis with a vertical depth of more than 1 em and
the fibrotic fixation of the arytenoid cartilages. Small cicatrices appear to respond better to laser vaporization than the large ones which fre
quently recur.

KEY WORDS - carbon dioxide laser, laryngeal stenosis.

One of the most difficult problems for the otolar

yngologist is the management of laryngeal stenosis. 1

The initial evaluation commonly involves the endo

scopic examination of the larynx during which the

otolaryngologist may decide to initiate definitive

therapy. The introduction of the carbon dioxide
laser as an endoscopic surgical instrument has stim
ulated interest in its application for removal of ste

notic laryngeal lesions. It has proven to be well
suited for this purpose. Laser energy is delivered

through a conventional microlaryngoscope coupled
to an operating microscope allowing direct, precise
control for scar excision. The demand for more cost

effective forms of treatment has promoted attention
to this new technology. We discuss the application
of the carbon dioxide laser for the successful treat

ment of laryngeal stenosis.

LITERATURE REVIEW

In 1979, McGee et aF presented a basic study of
the use of a TEM 01 carbon dioxide laser for treat
ment of subglottic and upper tracheal stenosis in a

canine model. Total subglottic and partial upper
tracheal stenoses were created and then removed
with the laser by completely vaporizing the scar tis
sue. No stents, antibiotics, or steroids were used. An

interesting pattern of restenosis was observed. At 2
to 3 weeks, there was moderate tissue edema, little
granulation tissue, and a patent airway. However,
later there was rapid formation of granulation tis
sue and restenosis. The histological examination of
the scar revealed marked collagen formation with

an epithelial lining of predominately the respiratory
type. They concluded that the laser caused a delay
in collagen formation. The use of stents and/or early
surface coverage with a suitable tissue graft was

suggested to avoid this complication.
Further contributions were made by Healy in

1982.3 In his study, subglottic stenoses were created
in canine models, and the efficacy of antibiotics,
steroids, soft stents, and rigid stents was evaluated.

Healy found that, in cases of severe stenosis occupy
ing more than 80 % of the subglottic diameter, sup
plemental therapy had a statistical correlation with
the successful treatment of the stenosis with the car

bon dioxide laser. The use of soft silastic stents in

combination with the use of prophylactic antibiot
ics improved the success rate. Healy also found that
the use of concomitant steroids, either systemic or

intralesional, could be detrimental.

Toohill et al" reported their experience with sub

glottic stenosis in a canine model. They attempted
segmental resections of stenoses with a TEM 00 car

bon dioxide laser. One group of animals had a seg
mental resection of one third of a mature, circum
ferential subglottic scar. A second group had resec

tion of half of the scar, and a third group had com

plete vaporization of the subglottic scar. The first
two groups developed a prompt recurrence of scar

similar to the preoperative lesion. The third group
totally obstructed with granulation and scar, and

actually had progression of their stenoses. It was

concluded that segmental resections alone were not

beneficial.
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One of the earliest significant clinical reports on mucosal flaps. They were able to decannulate or

the use of the carbon dioxide laser for excisions of la- significantly improve the airway in 17 of 19 patients
ryngeal scars was presented by Strong et al in 1979.5 with posterior commissure or combined lesions.
They used this modality in 20 of 23 patients. Fifteen Their success is related to leaving a mucosal cover-

were successfully decannulated, but five were con- ing. Small improvements of the diameter of the air-
sidered failures. In their decannulated group, four way may lead to a significant increase in the cross-

patients had- the associated placement of stents. sectional area.

Strong et al concluded that if the lumen was re-

duced more than 50 % or if moderate granulation
tissue was present preoperatively, a soft stent was

indicated following carbon dioxide laser excision.
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Lyons et al" reported six cases of extensive refrac

tory laryngeal stenosis. All of these improved to a

certain degree with carbon dioxide laser excisions
and intralesional steroid injections. However, four
of these six patients were not decannulated at the
time of their report.

Koufman et _a17 used the laser to excise subglottic
scars in 13 infants and small children. An adequate
airway was established in ten patients, but only
eight were decannulated at the time of their report.
They used stents in three cases and were discour-

I aged by the rapid formation of granulation follow

ing its removal and by the fact that the stenosis wor

sened in two cases. Dilatation was only occasionally
used as an adjunct in this series, but there was fre

quent use of systemic and intralesional steroids.

In 1982, Shugar and Biller" reported their experi
ence with 15 cases of stenosis. They had the best re

sults with soft tissue excisions of supraglottic steno

ses. Six of seven patients in this group were success

fully rehabilitated, while only three of eight pa
tients with glottic and subglottic stenoses were

decannulated.

Simpson et al" updated Strong's previous report.
They utilized the carbon dioxide laser primarily or

as an adjunct in 60 patients with laryngeal, trache
al, and combined stenoses. Forty-one patients were

managed successfully with endoscopic techniques
alone. Silastic stents were used in 39 patients. Of
the 31 patients with subglottic stenosis, 21 required
stents. Dilatations were not utilized in this series.
The conclusions of Simpson et al concerning the

predisposing causes of failure were the association
of preceding bacterial infection related to tracheos

tomy, circumferential cicatricial scarring, scar tis
sue wider than 1 ern in vertical dimension, and fi
brotic scarring of the posterior laryngeal inlet with

arytenoid fixation.

Holinger'" studied six cases of infant subglottic
stenosis in 1982. These were selective cases in which
he excised small segments of subglottic scar on re

peated occasions. The stenoses were successfully re

duced in all six patients. He also avoided the use of
tracheotomy in his patients.

Dedo and Sooy!' recently reported an innovative

technique for preserving overlying mucosa when ex

cising laryngeal scars by creation of micro-trapdoor

MATERIALS AND METHODS

A retrospective review of laryngeal stenoses treated
by carbon dioxide laser excision was conducted at
the Medical College of Wisconsin affiliated hospi
tals and the Northwestern University affiliated hos
pitals from 1981 to 1'984. The cases were reviewed
from the standpoint of age, sex, location of the ste

nosis, etiology, previous therapy, concomitant ther
apy, presence of a tracheostomy, tissue characteris
tics of the stenosis, number of laser excisions, laser
mode, and ultimate result. Success was judged by
an improvement of the airway if tracheostomy was

not present, or by decannulation if it was present.

RESULTS

Twenty patients with 21 lesions were identified
(Table). One 7-year-old boy had two stenoses, one a

posterior commissure and the other a subglottic ste

nosis, each treated at a widely separate interval.
There were 13 males and seven females with an age
range of 7 to 72 years. In ten of the 20 patients, the
cause of the stenosis was prolonged or repeated in
tubation. Three patients had blunt or sharp trauma,
three had previous laryngeal surgery, two had radi
onecrosis, one injury resulted from lye ingestions,
and one was associated with Behcet's disease.

Of the 21 lesions treated, only two had soft tissue

consistency (both supraglottic), and the other 19
were mature scars. There were three supraglottic
lesions, five at the vocal processes, four at the pos
terior commissure-arytenoid region, four subglot
tic, and four combined glottic-subglottic stenoses.
Thirteen of the 21 stenoses had no previous treat
ment. Of these 13 lesions, ten were treated by laser
excision alone, and three by laser excision plus sup
plemental modalities such as grafts, stents, dilata
tions, and intralesional steroids. The other eight ste
noses had been previously treated by a variety of
methods including open resection and arytenoidec-

- tomy, grafts, stents, and/or dilatations. Seven of
these persistent lesions were treated by the laser
alone, but one required supplemental therapy con

sisting of a soft stent, dilatations, and intralesional
steroids.

In 17 of 21 instances, tracheostomy was present
at the time of the laser excisions. Fourteen lesions
required only one excision, but the supraglottic scar

from lye ingestions required 11 separate excisions.
The older generation TEM 01 laser mode was used
in four excisions and the TEM 00 in the remainder.



CARBON DIOXIDE LASER MANAGEMENT OF LARYNGEAL STENOSIS

Patient Stenosis Previous Supplemental Tracheostomy Tissue No. oj Laser TEMNo.Age Sex Location Etiology_ Treatment Treatment Present Ty_pe Excisions Mode Result
26 F Supraglottic Lye ingestion None ILS, dilatations, + Scar 11 00 Improved, decan-

buccal and dermal nulated
grafts, stents

227 M Supraglottic Trauma Laryngoplasty with None + Soft tissue 1 01 Improved, decan-
buccal graft, stents, nulated

tJdilatations
�

352 M Supraglottic Cancer, partial lar- None None Soft tissue 1 00 Improved, decan-
�

+ C')

yngectomy nulated �
c
�422 F Anterior commissure Intubation None None + Scar 1 00 Improved, decan- I)'Q
�

nulated �
<"+-523 F Anterior commissure Papilloma excision None None Scar 1 00 Not improved j�..

642 M Anterior commissure Intubation None None + Scar 2 00 Improved, decan- Cl
nulated �

""t
c:!"'757 M Anterior commissure Intubation None None + Scar 1 00 Improved, decan- 0
�nulated
tJ872 M Anterior commissure Cancer, partial lar- None None - Scar 1 01 Improved o·
Hyngectomy
�919 F Vocal process Multiple intubations None ILS + Scar 1 00 Improved, decan- �

r-nulated �
c",1023 M Posterior commissure Blunt trauma R arytenoidectomy, None + Scar 2 01 Not improved �
""t

stent �
""t1124 M Posterior commissure Blunt trauma L arytenoidectomy None + Scar 1 00 Improved, decan- �

nulated �
""t

Not improved
�1251 M Posterior com mis- Behcet's disease None None + Scar 1 00 �

sure, arytenoid I)'Q
�

137 M Posterior commissure Blunt trauma Stents, dilations None Scar 1 00 Not improved
�
CJ".J

Subglottic Intubation None Costal cartilage + Scar 1 00 Improved, decan- �
�graft, dilatations, nulated 0
c",stents �.

1416 M Subglottic Meningitis intubation None None + Scar 1 00 Improved, decan-
nulated

1517 F Subglottic Intubation None None + Scar 4 00 Not improved
1627 M Subglottic Intubation None None + Scar 3 00 Not improved
1739 F Posterior commissure, Ruptured cerebel- Stent Stents, dilatations, + Scar 2 00 Not improvedsubglottic lum, intubation ILS
1846 F Posterior commissure, Renal transplant, in- L arytenoidectomy, None Scar 1 00 Not improvedsubglottic tubation scar excision, stent

1949 M Glottic, subglottic Cancer, radionecrosis Partial laryngectomy None + Scar 1 00 Not improved
2056 M Glottic, subglottic Cancer, radionecrosis Partial laryngectomy None + Scar 2 00 Not improved -lILS-intralesional steroids.

......
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Fig 1. Excised and repaired subglottic stenosis (SG) with
unsuccessful excision of posterior commissure scar (PC) in

7-year-old boy.

Eleven excisions in 11 patients proved successful
I following the laser procedures. One of these eleven

patients did not have a tracheostomy and the other
ten were decannulated. Ten excisions in nine patients
were failures in that the airway diameter did not

improve or the patient could not be decannulated.

DISCUSSION

The carbon dioxide laser coupled to a microscope
offers a precise method for removing scar and soft
tissue stenoses of the larynx. The cicatrix is removed
with ease and excellent hemostasis is achieved." How

ever, the recurrence of scar tissue remains a prob
lem. The choice of when to use supplemental thera

py in the form of periodic dilatations, intralesional

injections of steroids, endoscopically placed stents,
or micro-trapdoor flaps appears to be the key to suc

cess. The number of open repair and reconstructive

procedures could likely be reduced if the right com

bination of endoscopic techniques is employed.

Fig 3. Large supraglottic scar (arrowhead) following lye
ingestion in 26-year-old woman.

Age and sex do not appear to be significant fac
tors, except in infants and children. It is the impres
sion of some researchers (GB Healy, personal corn

munication) that the young patient group responds
more satisfactorily to laser excision, and the reports
of Koufman et al ' and Holinger!" seem to confirm
this impression. The one child in our report had a

total subglottic stenosis that responded well to laser

surgery. Supplemental stenting, grafting, and dila
tation led to an adequate subglottic airway (Fig 1).
The associated posterior commissure scar in this pa
tient persisted long after decannulation and there
was a moderate voice defect. An attempt was made
to improve the voice by carbon dioxide laser exci
sions of the scar, but this procedure was unsuccess

ful.

The location of the stenosis may be of importance
in the therapeutic response. Contrary to other re

ports in the literature, II four of five patients with
anterior commissure webs in this report improved

Fig 2. Vocal process web in

19-year-old woman. A) Formation
after 36 orotracheal intubations;
B) after carbon dioxide laser exci
sion.
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after vaporization. Early utilization of the voice

may be helpful in preventing the recurrence of the
web at the raw anterior commissure surfaces. The
vocal process webs also appear ideal for excision
with the carbon dioxide laser (Fig 2).

The posterior commissure, subglottic, and com

bined stenoses often fail because of their extensive
vertical depth, circumferential nature, and fibrotic
fixation of the arytenoids.? Only three of these le
sions in ten patients responded favorably. It is felt
that periodic dilatations and intralesional steroids, 12

stents, or micro-trapdoor flaps will improve results
if used as supplements to carbon dioxide laser va

porization.
The etiology of the stenosis and the presence of a

tracheostomy appear to have little effect on the ther

apeutic results. Eight of our patients had undergone
previous therapy and six of these failed laser exci
sion. These tended to be the more severe and refrac

tory lesions. The supraglottic soft tissue excisions re

spond quite favorably, much as one would expect
with benign polyps and other soft tissue lesions."
The number of excisions required is related to lack

of response from the previous procedures. If one ex

cision procedure does not improve the airway or re

sults in recurrent stenosis, subsequent excisions will

probably also fail. There are exceptions for the large
supraglottic scars (Fig 3) or for the small segmental
excisions in infants, as advocated by Bolinger. 10

Finally, the mode of the laser did not seem to affect
the outcome. The older generation TEM 01 laser

proved effective in two of four cases.

CONCLUSIONS

1. Carbon dioxide laser excision of small thin scars

and redundant soft tissue is likely to be successful.
2. Circumferential scarring, wide scars with a ver

tical depth of 1 cm or more, and arytenoid fixa
tion are associated with a high degree of failure.

3. The supplemental use of stents, dilatations, in
tralesional steroids, and micro-trapdoor flaps
may be helpful in extensive scar excisions.

4. Although the carbon dioxide laser is an effective
and precise instrument for removal of laryngeal
scar tissue, additional methods to prevent recur-

rence must be developed.
.
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The symptoms associated with performance anxiety, or the so-called stage fright syndrome, are similar to those of ex and (3 adrenergic
stimulation. Suppression of symptoms and improvement in instrumentalist's performance after (3 blockade suggest that this modality would
be of benefit for singers as well. To evaluate the dose-effect relationship of (3 blockade upon singing performance and the possible effect of
these agents upon performance maturation, we studied 34 singing students during end of semester juries, using a double-blind crossover

paradigm. Students performed once with either placebo, 20, 40, or 80 mg of nadolol, and again 48 hours later, with placebo. There was a

significant dose-related, limiting effect upon intraperformance cardiac rate. A small, but statistically significant, dichotomous effect upon
performance rating was noted: low-dose nadolol tended to enhance performance, whereas larger doses impaired performance. We con

clude that the effects of low dose (3 blockade upon singing are minimally helpful and high doses may detract from performance ability.
KEY WORDS- - (3 blockade, singing performance.

BACKGROUND

Situational anxiety is typified by the symptoms
associated with release of catecholamines, namely
tachycardia, cardiac palpitations and irregularities,
tremor, dry mouth, sweaty palms, and nausea. In
relation to the anxiety of performance, these symp
toms are familiar to all who have ventured on stage,
hence the often used term "stage fright." In the

young artist the symptoms may be so severe that

performance is seriously flawed, if not impossible.
Not even the experienced professional is immune,
and inability to deal with the problem has led in
some cases to career change or refusal to perform.
For the majority of seasoned musicians, catechola
mine release provides a physical edge to live perfor
mance that contributes to its immediacy and vitali

ty. Thus, performance anxiety may vary from a

totally incapacitating problem on the one hand to

an artistic necessity on the other.

The genesis of the performance anxiety syndrome
is in the classic fight or flight response mediated in
the sympathoadrenal axis through the release of
catecholamines, primarily epinephrine and norepi
nephrine. The ubiquitousness of the syndrome in

beginning performers suggests a common underly
ing pathogenesis, presumably fear of failure or of
criticism. Gradual subsidence of the symptoms usu

ally occurs with time and experience. This may be
due to two mechanisms: diminished catecholamine
release and/or tolerance to the catecholamine surge.
Thus, performance maturation involves a process of
desensitization fostered by experience, increased.

competence, and self-assertion by which one gradu-

ally learns to lessen the excessive release of cate

cholamines. Similarly, one can adopt performance
strategies both to help tolerate and to adjust to the

unpleasant side effects of stage fright. Presumably
both mechanisms operate, but the relative contribu
tions of each are not known.

Because these symptoms are largely the result of (3
adrenergic stimulation, suppression of symptoms is

theoretically possible by the use of drugs that block
(3 adrenergic receptors. Inasmuch as these drugs
have little, if any, CNSsedation in standard doses,
they have the potential for not interfering with per
formance. Indeed, this was the conclusion of three
investigationsl-3 which have demonstrated the ef
fectiveness of (3 blockade over placebo in reducing
the symptoms of stage fright.

Liden and Cottfries' used alprenolol hydrochlor
ide (50 or 100 mg) as the (3 blocker in a double-blind
crossover experiment. They selected 19 instrumen
talists who had severe performance anxiety symp
toms out of 101 members of a professional symphony
orchestra. Of these, 15 participated by taking either
placebo or drug before each of four concerts. There
was a significant reduction (p < .05) in catechola
mine symptoms (palpitations, increased muscle tone,
and tremor) and in other symptoms (uneasiness, ir

ritability, headache, cold clammy hands, and lack
-Qf concentration) when the drug was used com

pared to placebo. The drug was equally effective at

the two-dose levels. There was a modest placebo ef
fect as well, but it was not analyzed. No objective
measures of performance were used in this study.

From the Division of Otorhinolaryngology (Gates, Hearne) and the Department of Pharmacology and Medicine (Shepherd), The University of Texas
Health Science Center at San Antonio; the Division of Management and Marketing (Saegert) and the Division of Music (Wilson), The University of Texas
at San Antonio; and the School of Music (Johnson), The University of Texas at Austin. Supported by a grant (RG 068) from the Voice Foundation.
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James et aF used oxprenolol, 40 mg, in a double- TABLE 1. GROUP COMPARABILITY

blind crossover trial in 24 career string players giving
a solo performance on two separate days before an

audience. The subjects estimated their own nervous

ness using a visual analogue scale (100 mm long) im

mediately before and after the performance. Pulse
rate and standing blood pressure were measured be
fore the performance. The two pieces played (one
from music and the other from memory) were assessed
on a five-point scale by two judges who were blind
in regard to knowledge of the drug. The subjects
also judged their performance on the same scale.
There were no differences in prerecital nervousness

or in either objective or subjective improvement by
the student's assessment of the performance be
tween the first and second trials. However, there
were significant differences in all measures between
placebo and drug except for memory and certain

performance submeasures such as bowing and accu

rate shifting. The submeasure accounting for the
greatest improvement in performance was tremor.

Memory was improved but not significantly.
There was a greater effect of the oxprenolol when

given before the first performance and in subjects
with lower anxiety scores. In the two studies where
measured, there was an objective and subjective im

provement in musical performance as well.

Brantigan et al ' studied the effects of propranolol,
40 mg, in 29 subjects using an experimental design
similar to the above except that intraperformance
heart rate was monitored in all subjects and post
performance salivary flow was measured in some. In
addition, terbutaline was given to a few subjects to

assess the effect of {3 stimulation upon performance
anxiety. All but two of the subjects were instrumen
talists; the data from the two singers were not

analyzed separately (Brantigan CO, personal com

munication, September 1983). They found highly
significant reductions in the peak and average car

diac rate, salivary flow, and nervousness. Judged
performance improved significantly with the drug,
but subjective self-assessment by the performers did
not, even though the majority expressed a prefer
ence fOT the performance with the drug. {3 Stimula
tion caused a severe worsening of the stage fright
symptoms.

Several important questions remain unresolved
by these studies. The first is whether the findings in
instrumentalists are transferable to vocalists. While
stage fright per se is probably the same for both
groups, it is not clear to what extent {3 blockade
would influence vocal tremor and oropharyngeal
dryness and whether this would affect performance.

A second question relates to optimal dose. It seems

reasonable to presume that there is a minimal dose
that blocks or at least reduces the symptoms to a tol
erable level while leaving enough edginess for an in

teresting performance. Contrarily, the relationship
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Age (yr)
Sex (m.f)
Voice (S-A-T-B)

Group 1 Group 2 Group 3 Group 4

(0 mg) (20 mg) (40 mg) (80 mg)
23.5 ± 2.7 29.6± 10.7 24.7 ±5.0 25.0±6.9

2:4 2:6 3:7 5:5

3-1-0-2 5-1-2-0 6-1-2-1 3-2-2-3

4

2 4 7 3

3 3 2 3

Experience
Beginner
Intermediate
Advanced

S - soprano, A - alto, T - tenor, B - bass.

of increasing dose to control of symptoms versus ap
pearance of side effects needs to be addressed.

A third question is, does the use of {3 blockers as a

temporary aid for the performer with high anxiety
level impair the normal maturation process? Cer

tainly it would be unwise to foster drug dependence
in musicians simply to overcome the transient dis
comfort produced by performance anxiety, particu
larly if the drug delayed or interfered with the nor

mal processes by which most performers learn to

control and even use adrenergic release in their per
formance. However, for those overcome by the
physical effects of stage terror and for whom {3
blockers might mean the difference between aban
doning or continuing a career, it would be impor
tant to know the effect of such therapy on acquiring
performance maturity.

Therefore, the goals of this study were to answer

the above three questions by comparing the effects
of three doses of a {3 blocker versus placebo upon
performance anxiety and performance quality in a

group of student vocal artists using a double-blind
placebo-controlled crossover design.

MATERIALS AND METHODS

The subjects for this study were 34 volunteer student vocal ar

tists enrolled in the music departments of either The University of
Texas at San Antonio (n = 23) or The University of Texas at Austin
(n= 11). The average age was 25.7±7.1 (mean and SD, range 18
to 45 years). Eighteen of 34 (53 % ) were voice majors; the remain
der were majoring generally in other fields in music and were tak
ing voice classes to fulfill degree requirements.

All subjects were screened by medical history and physical ex

amination to be free of conditions, primarily bronchial asthma
and diabetes mellitus, that would contraindicate the use of {3
blockers. Informed consent was obtained from all subjects. The
research protocol was approved by the Institutional Review
Board of The University of Texas Health Science Center at San
Antonio.

Subjects were assigned in blocks of 16 from a table of random
numbers stratified on sex and prior performance experience (be
ginner, intermediate, advanced) to one of the following dose
groups: 0, 20, 40, or 80 mg of nadolol. Subjects received the drug
or placebo on the first trial; all received placebo on the second. All
participants were blinded to the dose and order of the drug. Each
subject acted as his or her own placebo control. The subjects were

given the drug or placebo three hours before each performance.
The results of the random assignment are shown in Table 1.

The singers performed two vocal selections for a panel of judges
composed of their musical faculty, under the usual conditions for
a required end of semester jury. At the first performance the stu
dent chose one aria and the judges selected the second from the
student's portfolio. At the second performance, one of the pieces
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Fig 1. Mean pulse rate before, during (peak rate), and'
after each performance displayed for each experimental
group.

was repeated from the first jury; the other was selected by the
judges. The subjects and judges rated the performance in terms of
overall quality on a scale of 1 to 10 (with 10 being perfect) and
also indicated their preference for performances 1 or 2. The stu

dent's course grade for the semester was based on the better of the
two performances. Each judge used his or her own personal scale
to evaluate overall performance quality. This involved judgments
of musicianship, poise, preparedness, as well as anxiety.

Pulse, blood pressure, and respiratory rate were recorded at

rest and immediately before and after each performance. The
maximal and average pulse rates during performance were deter
mined telemetrically. Unstimulated salivary flow was measured
in milligrams of saliva per 15 minutes, and was collected. in a

preweighed container by the "drool" method after each perfor
mance. A serum sample for drug level was obtained after the first
performance.

An attempt was made to assess each subject's own judgments of
stage fright. The state-trait anxiety inventory" was administered
immediately preceding each performance. This scale consists of
20 statements designed to evaluate how subjects feel "right now,
at this moment." In addition, to evaluate subjects' feelings about
their typical level of overall anxiety, the Anxiety Scale Ouestion
naire" was administered at the time of the screening physical ex

aminations. Following the performance, subjects also rated their
subjective overall level of anxiety before and during the perfor
mance on a linear analogue scale.

Physical measures were analyzed by analysis of variance

(ANOVA). For each measure except pulse, the ANOVA was per
formed based on difference scores for each subject for perfor
mance 2 minus performance 1. Separate analyses were performed
for before and after performance data to compare drug groups

Omg
I

20mg 40mg
2 3

Group

80mg
4

Fig 2. Group mean values for salivary flow (milligrams/15
minutes) for each experimental group.

(before, during, and after analyses were performed for pulse).
ANOVA was used to compare group means for anxiety measures.

Two ANOVAs were performed for each measure: performance 2
minus performance 1 for before and after performance. Perfor
mance 2 score minus performance 1 score was analyzed by
ANOVA for both subject- and judge-rating scales.

RESULTS

The effect of (3 blockade upon the rise in heart rate

during performance is depicted in Fig 1. For both the
average and maximal pulse rate during singing, the
heart rate was significantly lower (p < .001) in the
trials with nadolol. However, the pulse rate recorded
before and immediately after the performances did
not vary appreciably across the three drug groups.
Blood pressure measured before and after each per
formance also was not affected by the drug.

Salivary flow was higher after the second perfor
mance than in the first in each of the three drug
groups; the differences, however, were not statis

tically significant (Fig 2).
Measures of anxiety using the state-trait anxiety

questionnaire and the analogue linear scale tech-
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TABLE 2. COMPARISON OF ANXIETY MEASURES AND SUBJECTS' PERFORMANCE SELF-RATING

Group 1 (0 mg) Group 2 (20 mg) Group 3 (40 mg) Group 4 (80 mg)
Performance Performance Performance Performance

1 2 1 2 1 2 1 2 P

ASQ IPAP 47.8 44.3 44.6 44.3 36.6 45.2 36.1 37.8 .16

Linear scale
Before 4.5 4.8 4.9 6.7 4.9 5.4 5.0 4.7 .46
After 4.9 4.2 2.4 3.1 3.5 4.7 2.3 2.6 .73

Students' rating 6.6 6.2 8.2 7.0 6.6 7.0 6.1 6.6 .49

niques did not differ significantly across the groups
(Table 2).

The subjective ratings of the singers' and the judges'
evaluation of the performances are displayed in
Table 2. The subjects' scores did not differ signifi
cantly across the groups but did indicate a prefer
ence for the performance with 20 mg of nadolol. At
the higher doses the students consistently favored
the performance without the medication. The dif
ferences were not great and were less impressive
than the variability.

The judges' scores (Fig 3) varied in: a dichotomous
manner that paralleled those of the subjects but
with far less variability. The performance with low
dose (20 mg) was preferred; the performances with
the higher dose levels were given significantly lower

ratings by the judges. Although these differences
were statistically significant at the P = .02 level, the

magnitude of the differences was small. Using the
Newman-Kuels test on means at p = .05, the only
statistically significant difference between group
means was between the judges' scores for group 2
and group 3. For the six subjects in group 1 (who re

ceived placebo for both performances), both the

subjects and judges scored the first performance
slightly higher. There were no untoward side effects
or reactions to the medication. Figure 4 displays the
serum level of drug for each subject.

DISCUSSION

The study population was voluntarily self-selected

Group I
8.4±.66 8.2±.98

9

Performance I - PI
Performance 2 - P2

2 ri"

Beginning 0 •

Intermed. c. ..

Advanced 0 •

Q) 8
o

Fig 3. Judges' composite score for �
each subject for each perform-· -(J) 7
ance. Q)

01
"'0

::::I
J 6

5

from among student singers and is presumed to be a

representative sample of those for whom perfor
mance anxiety is a potential stumbling block en

route to a career.

Because of the relatively small number of subjects
the stratified randomization plan used in this study
resulted in unequal allocation of subjects across

groups and strata. This prevents any meaningful
subanalysis to examine the possibility of interactive
effects based on age and prior performance experi
ence. No consistent trend could be detected when
the data were grouped on these two strata, but
there is insufficient statistical power to clearly reject
a lack of effect of these two variables.

The most notable (and predictable) effect of the
medication was upon the rise in heart rate that ac

companied the actual performance. Given that
singing is an athletic event requiring coordinated
muscular effort and substantial increases in intra
thoracic pressure, an increase in heart rate partly
represents the physiologic response to exercise. Sup
pression of effort-induced tachycardia is probably
not beneficial in a setting requiring peak effort to
achieve optimal performance. Indeed, many of the
subjects described (3 blockade at the higher doses as

energy-sapping.

One of the study's goals was to examine the effect
of this medication upon performance maturation. It
is reasonable to expect improved performance with
successive repetitions of prepared material. We pro
jected, therefore, that the second performance in

Group 2 Group 3 Group 4
7.9±1.27 7.4±1.21 6.6±1.41 6.9±1.59 6.9±1.I7 7.2±1.16
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Gates et al, (3 Blockade in Singing
two experienced subjects received better ratings,
but the four less experienced subjects did not (Fig
3). Unfortunately, the number of subjects random
ized into group 1 was small and this precludes fur-
ther examination of performance maturation in this
study . We hope to be able to study this question in
further detail in an additional study.
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Fig 4. Serum levels of nadolol (nanograms per milliliter)
for each subject. Solid horizontal line - group means, dotted
line - 1 SD from mean.

group 1 (placebo-placebo) would receive higher rat

ings than the first. Such was not the casehere. The

In interpreting the relationship of the scores of
performance 1 versus performance 2, one unantici

pated factor should be kept in mind, namely, end of
semester fatigue. All of the subjects were enrolled in
more than one class and several commented to the
investigators about how tired they were because of
study for examinations. We presume that this may
have introduced a bias against the second perfor
mance in some of the subjects, but we have no

method for estimating the magnitude of its effect .

The results of the judges' evaluation may be in

terpreted as indicating a very small, if any, favora
ble effect of low dose (3 blockade upon singing per
formance and a more noticeable adverse effect on

performance at the higher levels. However, because
of the small number of subjects in each group and
the variability of the rating scores, application of
these findings to the clinical setting should be done
with caution. We cannot clearly demonstrate the
usefulness of low dose (3 blockade upon the symp
toms of anxiety or upon performance. At the higher
doses it is clear that enhancement of performance or

relief of anxiety does not occur .
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DIAGNOSIS AND TREATMENT OF VERRUCOUS SQUAMOUS CELL
CARCINOMA OF THE LARYNX: A CRITICAL REVIEW

PADUA, ITALY

ALFIO FERLITO, MD

Verrucous squamous cell carcinoma of the larynx is a clinical and pathological entity which was recognized only in recent years. It is a

highly differentiated variant of squamous carcinoma whose incidence is difficult to assess (3.82 % of all laryngeal malignant lesions in our

series of 3,012 patients seen from 1966 through 1983). The laryngologist and the pathologist must cooperate closely to formulate a correct

diagnosis, because the microscopic findings may not show cytological criteria for malignancy, while the clinical appearance of the ex

ophytic, broadly implanted, and fungating lesion is suggestive of malignancy. A large enough specimen is required to carry out adequate
investigations in order to differentiate the lesion from keratosis, verruca vulgaris, or squamous cell 'carcinoma with a verrucous ap
pearance. The most effective form of treatment is surgery, because radiotherapy has shown a high rate of recurrence or persistence of
tumor and because there is the risk of occasional anaplastic or sarcomatoid transformation as seen in this and other sites. Neck dissection is
not indicated because the tumor has not shown an ability to spread to regional lymph nodes or to distant organs.

KEY WORDS - Ackerman's tumor, verrucous carcinoma of the larynx.

Verrucous squamous cell carcinoma of the lar
ynx, also known as verrucous cancer or Ackerman's
tumor, is a highly differentiated variant of squa
mous carcinoma that has peculiar clinical and
morphological Ieatures.v"

The lesion is often difficult to diagnose from a

superficial biopsy specimen. The opinions regard
ing its treatment are controversial. It is also difficult
to assess the true frequency of this tumor, since it is
often lumped with squamous carcinoma.

Goethals et al ' first mentioned that verrucous

cancer may involve the larynx, but the first report
of this lesion occurring in this site was by Kraus and
Perez-Mesa. 1 In Europe, the lesion was little recog
nized and the early reports of this tumor came from
Padua University,4,5,8-10 in a series of 3,012 primary
and secondary laryngeal malignant neoplasms col
lected from January 1966 through December 1983,
where 115 cases of verrucous squamous cell carcino
ma were observed, ie, 3.82 % of malignant lesions
of this organ observed during this period. At present
the tumor is mentioned primarily in the English lit
erature, but it still goes unrecognized in some parts
of the world.

Usually verrucous carcinoma is a neoplasm caus

ing remarkable difficulty for both the clinician and
pathologist. It occurs in both sexes, but predomi
nantly in men in their sixth and seventh decades.
Most patients are cigarette smokers. Clinical data
regarding our patients with this neoplasm have al
ready been published.v!"

The macroscopic (Fig 1) and microscopic (Fig 2)
morphological characteristics of this tumor have al
ready been well delineated by several authors.5,6,ll
The tumor appears to be exophytic, broadly im-

planted, and fungating in aspect, with papillary
fronds and a locally invasive growth. It is composed
of islands and solid cords of highly differentiated
epithelial squamous cells. Multifocal occurrence

may be seen at times. Mitoses are rare. Cytologic
criteria of malignancy are lacking. Occasionally
small focal areas of cellular atypia may form a

minor component of a large lesion. The neoplastic
tissue is covered by a thick, keratinized layer ar

ranged in compressed, invaginating folds. The con

tinuity of the zigzag surface is maintained by very
long filiform processes of well-differentiated squa
mous cells. The stroma contains numerous inflam-

Fig 1. Laryngectomy specimen showing verrucous squa
mous cell carcinoma. Large growth involves three regions
of larynx.

From the Department of Otolaryngology, University of Padua, Padua, Italy.
Presented at the meeting of the American Laryngological Association, Miami Beach, Florida, May 25-26, 1985.
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matory cells, mainly lymphoctyes and plasma cells

tending to delimit the tumor mass, the margins of
which appear to be of a "pushing" rather than an

infiltrating type. Epithelial pearls, small cysts, mi

croabscesses, and macroabscesses may be observed.
A few scattered giant cells of the foreign body type
may be noted. These foreign .body granulomas, in

cluded in a granulomatoid tissue, are often seen

next to epithelial pearls or keratinized matter. Inva
sion of the basement membrane and compression of
the stroma is often noted, and if the tumor is neg
lected, destruction of adjoining tissue, including
cartilage and bone, may occur.

A correct diagnosis requires close cooperation be
tween the laryngologist and the histopathologist,
particularly when repeated biopsies show a morpho
logical pattern of diffuse hyperkeratosis only, while

Fig 2. Histologic sections of ver

rucous squamous cell carcinoma.

A) Intraneoplastic desquamation
of keratin (H&E, original x40). B)
Keratinous cysts (H&E, original
x40). (A and B are from the case

shown in Fig 1.)

the clinical appearance is suggestive of a malignant
lesion. On examination of the larynx, the clinician
often tends to overestimate the aggressiveness of this

neoplasm. By contrast, the surgical pathologist tends
to misinterpret the true nature of the lesion, particu
larly in small biopsy specimens. In this respect, large
representative biopsies that include the deep margin
of the lesion should be taken in order to make ade

quate investigations and an accurate diagnosis. The

macroscopic clinical findings must be correlated
with the microscopic pathologic findings. Micro

spectrophotometric studies of the nuclear DNA con

tent of tumor cells may be helpful in establishing
the diagnosis."? Michaels et a}12 believe that image
analysis of cells of verrucous squamous cell carcino

ma of the larynx may assist the early histologic diag
nosis of verrucous carcinoma, particularly in distin

guishing the tumor from benign squamous papillo-



Fig 2 continued. C) Fungating le
sion which invades stroma (H&E,
original x2.7). D) Dense inflam
matory reaction surrounding
pushing margin of tumor (H&E,
original x40). E) Lack of cytologic
criteria for malignancy (H&E,
original xlOO).
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mao Mean cell areas and nuclear areas are signifi
cantly larger in verrucous squamous cell carcinoma
than in a squamous papilloma.

The high degree of differentiation and the absence
of definite evidence of invasiveness may lead to an

incorrect assumption of benignity if biopsy speci
mens from such neoplasms are considered without
reference to the clinical features. Therefore, the tu
mor is often underdiagnosed by the histopathologist.

The lesion is distinguished from well-differenti
ated squamous cell carcinoma by the absence of cy
tological features of malignancy, its growth pattern,
and the absence of lymph node or visceral metasta
ses.13 The differential diagnosis must also be made
from keratosis.!" verruca vulgaris;" and squamous
papilloma. 16

Before adequate treatment, it is important to di
agnose the lesion correctly. Histologic misclassifica
tion of a well-differentiated squamous cell carcino
ma with a verrucous appearance is often reported. 17

Ryan et al " from the Mayo Clinic excluded 50 % of
I

40 cases that were originally called verrucous carci
noma or in which the descriptive term verrucous

appeared in the initial diagnosis.

Criteria for diagnosing verrucous squamous cell
carcinoma are as follows:

1. patients usually elderly men

2. glottis as site of predilection
3. fungating and exophytic warty tumor forma

tion with multiple filiformlike projections
4. advancing, pushing, and well-circumscribed

margins
5. deeply projecting cleftlike spaces with degen

erating keratin and later cystic degeneration of
central portion of filiform projection

6. high degree of cellular differentiation
7. absence of cytologic features of malignancy (oc

casionally small focal areas of cellular atypia
may be present as minor components of large
lesions)

8. prominent stromal evidence of chronic inflam
matory reaction (especially presence of lym-
phocytes and plasma cells)

,

9. evidence of foreign body granulomas next to

epithelial pearls or keratinized matter
10. nonmetastatic behavior.

'

There is considerable controversy about the cor

rect treatment of verrucous cancer. At the Cen
tennial Conference of Laryngeal Cancer held in

Toronto, Hyams" said: "I feel this is still a surgical
disease. The ones that respond to irradiation may
not be verrucous carcinoma, for the typical ones do
not respond to irradiation." Yet claims of curative

response of this tumor to radiation therapy have
been made.20-22 Harwood'" advocates irradiation
with surgery in reserve. On the other hand, Ferlito
and Becher" reviewed all reported cases of verru

cous cancer initially treated with radiotherapy and
noted that the neoplasm persisted or there was a re

currence in 64 (77.11 % ) of the 90 cases treated.

In view of the large number of reported cases

treated by irradiation with recurrencev" 18,24 it does
not appear to be the treatment of choice for verru

cous cancer of the larynx, regardless of the risk of

anaplastic or sarcomatoid changes after irradiation
that have been observed in this or in other sites. 1-3,24-30

Surgery alone seems to be the most effective form
of therapy, and historically it has been regarded as

the treatment of choice for verrucous cancer. The
lesion is usually amenable to conservation surgery
(ie, cordectomy, hemilaryngectomy, or supraglottic
laryngectomy), although total laryngectomy should
be performed if necessary. Operative treatment

should not include neck dissection, even though en

larged and tender lymph nodes may be palpated. In
fact, biopsy specimens of these nodes have revealed
only an inflammatory reaction, and the laryngeal
localizations of pure verrucous carcinoma have so

far never metastasized to cervical lymph nodes. Dis
tant metastases have not been observed.

Recurrence is likely after inadequate excision of
the tumor, but the recurrent lesions lack any defi
nite microscopic evidence of malignancy. Maw et

al" believe on the basis of only two cases that ver

rucous carcinoma of the larynx can be controlled by
local surgical methods such as suction diathermy,
cryosurgery, or laser surgery.

In conclusion, the tumor is highly curable when
adequate surgical treatment is adopted from the be
ginning. The major contraindication for radiation

therapy appears to be the high rate of recurrence of
the neoplasm; therefore, this treatment is not rec

ommended for this lesion.
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MANAGEMENT OF CHRONIC ASPIRATION BY SUBTOTAL
AND SUBMUCOSAL CRICOID RESECTION
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Modern techniques of conservation surgery of the laryngopharynx often result in narrowing, immobility, and decreased sensation of
the hypopharynx. These procedures also compromise the most vital function of the larynx - protection of the airway. Permanent

tracheostomy is always necessary for protection of the airway. Teflon injection, cartilage implant to the larynx, and extended pharyngeal
myotomy can provide only temporary relief. Swallowing studies under fluoroscopy as well as laryngopharyngoscopy verify a narrowed

pharyngeal inlet with the pharynx trapped between the cricoid and the cervical spine. Extrapharyngeal, subtotal, submucosal resection of
the posterior cricoid ring results in a flaccid posterior laryngeal wall and enlarged hypopharyngeal inlet. At the same time the laryngeal in
let is narrowed, reducing aspiration and still preserving the voice.

KEY WORDS - chronic aspiration, cricoid resection.

INTRODUCTION

Cancer of the upper aerodigestive tract is treated
primarily with surgery, radiation therapy, or a com

bination of both. Patients who undergo treatment
are often left with functional deficits including pro
longed tracheal intubation, inability to swallow
nourishment or handle secretions, and poor oral
communication. This triad of disabilities stems
from large quantities of secretions pooled in +he hy
popharynx which lead to aspiration and gurgling
speech. In these patients the swallowing reflex is not

triggered properly, and the musculature is unable
to respond harmoniously to move the food bolus,
protect the larynx, and relax the cricopharynx.
Even with tracheostomy and feeding tubes, patients
constantly aspirate and cough. Often they must

sleep in an upright position, with constant awaken
ings for oral suctioning, depleting the general
health of both the patients and their families.

In the past, various approaches have been taken
to either reduce or alleviate these symptoms. The
simplest is a gastrostomy feeding tube and tracheos
tomy tube with an inflated cuff. This would seem

appropriate for short-term management, but' pre
sents a dismal future for a patient who is free of dis
ease and facing long-term survival. Other treatments
included Teflon injection of the vocal cords, closure

. of the aryepiglottic folds;':" lateral laryngeal sus

pension, and cricopharyngeal myotomy.':" The final
solution is total laryngectomy, which completely
separates the airway from the food passage. How

ever, most patients and surgeons are reluctant to
sacrifice the voice organ in the absence of disease.
In some selected neurological patients with recur-

rent aspiration pneumonias, one can preserve the
larynx and divert the food passage from the airway.
Tracheoesophageal diversion gives the patient an

opportunity to reverse the surgery if and when the

swallowing condition improves. 5-7

Total laryngectomy will eliminate the aspiration
factor at the expense of voice. However, this proce
dure can be a difficult challenge in a patient who has
already undergone several procedures in the neck
and has had radiation therapy. Our experience in
dicates that even total laryngectomy may not guar
antee successful swallowing immediately because of
a high incidence of pharyngeal fistulas necessitating
multiple secondary procedures for closure.

The cricoid cartilage has always been considered

surgically "sacred." The long-held concept that
resecting part of this structure would commit the
patient to permanent tracheostomy has led to a uni
versal hesitance to violate the cricoid ring. How
ever, the same structure that lends support to the in

tegrity of the subglottic larynx can lead to compres
sion of the esophageal inlet against the vertebral
column in the postoperative patient. The compression
of the hypopharynx between the cervical spine and
the cricoid cartilage is enhanced in patients lacking
pharyngeal sensation, laryngeal elevation, and re

laxation of the inferior constrictor and cricopharyn
geus muscles. This situation can make swallowing
'virtually impossible, especially in male patients
with a large, bulky larynx and calcified cartilages.

Our experience has been that if the patient is un

able to be decannulated, subtotal, submucosal re

section of the posterior cricoid cartilage in conjunc-
From the Division of Otolaryngology, SUNY Downstate Medical Center, Brooklyn, New York (Krespi), and the Department of Otolaryngology-Head
and Neck Surgery, Northwestern University Medical School, Chicago (Pelzer, Sisson).
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tion with extensive pharyngeal myotomy can lead
to both improved swallowing and preservation of
voice. This procedure can be performed during on

cologic surgery of the head and neck or as a secon

dary procedure when a patient develops difficulty
of swallowing and aspiration following head and
neck surgery. The surgical technique is the same in
both instances.

SURGICAL TECHNIQUE
The patient is placed in a supine position with the

head extended, under general anesthesia via trache

ostomy tube. An anterior sternocleidomastoid inci
sion is made at the contralateral (unoperated) neck

(Fig IA). The procedure is carried out on the unop
erated side to facilitate surgical dissection and to

avoid large vessel exposure and pharyngocutaneous
fistulization. A No. 38 or 40 French rubber bougie is
inserted in the hypopharynx and cervical esophagus
to facilitate localization and avoid inadvertent in

jury to the mucosa. Following the elevation of me

dial and lateral skin flaps, the surgical dissection is
carried anterior to the sternocleidomastoid muscle.
The omohyoid muscle is divided. Using blunt dis
section, the carotid sheath is separated from the la

ryngopharynx. The lateral border of the thyroid
cartilage is localized and is rotated to the contralat
eral side using double hooks. The fibers of the infer
ior constrictor muscle are divided along the lateral
border of the thyroid cartilage (Fig IB).

The pyriform sinus mucosa is pushed posteriorly
to expose the posterior half of the cricoid cartilage
(Fig IC). The cricoarytenoid joint is palpated and
not violated. The posterior cricoarytenoid muscles
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Fig 1. Surgical technique. A) Ster
nocleidomastoid incision on unop
erated side of neck. B) Dissection
between laryngopharynx and ca

rotid sheath and division of infer
ior constrictor muscle along lateral
border of thyroid cartilage. C) An
teromedian retraction of thyroid
cartilage exposes pyriform sinus.
Peanut gauze is used to push and
separate hypopharynx from cri
coid. D) Removal of cricoid carti

lage without violating endolaryn
geal or hypopharyngeal mucosa.

are identified. To avoid injury to the muscles or to

their nerve supply at the same side, the postcricoid
hypopharyngeal mucosa can be retracted farther
laterally. Cricoid periosteum is elevated from the
midline between the posterior cricoarytenoid mus

cles. Using small, curved-tip rongeurs the posterior
half of the cricoid lamina is removed (Fig ID). Ex
treme care is taken to avoid violation of the endola
ryngeal and postcricoid-hypopharyngeal mucosa.

After removal of portions of the posterior half of the
cricoid (Fig 2), cricopharyngeal and inferior con

strictor myotomy is completed.

Animal Experience. Two medium sized mongrel
dogs have been used for preliminary study of this

procedure. Both were operated upon under general
anesthesia through vertical neck incisions. The pos-

Fig. 2. Posterior view of larynx after cricoid resection.
Note intact cricoarytenoid joints.
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Fig 3. Removal of posterior cricoid in dog. T - thyroid
cartilage, C - cricoid cartilage, H - hypopharynx.

terior half of the cricoid was resected similarly to
the procedure described above (Fig 3) .

Both animals survived surgery and had no airway
difficulties either in the immediate postoperative
period or thereafter. Feeding was begun on postop
erative day 1 and normal diet was tolerated well.
Endoscopy was performed 21 days after the opera
tion to inspect the larynx and trachea. Thereafter,
the animals were killed and their larynges harvested.
Although in one of the dogs the vocal cord on the
operated side had limited abduction, the laryngo
tracheal airway appeared normal during endosco
py. Figure 4 shows a representative section of the
operated cricoid cartilage. Notice the resected pos
terior portion of cartilage with minimal inflamma
tory response and intact tracheal and hypopharyn
geal mucosa.

CLINICAL EXPERIENCE AND RESULTS

Submucosal, subtotal, posterior cricoid resection
was performed on nine patients to facilitate swal
lowing and reduce aspiration, all with satisfactory
results. These patients had mostly pharyngeal and
tongue-base diseases. The initial surgical proce
dures consisted of pharyngectomy, extended supra
glottic laryngectomy, and tongue-base resection. In

eight of nine patients the surgical defect was recon

structed with a pectoralis myocutaneous flap. Three
patients in this series were operated secondarily 6
months to 1 year after the oncologic resection.

Postoperatively all patients demonstrated signifi
cant improvement. All of the patients were able to

handle their secretions and six of nine patients toler
ated an oral diet. Improvement of swallowing and
handling secretions was documented by the signifi
cant decrease in suction machine use. All three pa
tients who underwent two operations were continu

ously using oral and tracheal suctioning before the
cricoid resection. Postoperatively all of the patients

Fig 4. Cross section of canine laryngopharynx after cricoid
resection. Arrows - posterior cricoarytenoid muscle. c -

cricoid cartilage, t - thyroid cartilage, h - hypopharynx.
Note intact endolaryngeal and hypopharyngeal mucosa.

were managed with cuffless tracheostomy tubes,
oral suctioning was eliminated, and tracheal sue

tioning did not exceed five or six times a day. None
of the patients were decannulated at this time, al
though we believe decannulation can be accom

plished with longer follow-up in at least half of
these patients.

DISCUSSION

The patient who undergoes extensive pharyngeal
or tongue-base resection, radiotherapy, and flap re

construction often is unable to swallow and protect
the airway due to physiologic and anatomic changes
in the hypopharynx. This situation can lead to per
manent intubation and dependence on a feeding
tube for nutrition. In order to identify the reason

for swallowing difficulties, these patients were en

doscoped. They all were free of recurrent disease.
The endoscopic findings were similar in all patients
in whom the cervical esophagoscope or the laryngo
scope could not be passed through the hypopharyn-

-

- geal inlet. This was due to multiple factors: 1) scar

ring or fibrosis after surgery or radiation, 2) reduced
diameter of the hypopharynx, 3) inability of the graft
or flap to expand, 4) cricoid cartilage against the
spine compressing the hypopharynx, 5) decreased
pharyngeal sensation, 6) lack of laryngeal eleva
tion, and 7) lack of hypopharyngeal and cricopha
ryngeal relaxation.

Submucosal, subtotal resection of the posterior
cricoid cartilage in conjunction with pharyngeal my
otomy is a surgical procedure that has been shown
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to be of benefit in the handling of oral secretions
and the return to oral nourishment in the majority
of the cases. The canine experiments indicated that
the endolaryngeal support and the airway were not

disturbed with the removal of posterior cricoid car

tilage. However, injury to the posterior cricoaryte
noid muscle or to its nerve supply at the side of the

surgery may be unavoidable.

This procedure should be considered in a postop-
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erative head and neck patient with intractable aspi
ration or as a primary procedure in the patient with
extensive tongue-base or pharyngeal resection. Total

laryngectomy must be the last resort in these pa
tients. On the other hand, tracheoesophageal diver
sion technically can be difficult in the postoperative
head and neck patient and therefore must be pre
served for the neurologically debilitated patient
with cerebrovascular accident or amyotrophic lat
eral sclerosis.
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VIDEOPHOTOLARYNGOGRAPHY USING A NEW LOW COST
VIDEO PRINTER

INSTANT ELECTRONIC FILMLESS PHOTOGRAPHY
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NEW HAVEN, CONNECTICUT

Roy D. CARLSON, MD

We introduce a new concept of electronic videophotography of the larynx on the television screen using a new Mitsubishi video
printer. With this method no standard film or chemical processing are used. Black and white prints of the television image can be elec
tronically reproduced in less than 15 seconds by pressing a button on the video printer. This method is of great value for documentation of
the progression of disease and comparison of the preoperative and postoperative appearances of the larynx. The printout of the black and
white television image of the larynx can be attached to the patient's chart as a permanent pictorial record. Such prints can also be given to
the patient or can be sent to the referring physician, the radiotherapist, and others involved in managment of the patient. This method is
also useful for demonstration of a pathological condition and for teaching at head and neck tumor conferences.

KEY WORDS _:__ videophotolaryngography.

Rapid development and ready availability of new

video and photographic products have provided
I otolaryngologists with better and easier techniques
of laryngeal documentation.I-6

Permanent laryngeal documentation can be ob
tained by using a video camera or a still camera;
these may be attached to either a fiberscope or a tele

scope. Laryngeal function is best observed by means

of a flexible nasopharyngolaryngoscope, while struc
tural changes are usually best seen through a tele

scopic laryngoscope." The chief benefit of videolar

yngoscopy is the production of a permanent record
of laryngeal anatomy and function together with
simultaneous voice recording.":" This recording is
useful for evaluation of disease and its treatment,
for patient counseling, and for teaching purposes.
The major advantages of still photography are the

superior clarity of the picture and the ease of repro
duction. The techniques of video and still photo
graphic documentation of the larynx have been de
scribed by many authors using a wide variety of
camera models.I-6 For the practicing otolaryngolo
gist, the use of a low cost home video camera has
been described by Yanagisawa et al. 1-3

The major limitation of these techniques has been
the requirement of insertion of the laryngoscope
twice, once for video and once for still camera, re

sulting in patient and physician inconvenience.

Photographs of video monitor screens may be made
after videolaryngoscopy has been performed, but
this is time-consuming and does not produce consis

tently good photographs. Until recently there has
been no cost-effective way of obtaining reliable re

production of video images from the monitor or tel-

evision screen. The recent introduction of a low-cost
electronic video printer that produces still images
instantly from any video signal now allows simul
taneous still video photography of the larynx and
videolaryngoscopy, ie, videophotolaryngography
(video laryngeal photography) at a reasonable cost.
The purpose of this paper is to introduce this new

method of "filmless photography" of the larynx at
video laryngoscopy .

EQUIPMENT
The following equipment is used:

1. Mitsubishi P50U video printer (Fig 1A) which
measures 10.95 x 21.11 x 36.04 em (45/16 x 85/16 X

143/16 in), weighs 5.35 kg (11.9Ib), and costs ap
proximately $400 (1985), and is available through
local audiovisual equipment dealers or mail-or
der video equipment suppliers

2. Olympus ENF-P flexible fiberscope and/or Na

gashima SFT-I (or Hopkins, Wolf) telescopic
laryngoscope

3. video adapters for telescopic laryngoscopes
(Olympus adapter AR-L2 with MC-08 for Olym
pus ENF-P; Nagashima video adapter F-60 mm

for Nagashima SFT-I)
4. video camera such as the Panasonic PK-973 (this

is a low cost home video camera with a C-mount

coupler, equipped with a built-in microcompu
ter character generator, and is approximately
$900) or a Panasonic WV-3150. The Panasonic
WV-3230 (an improved version of WV-3150,
but requires a C-mount adapter) is excellent for
the Olympus ENF-P, but not for the Nagashima
SFT-I. Other newer comparable video cameras

with a C-mount coupler can be used.

From the Section of Otolaryngology, Department of Surgery, Yale University School of Medicine, and the Section of Otolaryngology, Department of
Surgery, Hospital of Saint Raphael, New Haven, Connecticut.

Presented at the meeting of the American Laryngological Association, Miami Beach, Florida, May 25-26, 1985.
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CI4 in) recorder or Panasonic or other VHS
1.27-cm (I/2 in) recorder. The Sony V05600
video player-recorder with a pause capability is

very convenient and useful since it can visualize
video images while searching for a specific frame
in forward or reverse directions. When a Sony
V05600 or other 1.90-cm CI4 in) recorder is

used, it is necessary to use a special cable with
appropriate connectors (Fig IB).

A

Fig 1. A) Mitsubishi P50U video printer. Print contrast can

be set at dark, normal, and light for best image reproduc
tion. At touch of print button, sharp, clean, 10 x 8.4 em

(315/16 x 35/16 in) "hard copy" larynx is produced in 15
seconds. B) Video cables. Video printer is supplied with
UHF plug to phono (RCA) plug cable (right). When re

corder, such as Sony V05600, or monitor, has BNC input/
output jack, it is necessary to use BNC plug to UHF jack
adapter (arrow). When only phono plug to plug-video cab
le (left) is available, it requires phono jack to BNC plug
adapter (not shown).

5. light sources such as a high intensity light source

(Karl Storz xenon light source 487 C, or metal
halide arc light source 484C). The Panasonic PK-
973 with Newvicon tube is so light-sensitive that
standard light sources may suffice.

6. video recorder such as the Sony V05600 1.90-cm

Fig 2. Videophotolaryngography
during videolaryngoscopy. Print
outs can be made either during or

after videolaryngoscopy by press
ing print button or using wired re

mote control (single arrow). Dou-·
ble arrows show videophotolaryn
gographs coming from printer.

TECHNIQUE

Videolaryngoscopy is performed as previously de
scribed using the Olympus ENF-P flexible fiber
scope andlor the Nagashima SFT-I and a video
camera.I-4 A videocassette recorder is essential for
the creation of a permanent record, and a monitor
is required to evaluate video images.

To this system is added the Mitsubishi video printer
P50U. The video output signal of the recorder or the
camera serves as the input to the printer. The out

put signal of the camera is connected to the input
signal of the recorder, and the output signal of the
recorder to the printer. Television images can be
obtained either by connecting the video output of
the printer to the monitor or the video output of the
recorder to the monitor (Fig 2) .

When the desired image is seen, a print may be
obtained at the touch of a button. The image pro
duced is 10 x 8.4 em (315/16 x 35/16 in) and black and
white. Printing takes approximately 15 seconds.
Multiple copies can be made instantly by simply
pressing the appropriate button. The electronics of
the printer also permit changes in contrast, in

positive-negative imaging, and in the print orienta
tion. Print contrast can be adjusted in three steps
(dark, normal, and light). Darker video images can

be lightened, brighter images can be darkened.
Printouts are made on special thermal sensitive
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Fig 3. Videophotographs of printouts of various laryngeal conditions produced by Mitsubishi P50U printer. Black
and white Kodak Tri-X (ASA 400) paper was used. A-C) Telescopic videophotolaryngographs (Nagashima SFT-I).
A) Normal larynx on respiration, B) polyp, and C) papilloma. D-F) Fiberscopic videophotolaryngographs (Olym
pus ENF-P). D) Larynx on respiration, E) papilloma, and F) sessile polyp.

paper that is readily available. A few selective video
images are usually taken during the examination.
Additional images are printed during the replay
following the examination.

RESULTS

Although the quality of the black and white video
printouts of the larynx did not match that of stan
dard chemical processing in resolution, they were of
surprisingly good quality and quite adequate for use

in the clinical practice of laryngology. Of the 1,000
consecutive videophotolaryngographs produced using
the Mitsubishi video printer, satisfactory results
were obtained in over 85 % (Fig 3) .

.

Unfavorable results, which constituted approxi
mately 15 % of all the printouts, were mainly due to
technical factors such as electrical interference with
disturbing streaks on the screen, excessive illumina
tion, or failure of selecting the right video frames
during videolaryngoscopy. Overexposed video im

ages or images with many reflected surfaces did not

produce well, appearing white and washed out on

the video thermal paper.

The video printouts of the larynx, when copied
using high speed (ASA 400) black and white Kodak
Tri-X film, reproduced very well and proved to be
quite adequate for publication (Fig 3).

COMMENTS

The documentation of video and still images from
the same patient has required separate passage of
the scopes, once for the 35-mm single lens reflex
camera and once for the video camera. While stan-

dard still photography produces images of high
quality, the need to pass the scope twice is inconve
nient as well as time-consuming. Moreover, the still
shots may not capture the precise moment desired
in spite of rapid sequence exposures using the auto
winder. The printer overcomes these problems. A

single passage of the appropriate laryngoscope is all
that is required. Moreover, the still image desired
can be selected on review of the videotape, produc
ing a still image of the ideal moment. This can be
done by pressipg a pause button on the recorder.

Basically, when the main Print button of the video
printer is pressed, a "frame grab" is activated which
stores one complete frame of the video signal in the
printer's circuitry and converts it into a printable
matrix, consisting of 280 x 234 dots. This is then
transferred to a thermal print head, which activates
the coating on a thermal sensitive paper (thermal
paper) to produce each minuscule dot. The size of
the individual dots limits the resolution of the sys
tem, and the fact that the picture elements are re

corded in 16 discrete tones, ranging from black to

white, restricts its ability to reproduce fine details.

The limitations of the printer reside principally in
the resolution and the black and white image. The
gridlike structure is readily apparent at low magni
fication, thus limiting the usefulness of enlarge
ment. It is expected, however, that technical ad
vances will allow higher resolution by creating a

larger dot matrix and increasing the number of
darkness gradations. With rapid technological ad
vances, it is expected that the color printer will be
available by the end of this year.
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Thus, the principal value of the printer lies in its
ease of usage, speed of production, and compara
tively low cost. The 24.7S-m (82.S ft) roll will ac

commodate approximately 220 prints and costs

$4.S0 per roll. The cost per print is, therefore, ap
proximately 2 cents.

The PSOU printer is also equipped with a wired
remote control 4.80 m (16 ft). This is an important
feature that enables the examiner or an assistant to

print without reaching out to the printer during ex

amination of the patient.
An additional feature of the unit is its capability

to produce a reversed image by touching a reverse

button. Since both fiberscopic and telescopic exami
nation produce an upside down view of the larynx,
this unique capability is very useful when the sur-
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geon wishes to compare the laryngeal condition at

surgery with the preoperative video image. The re

versed, upside down image is exactly the same as

the operative view at endoscopy. This unit can also
be used during microscopic videography of the lar
ynx in the operating room.

Laryngeal images may be successfully produced
by this system with instant results and acceptable
resolution. This is particularly useful for patient
education, permanent and convenient chart record
ing, and for effective consultation with the refer

ring physician, the radiotherapist, and those in
volved in the management of the patient. Video

photolaryngography that clearly depicts laryngeal
disease may eliminate the need for a second medical
consultation.
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STROBOFIBERSCOPIC VIDEO RECORDING
OF VOCAL FOLD VIBRATION
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We describe our current system for strobofiberscopic video recording of vocal fold vibration and our early clinical experiences. The ad
vantages of the strobofiberscopic video system over the strobotelescopic video systems are 1) the range of subjects is wide, and 2) the patient
can phonate while maintaining normal head position during examination.

KEY WORDS - strobofiberscopic video recording system, vocal fold vibration.

Stroboscopic examination of vocal fold vibration is subjects. In order to minimize the problems associ-
one of the most useful routine clinical examinations ated with the strobotelescopic system, we have de-
in laryngology.":" There are, however, some prob- veloped a strobofiberscopic system. A preliminary
lems with traditional stroboscopic observation un- report of the system has been given elsewhere. 7

der a laryngeal mirror: 1) the examination is thor
oughly subjective, 2) no documentation is available,
3) there is some limitation in the range of subjects,

I, and 4) the subject must adopt an unusual head posi
tion that frequently interferes with habitual phona
tion. Recently, stroboscopic images of vibrating
vocal folds have been documented on video by means

of a telescopic system connected to a video camera.
5

However, the strobotelescopic video recording sys
tem still has problems. First, the range of subjects is
limited; it is difficult to examine many 'children,
gaggy patients, and patients with a narrow oral,
pharyngeal, and supraglottic lumen. Second, sub
jects have to phonate while maintaining an unusual
head position.

The use of a fiberscope for examining the larynx,
first described by Sawashima and Hirose" made it
feasible to observe and document laryngeal behav
ior during habitual phonation in a wide range of

ELLIPTICAL MIRROR

ASPHERICAL LENS

LIGHT GUIDE
OF

FIBERSCOPE

LIG"HT GUIDE
OF

FIBERSCOPE

A B c

APPARATUS

Our system consists basically of a laryngostro
boscope, a laryngofiberscope, a color video camera,
a video printer, a video recorder, and a monitor
television.

Laryngostroboscope. We use a modified version
of Pentax laryngostroboscope model LS-1A. The
light of the original LS-1A was not bright enough
for fiberscopic observation (Figure, A). In order to

amplify the brightness of the light led into the fiber
scope, we have placed an elliptical mirror on the
top and a spherical mirror on the bottom of the
lamp house of the laryngostroboscope (Figure; B,
C). The outlet of the light going into the fiberscope
is located at the center of the spherical mirror. The
light source, a xenon tube, is located at the first
focus of the elliptical mirror, whereas the outlet for
the fiberscope is placed at the second focus of the

ELLIPTICAL MIRROR

Schematic presentation of light
source in original (A) and modi
fied (B and C) systems. A) Light is
emitted from front window for
mirror examination and is sent to

fiberscope directly from xenon tube
through bottom exit. B,C) Ellip
tical mirror and spherical mirror
were added in order to strengthen
brightness of light for fiberscope.
B) View from side, C) view from
front.

LIGHT GUIDE
OF

FIBERSCOPE
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TABLE 1. DISTRIBUTION BY DISEASE OF PATIENTS
EXAMINED WITH STROBOFIBERSCOPIC VIDEO SYSTEM

No. oj
Disease Patients

Vocal fold polyp Before surgery 33
After surgery 7

Vocal fold nodule Before voice therapy 6
During voice therapy 4

Reinke's edema Before surgery 8
After surgery 2

Vocal fold cyst Before surgery 6
After surgery 2

Granuloma of larynx Before surgery 4
Sulcus vocalis Before treatment 3

After intrafold injection 2
During voice therapy 1

Carcinoma of larynx Before treatment 35
After radiotherapy 1
After laser surgery 24
After partial laryngectomy 5

Epithelial hyperplasia Before surgery 12
After surgery 2

Benign neoplasm Before surgery 2
After surgery 1

Vocal fold paralysis Before treatment 16
After surgery 7

Functional dysphonia 4
Miscellaneous 4

Total 191

elliptical mirror. The light source is located at the
center of the concavity of the spherical mirror. This
optical system strengthens the brightness of the light
by 3.75 times.

Laryngofiberscope. The rhinolaryngoscope Olym
pus ENF type L with an outer diameter of 4.4 mm is
used with a 75° wide-angle lens. The angulation
section is very short but provides a 130° upward
and 90° downward maneuver.

Color Video Camera. The Hitachi DK-5050 has
three CdSe tubes and weighs 700 g. We use a hang
er to hold the camera.

We also use the Hitachi VTW-200 video printer,
the Sony V05800 video recorder, and a Hitachi CT
2050A television monitor.

PROCEDURE

Topical surface anesthesia with 4 % lidocaine

(Xylocaine) is applied to the nasal, pharyngeal, and

laryngeal mucosa of the subject. The fiberscope is

transnasally inserted into the larynx. The location
of the fiberscope is monitored on the television
screen. When a good view is obtained, the images
are recorded on video tape.

We usually record the images of the larynx first
under a standard fiberoptic light during different
activities including respiration, phonation, speech,
throat clearing, and cough. Then the fiberscope is
connected to the stroboscopic light to record strobo

scopic images during phonation. The items to be ex

amined and the evaluation are based on the standard
method proposed by the Japan Society of Logopedics
and Phoniatrics. 4
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TABLE 2. DISTRIBUTION BY AGE AND SEX OF PATIENTS
EXAMINED WITH STROBOFIBERSCOPIC VIDEO SYSTEM

Age Cyr) Male Female Total

0- 9 2 1 3

10 - 19 0

20 - 29 4 11 15

30 - 39 14 2 16

40 - 49 18 8 26
50 - 59 46 6 52

60 - 69 33 8 41

70 - 79 27 3 30
80 - 89 7 0 7

Total 152 39 191

CLINICAL EXPERIENCES AND COMMENTS

During the period from June 1983 to January
1985 we held 191 strobofiberscopic video recording
sessions. Table 1 shows distribution of patients by
disease, and Table 2, distribution by age and sex.

The youngest patient was 6 years old and the oldest
was 85 years old. The stroboscopic system in our

hospital is set in the main office of the outpatient
clinic. Almost all patients with voice disorders are

examined stroboscopically first under a laryngeal
mirror. When the larynx is not visualized clearly
under the mirror or documentation on video is

demanded, we proceed to strobofiberscopic video
recording.

We first employed stroboscopic examination with
a laryngeal mirror in our clinic in 1964. In 1978, we

started using a strobotelescopic video system. Table
3 compares the stroboscopic examination with a la
ryngeal mirror, with a telescopic video system, and
with a fiberscopic video system.

One of the advantages of the strobofiberscopic
video system over the strobotelescopic video system
lies in less limitation in the range of subjects for ex

amination. We can fully appreciate the wide range
of applicability of the strobofiberscopic video sys
tem, including application for children, patients
with an omega-shaped or infantile epiglottis, and
those with a supraglottic mass or swelling. During
the period described earlier, there were only a few
patients in whom we could not conduct the exami
nation. Another advantage of the fiberscopic system
is that the patient is allowed to phonate holding a

normal head position. The patient can, therefore,
produce varying voices in the habitual or normal
manner during examination. This is very important
in evaluating voice problems.

TABLE 3. COMPARISON OF PROBLEMS IN
LARYNGOSTROBOSCOPY AMONG

THREE DIFFERENT SYSTEMS

Problems Mirror TelescoT!_e FiberscoT!_e
Lack of objectivity X
Lack of documentation X
Limitation in subjects X X
Unusual head position X X
Limited resolution X X

Topical anesthesia required X
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There are some disadvantages of the fiberscopic video is very useful for explanation of the disease to

system. First, the resolution of the image is limited. the patient, for education of students and junior
This is inherent in the fiberscope. Second, topical doctors, for repeated observations and observations
surface anesthesia is required for the nasal, pharyn- by multiple specialists which minimize the possibili-
geal, and laryngeal mucosa. ty of overlooking important findings, and for moni-

The documentation of stroboscopic images on toring the results of treatments.
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Spastic dysphonia is a clinical speech disorder characterized by spasms of the laryngeal muscles during phonation, producing a broken
pattern of speech sometimes termed laryngeal stuttering. Fourteen patients with the diagnosis of spastic dysphonia based on voice quality
were referred for evaluation; detailed clinical and electrophysiologic evaluations were performed. Laryngeal electromyographic (EMG)
testing failed to demonstrate any spontaneous activity in the 14 patients tested. Seven patients (50%) had normal number and amplitude of
motor unit potentials. Four of these had disparate amplitudes when comparedwith the other side, and two had complex motor unit poten
tials. The other seven patients (50%) had abnormal findings, including three patients with abnormally increased amplitude. Two patients
had asynchronous activity characteristic of a tremor disorder. One patient had synchronous bursts of activity also affecting the diaphragm,
later diagnosed as pyramidal and extrapyramidal disease. One patient had bursts of activity, and later presented with diffuse myoclonus.
Laryngeal EMG therefore seemed to be a more precise way of evaluating patients presenting with a tremulous voice pattern termed spastic
dysphonia. Clinical observation and EMG data demonstrated that spastic dysphonia is not a "spastic" disease. We identified patients with
tremor (2), pyramidal and extrapyramidal disease (1), and myoclonic disorders (1). The remainder of the patients had clinical and EMG

findings consistent with dystonia, a neurologic disorder characterized by abnormal, often action-induced, involuntary movements or un

controlled spasms. We classify these patients as having "focal laryngeal dystonia" when the disorder occurs in isolation. It may also present
as a component of a generalized dystonic syndrome.

KEY WORDS - electromyography, laryngeal dystonia, spastic dysphonia, speech disorder.

INTRODUCTION

Traube in 187P first described a form of nervous

hoarseness termed "spastic dysphonia." The etiolo
gy of this condition, also termed laryngeal stutter

ing, has remained elusive. Therapy has included
psychotherapy, speech therapy, biofeedback, acu

puncture, hypnosis, respiratory therapy, and vari
ous medications." All have had little success and
have not at all clarified the pathogenesis.

New interest was given to spastic dysphonia when
Dedo in 19763 described recurrent nerve section as

treatment for this condition. Since then many origi
nally successful operations have become Failures."
One explanation is that the disease is not truly spas
tic, but rather a more widespread neuromuscular
disease of many or all the laryngeal muscles. A bet
ter understanding of the pathogenesis is necessary to
more effectively treat these patients. We therefore
began performing electromyograms (EMGs) on

spastic dysphonic patients to help clarify the
disorder.

METHODS

Seventeen patients were referred by neurologists, speech patholo
gists, and laryngologists from outside and within our institution.
Fourteen patients were tested who were referred with the pre
sumptive diagnosis of spastic dysphonia, based on voice quality
alone. Three patients with generalized dystonia or multifocal dys
tonia and a voice pattern consistent with spastic dysphonia were

also examined. Twelve of the patients were women and five were

men. The age range was from 25 to 69 years with the average be

ing 45. The duration of symptoms at the time of study ranged
from 1 to 20 years with most of the patients symptomatic for 4 to 5

years.

Each patient first underwent a complete head and neck exami
nation including indirect laryngoscopy or fiberoptic direct laryn
goscopy. Our technique of percutaneous laryngeal EMG record

ings of the vocalis and the cricothyroid muscles, as previously de

scribed,":" was used to investigate patients referred for evaluation.

Briefly, the patient was tested in a recumbent position with the
neck slightly extended. The thyroid and cricoid cartilages were

then palpated. Local anesthesia was not used since it was deemed

unnecessary in this relatively painless procedure; the anesthetic

agent might also produce artifact, particularly in the cricothyroid
muscle. A ground lead was generally placed over the sternum,
and two reference leads were taped into position over both mas

toid tips.

In order to examine the two components of the vagal innerva

tion, the cricothyroid muscle (superior laryngeal nerve) and the

thyroarytenoid (vocalis) muscle. (recurrent laryngeal nerve) were

tested. We independently examined each cricothyroid and vocalis
muscle. Because EMG activity depends on the activity of muscles,
it was necessary to record any spontaneous potentials at complete
rest and those potentials activated by phonation and swallowing.
The cricothyroid muscles were tested by placing 5-cm monopolar
needle electrodes through the skin just lateral to the midline and
over the cricoid prominence. The needles were directed along the
cricoid cartilage superiorly and laterally until motor unit poten
tials (MUPs) were heard and seen on the oscilloscope screen. This

may be performed bilaterally to allow for simultaneous record

ings. The thyroarytenoid (vocalis) muscles were next tested by
passing the needles through the skin in the midline and then

through the cricothyroid membrane, and directing them super-
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TABLE 1. LARYNGEAL EMG DATA FROM PATIENTS WITH PRESUMPTIVE DIAGNOSIS OF SPASTIC DYSPHONIA,

AND FROM PATIENTS WITH GENERALIZED OR MULTIFOCAL DYSTONIA

Patient Sex Age Amplitude Other EMG Findings Associated Findings Final Diagnosis
F 31 N Complex units Dystonia

2 F 58 IL Abductor spasms Dystonia
3 F 33 N Dystonia
4 M 61 IR Polyphasics Dystonia
5 F 50 IL Persistent activity L Dystonia
6 M 31 Bursts of activity-myoclonus Myoclonus
7 F 30 N Synchronous bursts-diaphragm Extrapyramidal and

pyramidal disease

8 F 69 IR Polyphasics Post nerve crush Dystonia
9 F 25 IR Asynchronous activity

10 F 40 N Tremor activity Tremor

11 M 34 IL Dystonia
12 F 56 N Asynchronous tremor activity, tongue, mylo- Tremor

hyoid, sternocleidomastoid

13 F 56 I L Cricothyroid Fragmented MUPs, pseudomyotonic dis- Post nerve crush Dystonia
charges

14 F 26 N Dystonia
15 M 60 N Associated blephar- Dystonia

ospasm; oromandib-
ular dystonia

16 M 62 N Oromandibular dys- Dystonia
tonia

17 F 47 N Occasional polyphasic potentials Generalized dystonia Dystonia
There was no spontaneous activity, and action potentials had normal numbers in all cases.

N - normal, r - increased, MUP - motor unit potential.

Electromyography of the laryngeal muscles failed
to show any abnormal spontaneous activity (indica
tive of denervation) in any of the patients. Patients
1 to 14 displayed a variety of EMG patterns during
phonation and swallowing. Seven patients (50 % )
were found to have a normal number and ampli
tude of MUPs in both the cricothyroid and vocalis
muscles bilaterally. This group includes patient 1,
who had complex MUPs on the left, patient 4 with

polyphasic potentials on the right, patient 5 with

persistent electrical activity on the left after cessa

tion of function, and four patients with disparities
in amplitude when comparing right to left. Accord

ing to our .previous published data of laryngeal
EMG, we found that complex or polyphasic MUPs
could be considered abnormal only when they com

prised more than 20 % of the recorded potentials. 6

The remaining seven patients (50 %) displayed
abnormal EMG patterns, including three patients
(21 %) who had an increased amplitude of MUPs

unilaterally on phonation. Two of these were pa
tients who had previous recurrent nerve crush oper
ations (Nos. 9 and 13). One patient (No.2) had ab
ductor spasms.

Two patients (14 %) displayed an asynchronous
activity characteristic of a tremor disorder (Nos. 10
and 12).11 Patient 7 (7 %) revealed synchronous
bursts of activity also affecting the diaphragm,
which was diagnosed as extrapyramidal disease. Pa
tient 6 (7 % ) presented with periodic bursts of activ

ity and later developed diffuse myoclonus.
Patients 15 to 17 included one patient with gener

alized dystonia, one patient with oromandibular

iorly and laterally until they pierced the muscle, producing crisp
MUPs; this was performed bilaterally.

This percutaneous technique is simple, relatively painless, and
can be done on an ambulatory basis. We have not encountered

any laryngospasm, hematoma, or other untoward effects.

RESULTS

The normative data and findings on a variety of
neuromuscular diseases affecting laryngeal function

using our technique have been previously published. 5,9

The normal amplitude range is 100 to 400 JlV and
the duration is 3 to 6 ms with monopolar electrodes.
This compares well with Faaborg-Anderson's nor

mative data" using concentric needle electrodes
which had an amplitude range of 224 to 358 JlV and
a mean duration of 5.3 ms for cricothyroid and 3.5
ms for vocalis muscles. The rise time of acceptable
motor units with our technique was shorter than
100 JlS for the main spike, and selection was by
means of a sharp or crisp sound. Onset, terrnina

tion, and plasticity were defined according to the
classic studies of Buchthal,lo

No abnormalities were found in any of the pa
tients on indirect or fiberoptic laryngoscopy. In one

patient (No.7), abnormal diaphragmatic spasms
were observed in addition to the spasmodic dys
phonia (Table 1). Patient 12 was observed to have
tremor motions about the tongue and the floor of
the mouth, and in the sternocleidomastoid muscles,
in addition to having a spasmodic dysphonia. Three
cases of spasmodic dysphonia had associated dys
tonias including blepharospasm (No. 15), oroman

dibular dystonia (Nos. 15 and 16), and generalized
dystonia (No. 17).



Blitzer et al, Electromography in Focal Laryngeal Dystonia 97

dystonia, and one patient with blepharospasm and TABLE 2. CLASSIFICATION OF DYSTONIA

oromandibular dystonia. All three of these patients Age at onset

had normal numbers and amplitudes of MUPs on Infantile « 2 yr)
phonation. Childhood (2-12 yr)

Juvenile (13-20 yr)
DISCUSSION Adult (> 20 yr)

Clinically spastic motion is irregular; patients may
have hyperactive deep tendon reflexes produced by
upper motor neuron lesions. Shimazu et al12 evalu
ated the electrophysiology of spasticity and found no

potentials at rest. There were, however, exaggerated
discharges with increased stretch which fatigued,
causing a rapid decrease in potentials despite a contin
ued increase in stretch. Basmajian':' confirmed that

spastic muscles had no action potentials at rest but

greatly exaggerated MUP activity,' on stretch reflex.

Tokizane in 195514 demonstrated that regularity
in unit discharge is related to proprioceptive affer
ent impulses from somatic muscle stimuli, and that
when proprioceptive impulses decrease, the dis

charge pattern becomes irregular and slows.

Shimazu et al12 found that the total number of
MUP discharges in spasticity depended on the veloci

ty of the stretch. Rapid stretch produces large spikes
of short duration, and slow stretch produces small
spikes. Rodriguez and Oester" found that during
maximal contraction in spastic patients, there is
often a summation or interference pattern on EMG.
As the discharge frequency increases, the total volt

age becomes lower than normal. Some spastics dis

play dystrophic potentials which are low in voltage,
short in duration, and polyphasic. In more advanced
cases, there is a disintegration of the motor unit pro
ducing fibrillation-like potentials similar to those
seen in peripheral denervation. Clonus may be pro
duced in which there is a complete synchronization
with periodic bursts of action potentials at a con

stant rate.

We could not find any similarity in comparing
these described findings indicative of spasticity with
the laryngeal patterns of our patients with spastic
dysphonia. These findings revealed no irregularity
of firing, dysynchrony, or slow firing of MUPs.

We have recognized a dysphonia similar to spas
tic dysphonia in patients with dystonia, a neurolog
ic disorder characterized by abnormal involuntary
movements. Dystonic movements may be either slow
and sustained, or rapid turning movements that
result in involuntary postures that interfere with
smooth functioning. Dystonia may be classified ac

cording to distribution, cause, or age at onset (Ta
ble 2).16 Patients may present with focal dystonia
which involves one region or group of muscles. Ex

amples are blepharospasm (forced, involuntary eye
closure), oromandibular dystonia (involving facial,
jaw, and tongue muscles), torticollis (neck muscles),
and writer's cramp (action-induced involvement of
hand muscles). When multiple regions are involved,

Etiology
Primary

Familial or nonfamilial

Jewish or non-Jewish
Secondary

Associated with other hereditary neurologic disorders (eg,
Wilson's disease, Huntington's disease, ceroid lipofuscinosis)
Environmental (eg, posttraumatic, postinfectious, vascular,
tumor, toxic)
Associated with parkinsonism
Hysterical

Distribution
Focal

Blepharospasm (forced, involuntary eye closure)
Oromandibular dystonia (face, jaw, or tongue)
Torticollis (neck)
Writer's cramp (action-induced dystonic contraction of hand)
Spastic dysphonia (see text)

Multifocal
Generalized
Unilateral

Adapted from Fahn.:"

the condition is classified as multifocal, unilateral,
or generalized. The etiology may be primary (famil
ial or sporadic), or secondary to basal ganglia dis
ease. The age of onset may be characteristic for spe
cific forms of dystonia. Some of these conditions
were thought to have a psychogenic origin because
they were triggered by specific actions, exacerbated
during mental and social stress, and may be associ
ated with psychiatric disability without obvious
cause.17 However, at present, a CNS cause is sup
ported in most cases.

16.18-20

The evidence that spastic dysphonia ist form of
dystonia follows. Patients with idiopathic general
ized (familial or sporadic) dystonia may also dem
onstrate spastic dysphonia as a symptom. For in

stance, of 712 patients registered in the Dystonia
Clinical Research Center Data Base, 16 have evi
dence of laryngeal involvement, three are focal and
13 have evidence of more widespread disease. Three
of these patients are included in this report. On ex

amination, there is involuntary, frequently action
induced, contraction of laryngeal adductors result
ing in ineffective speech. Similarly, breathy dys
phonia is due to involuntary, inappropriate con

traction of the abductors. Like other forms of crani
al dystonia, most patients present in adulthood. The
spasms are poorly controlled by the patient, and the
symptoms are often exacerbated under stress.

Electromyography of somatic dystonic muscles
reveals no involuntary activity in the focal or

segmental form, although some involuntary activity
has been reported in generalized dystonia. Rothwell
et al" found three groups of EMG abnormalities in
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generalized dystonics: continuous periods of activi

ty lasting 30 seconds with short periods of silence;
spasms of 1 to 2 seconds followed by silence (rnyo
rhythmia); and rapid irregular spikes lasting 100
ms, resembling myoclonus.

In our patients referred for evaluation of spastic
dysphonia, we- identified four patients with abnor
malities diagnostic of another neurologic condition

(tremor, myoclonus, and pyramidal and extrapyr
amidal disease), and the remainder had clinical and
EMG patterns typical of dystonias. In this latter

group, examination of the vocal apparatus was

identical for patients with focal laryngeal involve
ment and those with more generalized dystonic dis
ease (Table 1).

Some spastic dysphonia patients had abnormal
brain stem responses to auditory stimuli, suggesting
dysfunction of brain stem· neural connections. 22.23

Feldman et aP4 demonstrated a reduction in the
fluctuation of heart rate during deep respiration,
and a decreased gastric acid secretion in response to

sham feeding; both are vagal functions and suggest
a central brain stem cause. A systematic examina
tion of brain stem auditory evoked potentials in our

population was not performed, but abnormalities
have not been documented in a few of our patients
with other forms of cranial dystonia.

Appropriate classification of patients referred for
spastic dysphonia follows detailed clinical examina
tion and laryngeal EMG. Clinical observation and
EMG data demonstrate that spastic dysphonia is
not a spastic disease. We identified patients with
tremor, myoclonus, and pyramidal and extrapyra
midal disease. The remainder of the patients had
clinical and EMG findings consistent with dystonia.
Disordered movement in dystonia is postulated to

be due to a problem in central motor processing.
We have no evidence for a peripheral nerve or mus

cle lesion in spastic dysphonia, and suggest a similar
central disorder in this condition. We classify spas
tic dysphonia as a type of dystonia (laryngeal dys
tonia) that may present focally or in association
with other dystonic movements.
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A sample of 19 spasmodic dysphonia (SD) patients was selected from a larger population of such patients to undergo magnetic
resonance imaging (MRI), auditory brain stem response (ABR) testing, speech analysis, and extensive physical examination. Six patients
had abnormal spin-echo MRI findings, ranging from infarcts within the basal ganglia to demyelinating lesions within the supralateral
angles of the lateral ventricles. A weakly positive correlation was noted between the abnormal MRI findings and an abnormal ABR. The
lack of a significant correlation between the MRI findings and other predictors of brain stem and midbrain disease, and the current spatial
resolution limitations of MRI, suggest that we are visualizing the associated lesions rather than the actual foci of SD. The range of MRI

findings is consistent with the concept that SD is a voice disorder in a heterogeneous patient population.
KEY WORDS - auditory brain stem response, magnetic resonance imaging, single photon emission computed tomography,

spasmodic dysphonia.

INTRODUCTION

Spasmodic dysphonia (SD) is a devastating voice
disorder of unknown etiology, with variable clinical
presentation and response to treatment. The voice
of such patients is characterized by "staccato, jerky,
squeezed, effortful, or groaning vocalizations. "1

Opinion has been polarized in the past century be
tween psychiatric and organic etiologies for the dis
order.":" This polarization has arisen from 1) histor
ically inadequate description and definition of the

entity, 2) the trend to view SD as a pure disorder
rather than a vocal behavior having multiple etiolo
gies, and 3) the inherent difficulties in documenting
and developing a model for a voice disorder.

Traube (1871) is credited as the first to report a

"spastic form of psychogenic hoarseness" while con

trasting the various manifestations of "typhus ab
dominalis" upon the larynx.

Die spastische Form der nervosen Heiserkeit beobachtete Pro
fessor Traube bei einem hysterischen jungen Madchen. Die sehr
heisere, fast aphonische Patientin vermochte mit grosser An

strengung nur zuweilen sehr hohe, fistulirende Tone anzuschla

gen. Die laryngoscopische Untersuchung ergab einen krampfhaf
ten Verschluss der Stimmritze, wobei die linke Cartilago ary
thaenoidea sich vor die rechte schob und wahrscheinlich auch die
Stimmbander zum Theil sich deckten. Das Verhalten dieser letz
teren war desshalb nicht zu eruiren, weil die Epiglottis stark nach
hinten geneigt war. Auch in diesem Falle hatte der electrische in
constante Strom keine Wirkung.?

Translation: The spastic form of the nervous hoarseness was ob
served by Professor Traube in one hysterical young girl. The very

hoarse, nearly aphonic patient could only rarely produce some

high frequency falsetto tones with great effort. The laryngoscopic
examination gave a spastic closure of the vocal cord whereby the
left arytenoid cartilage shifted in front of the right one while

probably also the vocal cords particularly overlapped each other.
The behavior of the vocal cords was not examined because the

epiglottis was inclined strongly backwards. Also in this case, the
electrical energy does not show any effectiveness [sic].

This casual reference to a young woman in a five
page chapter on laryngeal afflictions caused by
typhus is the origin of psychogenic theories of SD.
Traube based his diagnosis on the short duration of
the illness and assumed a hysterical etiology. In 1874
and in 1895, Schnitzler described two patients with

"cramping of the vocal cords and forced volce.""
These patients were noted to have synkinesis of
facial muscles and abnormal movements of the
arms and legs. He postulated an organic etiology
and called this entity "aphonia spastica" or spastic
dysphonia. A century after Traube's original de
scription, Aronson pointed out that this designation
was clinically misleading, because spasticity arising
from corticospinal (pyramidal) disease implies a

form of rigidity, 1.2 whereas extrapyramidal disor
ders characteristically "wax and wane from mo

ment to moment in a spasmodic fashion," and are

best described as "spasmodic."
For the past 25 years the concept that SD was a

purely psychosomatic disorder has been seriously
challenged. In 1960, Robe et al published the results
of their EEG study of ten patients with SD of one

half to 15 years duration." Forty percent of the pa-
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tients had a positive history of neurologic disease in
the family, and nine patients had abnormal EEG

findings primarily localized to the temporoparietal
region. Motivated by personal observation and the
work of others, Aronson et al examined the charac
teristics of the symptoms of 34 patients. Their voices
showed excessively low pitch, harshness, strain

strangle, and monopitch. Aronson felt that voice
tremor, facial or tongue twitches, and head or hand
tremor were highly linked neurologic signs rather
than incidental findings which had been previously
dismissed by others as evidence of a psychosomatic
illness. 1,2 Subsequent investigations by Aronson et al
strongly suggested that SD had several characteris
tics in common with other known neurologic disor
ders such as hereditary tremor. 1,2

The next challenge to the psychiatric theory of SD
came when Dedo reported the results of sectioning
the recurrent laryngeal nerve in 34 patients." His
stated rationale for this operation was that "paraly
sis of one recurrent laryngeal nerve in a normal in
dividual not only paralyzed the vocal cord but sets

it in a paramedian position so that the normal (un
paralyzed) cord fails to reach it as firmly as usual,
causing a breathy but phonatory soft voice." Dedo
reasoned that "severing the recurrent laryngeal nerve

in a patient with spasmodic dysphonia would allow
"the other vocal cord to precompensate so that its

excessively strong adduction would carry it across the
midline to the deliberately paralyzed cord, giving a

relatively normal phonation."lO Despite Dedo's in
itial success with this operation, controversy exists

regarding the selection of patients and the reported
long-term results from the procedure. 11,12

In search of a model for SD, several investigators
have conducted a series of experiments to probe the
eNS. In our laboratory, the earlier auditory brain
stem response (ABR) testing of Sharbrough et al13
was expanded to include standard and modified
stimulus repetition rate ABR.14,lS These studies
showed reproducible brain stem conduction abnor
malities in a significant number of SD patients
(39 % to 50 %, depending on the ABR format). The
elucidation of a more compreherisive view of eNS
involvement followed from the documentation of

vagal parasympathetic abnormalities as measured
by gastric acid secretion and cardiac testing on SD

patients. 16,17

Aside from the above physiologic measurements,
there has been little reproducible evidence for a

neurologic basis for SD. To the best of our knowl

edge, there has been no radiographic or other imag
ing technique that has identified eNS lesions in this
voice disorder. To this end, we report the results of

magnetic resonance imaging (MRI) in a highly stud
ied population of SD patients. These results are cor

related with a series of tests and observations con

sidered significant in assessing the degree of eNS
involvement.

METHODOLOGY

PATIENT SELECTION

Nineteen patients were prospectively drawn from a larger pop
ulation of SD patients who had previously participated in several
studies of this disorder conducted by Callier Center for Com
municative Disorders and the University of Texas Health Science
Center at Dallas.14-17 The details of the criteria for entry into the
overall study, the various medical examinations, and the live and
taped assessments of phonatory behavior have been previously
published. 16 The patient sample was selected for MRI to represent
a range of clinical and testable evidence of CNS abnormalities,
with the sample slightly skewed toward patients with abnormal
ABR parameters. Thirteen patients were women and six were

men, with an average age of 50 years (range 33 to 73 years). Four
of the patients associated trauma with the onset of their speech
disorder, eight recalled a viral illness shortly before developing
SD, and seven had no identifiable etiology. In addition, informa
tion was sought by either interview or questionnaire regarding 11
associated findings that we considered to be indicative or highly
suggestive of CNS disease. These ranged from head or body tre

mors to difficulty with memory. Informed consent was obtained
in all patients in compliance with the rules of the Human Subject
Use Committees of Callier Center for Communicative Disorders
and University of Texas Health Science Center at Dallas.

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging of the brain was performed on a

Diasonics MT/S scanner using a .35 Tesla superconducting mag
net.ls All images were obtained by spin-echo technique at one of
four pulse repetition rates (TR) of 0.5, 1.0, 1.5, or 2.0 seconds. Al]
patients underwent initial screening sequence in the transaxial

projection using a TR of 2.0 seconds which provided an image
that was heavily weighted for T2 relaxation information. In most

cases, additional pulse sequences were performed with a short TR,
usually 0.5 seconds, in order to obtain an image which was heavi
ly weighted for Tt relaxation information. Further views in
cluded sagittal projections in most patients, and whenever indi
cated, coronal projections. All pulse sequences were performed
using multislice technique, which provided simultaneous acquisi
tion of between five and 20 slices during each pulse sequence. This
was done in order to minimize scan time, which averaged 45 to 60
minutes.

The MRI scan is completely noninvasive and did not require
the injection of any contrast agents. All images were obtained
with the patient lying quietly supine within the magnet. The sag
ittal and coronal reconstruction of the images was performed elec

tronically and did not require specialized positioning of the pa
tient. Acquisition time for the different imaging sequences varied
from four to 17 minutes, depending upon the parameters set for
the pulse sequence. Image reconstruction was done using a two

dimensional Fourier transform technique, and two spin-echoes
were routinely obtained at 28 to 56 ms for each different TR

employed.
Determination of a normal baseline examination was estab

lished using control scans obtained from normal volunteers and
from a clinical pool of patients who had normal neurologic exami
nations and no voice disorders. These patients had normal com

puted tomography (CT) scans and were undergoing MRI imaging
of the brain for evaluation of nonspecific signs and symptoms,
'such as headache or seizures. In addition, the neuroradiologist
(KM) interpreting the MRI studies was blinded as to the results of
the other clinical and laboratory investigations in order to prevent
a bias in the evaluation of the MRI images.

AUDITORY BRAIN STEM RESPONSE

The same methodology was employed as described in previous
publications. 14.15 Measurements were made of wave I to V inter

peak latency (IPL) and the change in wave V latency at high stim
ulus rates. The ABR was considered abnormal if 1) the wave V
IPL at 20 clicks per second (60 dB nHL) was � 4.6 ms, or 2) a shift
of 1.04 ms was demonstrated for wave V after increasing the stim
ulus rate from 20 to 90 clicks per second.
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TABLE 1. PATIENT CHARACTERISTICS

Vocal
Patient Duration oj MRI Characteristics Associated No. Associated

No. Symptoms Cyr) Age Sex Findings ABR Type Tremor Etiology Findings
1 21 50 M + AD + Unknown 2
2 10 73 F + + AD + Trauma 3
3 3 46 F AB + Viral 8
4 3 46 M AD + Trauma 7
5 3 48 F AD + Viral 6
6 4 50 F + AD Trauma 2
7 2 48 M + AD + Unknown 3
8 7 58 F + AD + Unknown 6
9 16 51 M + AB + Viral 2

10 16 44 F + + AD + Unknown 4
11 2 39 F + AD + Trauma 3
12 3 39 M AD Viral
13 9 59 F + + AD + Viral
14 5 45 M AD Unknown 4
15 8 53 F AD + Viral 8
16 2 33 F -t AD + Unknown 4
17 13 60 F + + AD + Viral 7
18 10 65 F AD + Unknown 9
19 4 49 F + + AB + Viral 11

Associated findings include difficulty swallowing, headache, neck pain, visual disturbances, tinnitus, fainting, head or body tremors and tics, taste
disturbance, impaired mental function ("foggy"), memory difficulties, and impaired lexical access.

AD - adductor spasmodic dysphonia, AB - abductor spasmodic dysphonia, + - abnormal by that examination procedure, - - normal by that ex-

amination. (In the category of vocal characteristics + refers to presence of voice tremor).
* Abnormal left temporal lobe blood flow by single photon emission CT.

r Abnormal left sylvian, posterior temporal, and occipital blood flow by 133Xe inhalation.

STATISTICAL ANALYSIS

Descriptive statistics included frequency distributions for cate

gorical variables such as MRI and ABR findings, presence or ab
sence of tremor, viral or trauma etiology, and sex. Summary sta

tistics (mean, standard deviation, and range) were determined for
numerical variables (eg, age, duration, and number of associated

findings.) The presence of lesions as determined from the MRI
was correlated with categorical variables using Fisher's exact

probability test. Point biserial correlation coefficients were calcu
lated to assess the degree of association of age, duration of the dis
order, and number of associated findings with the presence or ab
sence of lesions found by MRI. Statistical analyses were carried
out in the DEC System 10 computer, using the UTHSCD-ISP

package of statistical programs.
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RESULTS

A profile of the patients and the findings of the
various investigations is presented in Table 1.

MAGNETIC RESONANCE IMAGING

Six patients had recognizable abnormalities with
in the CNS. These primarily presented on spin-echo
MRI as either areas of variably increased signal in

tensity or discrete lacunae of low signal intensity.
The former findings are consistent with suspected
demyelinating lesions seen in multiple sclerosis or

microvascular disease, whereas the latter are thought
to represent cavitation secondary to small cerebral
infarcts;" The sites of lesions ranged from the basal

ganglia to the supralateral angles of the lateral ven

tricles (Table 2 and Figs 1-3). The remaining 13 pa
tients were interpreted as normal since there were

no discernible abnormalities within the CNS on

MRI. Imaging of ten normal volunteers (ages 25-50

years) and more than 100 normal control patients,

as described in Methodology section, showed nor

mal brain structures without evidence of areas of
altered signal intensity.
AUDITORY BRAIN STEM RESPONSE

Of the 19 patients, 10 (53 %) demonstrated ab
normalities on ABR (Table 1). Seven had either an

interpeak latency abnormality or a rate abnormali
ty in one ear. Three exhibited disorders in both test
conditions or in two ears (ie, a rate abnormality in
both ears or an IPL prolongation and a rate abnor
mality in one ear) .

CORRELATIONS AND SELECTED CASE REPORTS

The result of MRI imaging was correlated with

TABLE 2. SPECIFIC MRI FINDINGS

Patient
No. Abnormality

2 Right tract (probably gliosis) extending paramedian from
parasagittal region in parietal area down to posterior thal-
amus

6 8-mm lacunar infarct in left inferior basal ganglia, left
periventricular microinfarction

10 15-mm area of increased T2 signal in left forceps major
consistent with glial scar or demyelinating plaque

13 Small areas of increased T2 signal adjacent to both frontal
horns, extending posteriorly along supralateral angles of
lateral ventricles

17 Multiple discreet areas of increased T2 signal adjacent to
both frontal horns and in deep white matter of cerebral
hemispheres; lesions consistent with multiple demyelinat
ing plaques or microvascular ischemic lesions

19 12-mm pineal gland with high signal mass suggesting pine
al tumor
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age, sex, duration of illness, vocal characteristics,
ABR results, and the number of selected associated
findings. There was a weakly positive association
between age and presence or absence of MRI find

ings (rpbi = 0.445, p = 0.056). No men had a positive
MRI imaging, while six of 13 women did have ab-
.norrnal MRI images (p = 0.11). No association was

found between MRI results and duration of the dis
order (rpbi= 0.13, p = 0.61). There was a weakly
positive association of MRI results with ABR; five
patients were positive for both (p = 0.14). Vocal tre

mor was evident in five of six patients who had posi
tive MRI results and 11 of 13 who were. negative
(p = 1.00). There was no relationship of MRI find
ings with the number of associated findings (rpbi =

-0.01, P = 0.98).

Four patients' case histories are presented to illus
trate certain features of SD, the possible signifi
cance of the associated etiology, and the limitations
of current MRI technology. Specific findings are

Fig 1. (Patient 2) Spin-echo MRI scans.

A) Coronal projection. (TR
= 1.5 s, TE

= 56
ms) at level of posterior thalamus show
ing high signal intensity linear tract (ar
rows) extending from parasagittal region
on right side to posterior thalamus. B)
Axial projection (TR = 2 s, TE = 56 ms) at
level of centrum semiovale showing cross

section of tract (arrow) demonstrated on

coronal view.

summarized in Tables 1 and 2, and are therefore
omitted from this part of the report.

Patient 2. A 73-year-old woman with a lO-year history of SD
associates the onset of her voice disorder with a thalamotomy per
formed for spasmodic torticollis a year earlier. Subsequently, she
was hospitalized for a presumed psychogenic voice disorder and
recurring nausea. The severity of her voice disorder was reported
as essentially unchanged from its original onset, whereas the nau

sea was markedly improved with medical management. She pre- ,

sented to us with moderate adductor SD with a mild perceptual
vocal tremor. Laryngoscopy revealed severe hyperadduction of
the vocal folds. Lidocaine-induced paralysis of the left recurrent

laryngeal nerve led to marked improvement in vocalization (see
Fig 1 for MRI).

Patient 4. A 46-year-old man had a 3-year history of adductor
SD following head and neck trauma sustained in an automobile
accident. The patient noted that his voice disorder followed with
in weeks of the accident and has remained unchanged for the past
3 years. He underwent an extensive evaluation by two neurolo
gists, including CT scanning of the brain, prior to presenting to
us. Aside from those findings summarized in Table 1, an intensive

neurologic examination by one of the authors (ER) suggested a

subtle speech-language disorder. Therefore, after obtaining a nor

mal MRI scan, the 'patient underwent a cerebral blood flow study

Fig 2. (Patient 6) Spin-echo MRI scans. A) Coronal projection (TR
= 1.5 s, TE = 28 ms) shows low signal O.8-cm lesion in. inferior as

pect of left basal ganglia (arrows). B) Coronal projection (TR
= 1.5 s, TE

= 56 ms) at same level as A demonstrates single lesion with
long T, in left periventricular region. Note also low signal area again visible and consistent with cystic lesion due to same signal
variation as CSF on multiple and different pulse sequences (arrow). C) Axial projection (TR

= 2 s, TE
= 56 ms) at level of midbrain

again demonstrates cavitary lesion in left basal ganglia (arrow).
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Fig 3. (Patient 13) Spin-echo MRI scan. Axial projection
(TR = 2.0 s, TE= 56 ms) at level of frontal horns showing
several areas of increased signal intensity adjacent to both
frontal horns and in right periventricular regions (arrows).
Frontal horn lesions were shown in adjacent images to ex

tend slightly posteriorly along supralateral angles of lateral
ventricles.

using single photon emission computed tomography (SPECT). 21

This revealed low blood flow in the left temporal lobe (Fig 4).
This finding was interpreted as consistent with an injury to this
region of the brain following head trauma.

Patient 6. A 50-year-old woman developed adductor SD 4 years
ago following cervical trauma in an automobile accident. Within

Fig 4. (Patient 4) Axial SPECT

image 2 em above canthomeatal
line showing asymmetry of bases
of temporal lobes, with evident
flow region of left side (slice 1).21
In slice 2, 6 em above canthomea
tal line, there is wedge-shaped
area of low flow in upper portion
of left temporal lobe posteriorly
impinging upon occipital lobe (ar
rows). Slice 3 is 10 ern above can

thomeatal and unremarkable.
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7 weeks after the accident she developed severe neck pain and SD.
Her initial evaluation by several neurologists was primarily con

cerned with her neck injury, which revealed a cervical radiculop
athy at C6-7 without radiographic evidence of a spinal fracture or

dislocation. She originally presented to us with aphonia which we

later observed to be the manifestation of severe adductor SD. Un
like the majority of our SD patients, she is dysphonic on vegeta
tive vocalizations and paralinguistic utterances as well as proposi
tional speech. Laryngoscopy was consistent with our perceptual
impression of her vocalizations in that the sphincteric action of
her larynx was so severe that the larynx appeared to fold in on

itself during vocalization (see Fig 2 for MRI).

Patient 13. A 58-year-old woman experienced the gradual onset

of SD beginning in 1975 following a generalized viral type infec
tion. By 1978 she had noted a dramatic worsening of her voice dis
order, which appeared to stabilize after that time. She underwent
thorough neurologic examination, in particular to rule out myas
thenia gravis. In addition to those findings summarized in Tables
1 and 2, she complained of ptosis of one eyelid and right arm

weakness. When seen by us she was noted to have moderate to se

vere adductor SD with a vocal tremor. Laryngoscopy was consis
tent with her voice findings (see Fig 3 for MRI).

DISCUSSION

In addition to reporting the first series of SD pa
tients with MRI evidence of eNS disease, we have
sought to correlate these findings with a variety of
other parameters. Analysis of the results reported
herein and a review of earlier work have led us to

postulate that SD is a voice disorder in a heteroge
neous patient population. Such patients present
with a mosaic of clinical and subclinical findings
(inapparent except by special testing), which so far
has resulted in a failure to find one single test or

technology capable of evaluating all of them. Spin-



sists of increased signal intensity, which may repre
sent demyelination similar to that seen in multiple
sclerosis;" The other type is characterized by cir
cumscribed areas of low signal strength, probably
representing cavitated areas secondary to small
cerebral infarcts.

Correlating the types of MRI lesions with the asso

ciated etiology may suggest the actual mechanism
of CNS insult. In patient 6, onset of SD shortly after
head trauma associated with multiple cerebral in
farcts may represent the result of ischemia follow
ing a traumatized blood supply. The same mecha
nism may have led to the reduced left temporal lobe
blood flow noted in patient 4. Of equal interest,
and perhaps of more significance due to a higher in

cidence, is the association of a viral illness in two of
the three patients with multiple sclerosis-like le
sions.?" These findings might imply that SD in some

patients is the consequence of a viral-induced auto
immune phenomenon and is a self-limited variation
of a broader disease such as multiple sclerosis.

We had attempted to find a statistically significant
correlation between the MRI findings and parame
ters that were thought to be indicative of brain stem

and midbrain dysfunction. The lack of a strong cor

relation suggests several possibilities. First, we may
have selected an inadequate set of measures to assess

such disease. Second, if the sample size was larger,
it is possible that a more positive correlation would
be evident. Third, and most consistent with our

views of the limitations of current MRI technology,
we may not be observing the actual foci of SD, but
rather only the associated macroscopic (eg, > 3
mm) lesions. This view is particularly applicable in
those patients with multiple sclerosis-like findings,
since whole brain sectioning of multiple sclerosis
patients has shown a wide distribution of plaques
varying from < 1 mm to > 4.5 cm ." Finally, as we

progress from the purely anatomic imaging of proton
MRI to the metabolic imaging of SPECT, it is possi
ble that we will observe the reciprocal effects of
higher brain centers on the motor pathways of speech.

104 Schaefer et al, MRI in Spasmodic Dysphonia

echo MRI imaging revealed various lesions within
the CNS in 32% of our test sample. Initially, we

had hoped to identify brain stem or midbrain le
sions by MRI. Such identification would be most
consistent with our earlier concepts of SD which
assumed disease within the brain stem reticular for
mation and periaqueductal gray neurons to account
for the observed abnormalities within the somatic
and visceral pathways.Pt"" The patient with a

pineal tumor and the patient with SD following a

thalamotomy may represent examples of such dis
ease. However, we now feel the current spatial reso

lution limitations of MRI are such that imageable
lesions within the brain stem of the majority of af
fected patients would have to be so large as to

significantly affect other brain stem functions. In
such cases, our sample patients should have overt

clinical findings, rather than the often subtle,
subclinical ones that we have observed.

These results have several implications. First, we

could be imaging CNS disease which is purely coin
cidental or a variation of normal. We believe this is

, unlikely because normal control volunteers and nor

mal patients do not have such lesions. Although we

have seen a previously unsuspected, infarct-like le
sion in an occasional older patient undergoing an

MRI scan for evaluation of a head and neck tumor,
this is a rare finding ( < 3 % ). Patients with such le
sions usually have had a history or clinical evidence
of a cerebral vascular accident. Second, the validity
of MRI might be questioned since only one third of
our patient sample had abnormal findings. We be
lieve this again illustrates the limitations of anyone
technology as a means to discern abnormalities in
all SD patients. This concept is well demonstrated
in patient 4, who had a normal MRI scan, although
there was evidence of a language association disor
der on neurologic examination. The patient then
underwent SPECT imaging with the disclosure of

impaired left temporal cortical blood flow. Finally
- aside from the two patients discussed earlier -

we have found two types of lesions. One type con-
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LARYNGEAL DYSGENESIS
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A case of a previously undescribed anomaly of the larynx is presented and offers insight and support of current concepts of fetallaryn
geal development. The patient possessed unilateral absence of true and false vocal cords, laryngeal ventricle, and saccule. Current concepts
of embryological development would place the development of this anomaly and most of the patient's other multiple anomalies in the

period of the 6th to 9th weeks of fetal life. This report lends substantiation to the stages of laryngeal development by demonstrating an

aberration in the normal sequential development. Additionally, the time period of this maldevelopment is suggested by the concurrence of

multiple other anomalies. Aspects of laryngeal embryology relevant to laryngeal maldevelopment are reviewed.

KEY WORDS - fetal laryngeal development, laryngeal anomaly, laryngeal atresia, laryngeal dysgenesis, laryngeal embryology.

INTRODUCTION

Congenital atresia of the larynx is a rare phenom
enon that offers occasional opportunities to study
the embryogenesis of the larynx from an alternative

I perspective. These infrequent occurrences provide a

vantage point from which to observe the conse

quences of development that have been derailed.
Since Rossi first described this condition in 1826,
only about 40 cases have been described in the
western literature. 1-3

The development of the human respiratory system
and the timing of these events have been detailed by
O'Rahilly and Boyden," and reviewed and expanded
upon by O'Hahilly" and Tucker and O'Rahilly. 6 The

Carnegie system of staging the embryonic period
was correlated with the events of laryngeal develop
ment by several distinguished investigators (Table). 7-9

The embryonic period, the first 8 postovulatory
weeks, is particularly important, since this is when
most congenital anomalies develop. It has been ar

ranged in 23 stages according to the Carnegie sys
tern. Each successive stage demonstrates the ap
pearance of a morphological feature that was not

identifiable in the preceding state. This system thus
avoids variables, such as length and presumed age,
being of primary importance in describing embryo
logic events.

To the best of our knowledge no case representing
unilateral dysgenesis has been previously reported.
Our patient appears to have deviated from normal
embryogenesis at a later stage of development than
previously reported cases of atresia. We are able to

postulate the stage at which deviant development
was manifested by utilizing both current concepts

of laryngeal embryogenesis and other organ system
development. This patient was fully evaluated clin

ically and his larynx studied by whole organ serial
sections.

CASE REPORT

A male infant, the product of a 35-week gesta
tion, was born to a gravida I, 20-year-old black

juvenile-onset diabetic controlled on NPH insulin.

Delivery was by cesarean section for breech presen
tation. Apgar scores were 1 at one minute and 1 at

five minutes. Respiratory distress led to resuscitation
which included a difficult intubation. The infant
was assessed to have mild hyaline membrane disease

STAGING OF NORMAL LARYNGEAL DEVELOPMENT

Carnegie Approximate
Stage Age Features

9 �O d Median pharyngeal groove
10-12 22-26 d Laryngotracheal sulcus

12-13 26-28 d Tracheoesophageal septum
14 32 d Epithelial lamina of larynx developing

15-16 33-37 d Pharyn�otracheal and vestibulotrache-
al cana s visible

17 41 d Epiglottis. identifiable and cricoid ap-
pearing

18 44 d Lateral condensations of thyroid carti-

lage visible, laryngeal musculature con-

densations identified

19 48 d Epiglottis convexity forming
20 51 d Vestibular development more pronounced
21 52 d Early ventricle formation

23 57 d Most laryngeal structures well formed

9-12 wk Ventricle well formed without glandu-
lar development

5 mo Fibroelastic cartilage present in epiglottis
6 mo Saccular glandular formation complete

Adapted from Tucker and Tucker. 9
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Fig 1 A) Larynx of case study patient. Anterior-posterior view demonstrating left supraglottic dysgenesis. M represents left supra
glottis shortened in A-P plane, thus pulling epiglottis in close approximation to left arytenoid. There are no true or false vocal cords
or ventricle visible on left. T - tongue, E - epiglottis, AE - right aryepiglottic fold, A - right arytenoid, V - ventricle, TVC -

true vocal cord, FVC - false vocal cord, C - cricoid cartilage split posteriorly. B) Coronal section of larynx demonstrating absence
of left ventricle. Conus elasticus (CE) is normal. Epiglottis is displaced to approximate abbreviated left aryepiglottic fold, and false
and true vocal cords shown in A. Thyroarytenoid muscle on left is recognizable. Mucous glands are present on left in region that
vocal ligament would have appeared had development been normal. C) Illustration of cephalad-caudal view is markedly shortened,
causing observed distortion. Amorphous appearance of left hemilarynx results from hypoplasia of left aryepiglottic fold, false vocal
cord, true vocal cord, and agenesis of left ventricle.

in addition to multiple congenital anomalies includ

ing a cleft of the secondary palate, dextrocardia,
camptodactyly, and a laryngeal anomaly that was

further defined during his hospitalization. He was

weaned to room air on the eighth day of hospitaliza
tion and extubated on the 11th day. A gastrostomy
was provided for massive gastroesophageal reflux.
He developed recurrent pneumonias with retention
of carbon dioxide and required supplemental oxy
gen by hood. He did not evidence stridor or retrac

tions. The respiratory rate was about 40/min and
unlabored, except during episodes of pneumonia.
Chest auscultation suggested adequate ventilation

bilaterally. Videofluoroscopy of the neck and chest
was normal except for dextrocardia and an abnor
mal but poorly defined laryngeal anatomy. At fiber

optic laryngoscopy at age 3 months, the left. true

vocal cord was not identified. At age 15 weeks a

direct laryngoscopy and bronchoscopy were per
formed. The left true and false cords were not dis
tinct entities, and arytenoid movement was present
bilaterally with an adequate airway. The epiglottis
and anterior larynx were deviated to the left. The

patient developed osteomyelitis of the left femoral
head and died from septic shock at age 16 weeks.
Additional findings at autopsy included bilobed
right lung, left pelvic kidney, agenesis of the right
kidney, and a left infradiaphragmatic pulmonary
sequestration. Gross examination of the larynx re

vealed absence of the left ventricle, saccule, and
defined false and true vocal cords on the left. Histo

logic study of the left endolarynx demonstrated a

mass of mucosally covered striated muscle. The
conus elasticus appeared normal and the muscle
mass appeared to represent the thyroarytenoid mus

cle. The hyoid, thyroid, and cricoid cartilages ap
peared normal. The left side of the epiglottis was

distorted as it merged with the left endolarynx. The
left arytenoid was rudimentary and smaller than
normal. The left aryepiglottic fold was shortened
with the epiglottis merging with the arytenoid
prominence (Fig 1).

DISCUSSION

The study of aberrant organ development com

plements our understanding of normal embryogen
esis. An adequate model of laryngeal development
should encompass the congenital anomalies encoun

tered by clinicians.

Walander provided a conceptual scheme that is
useful in synthesizing an approach to evaluating the
anomalies that clinicians and embryologists encoun

ter.!" Aspects of his model for embryogenesis pro
vide a construct possibly useful in understanding la
ryngeal atresia, laryngeal webs, subglottic stenosis,
and this case of dysgenesis. The ventrocranial por
tion of the median longitudinal fold is the anlage of
the larynx. Controversy exists as to the mechanism
of origin of the epithelial lamina. Adherents to the
belief of mesenchymal dominance propose that mes

enchyme growth results in "fusion of previously free
walls in the epitheliallamina."IO Similarly, observ
ers of vigorous epithelial migration in laryngeal
morphogenesis postulate that the epithelial lamina
results from an active outgrowth from the ventral
margin of the median fold. As in many controver

sies, the answer may be somewhere in between
these viewpoints. Nonetheless, at Carnegie stages 15
to 16, approximately 33 to 37 days, the epithelial
lamina is well formed and the pharyngotracheal
duct is present (Fig 2A). 6.7

Smith and Bain classified congenital atresia into
three types which they described as type 1 - supra-
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Fig 2. Sagittal and cranial-caudal representations of developing larynx of embryo. A) Normal Carnegie stage 16 with epithelial lam
ina well formed. B) Type 1 laryngeal atresia.' Similarities with larynx shown in A are apparent. C) Type 2 laryngeal atresia. 2 D) Type 3

laryngeal atresia." E) Anterior web of true vocal cords. F) Presented case of left unilateral laryngeal dysgenesis. Transverse section

(right) demonstrates absence of left ventricle with hypoplasia of left aryepiglottic fold, false vocal cord, true vocal cord, and

markedly shortened anterior-posterior length of left hemilarynx.

glottic and infraglottic, type 2 - infraglottic, and
type 3 - glottic." O'Rahilly and Muller!' postulate
that the type 1 congenital atresia of Smith and Bain

may represent laryngeal morphogenesis arrested at

stage 18 (Fig 2A,B). Types 2 and 3 similarly may
represent varying stages of development when' the
epithelial lamina is disintegrating during the 8- to

lO-week postovulatory period (Fig 2<;: ,D) .

Walander '" added a useful approach to under

standing dysgenesis. He contended that epithelial
outgrowth was deficient in the total form of atresia

(comparable to type 1 in the grouping system of
Smith and Bain because mesenchymal tissues were

found where the vestibule should have been. After
stage 18, the vestibule, ventricles, saccule, and mu

cous glands begin to form by epithelial migration,
necrobiosis, and differentiation. Meanwhile, the phar
yngotracheal duct is developing a subglottic recess

that enlarges in a ventrocranial direction to form
the subglottis as the cricoid cartilage and conus elas-

ticus differentiate. This ventrocranial movement,
with necrobiosis resorbing the epithelium to form
the future lumen, meets at the vocal ligaments to

become continuous with the vestibule. 9 This ventro

cranial movement may explain why dorsal webs are

extremely rare and anterior webs exist more fre
quently. Additionally, these differences in morpho
genesis of the supraglottic and subglottic larynges
probably account for their distinct and separate
patterns of lymphatic drainage. If development ar-.

rests in the epithelial lamina at any point prior to
canalization to the level of the vocal ligaments, and
subglottic recess formation is also arrested, then
total atresia forms, comparable to the type 1 of
Smith and Bain. If the epithelial lamina resorbs
caudally to the level of the vocal ligaments and the
subglottic recess does not fully develop, type 2 and 3

laryngeal atresias are evidenced. When a mesoder
mal structure, ie, cricoid cartilage, is poorly devel
oped, it is grouped as type 2. Similarly, when meso

dermal differentiation further progresses, then it is
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grouped as type 3. The main distinguishing feature
between type 2 and type 3 atresias is that in type 2
there is failure of mesodermal tissue to differentiate
into recognizable cricoid cartilage dorsally in the

cephalad extension of the tracheoesophageal sep
tum. Thus in type 2 atresia, the pharyngotracheal
duct is located dorsally to the malformed cricoid

cartilage remnant (Fig 2C,D). Congenital subglot
tic stenosis might be viewed as a point further along
the continuum of subglottic recess formation. If
mesodermal differentiation is complete or nearly so

and epithelial migration almost complete, then an

terior laryngeal webbing exists (Fig 2E). The site of

aberrancy in the case presented is supraglottic with
failure of the left ventricle and saccule to form dur

ing stage 21 (age 52 days). The scene was probably
set for this cessation of continued epithelial differ
entiation earlier in morphogenesis when the mesen

chymal tissue that was to develop into the left ary
epiglottic fold and ventricular fold derailed from
normal development. Other abnormalities isolated
to defects of epithelial migration in the course of
vestibular migration may contribute to the reported
infrequent cases of supraglottic webs. In cases of

glottic webs, epithelial migration and necrobiosis
arrest prematurely at the junction where vestibular

outgrowth and subglottic recess formation meet.

Frazer described the laryngeal ventricle as being
present by the end of the second month.!? In our

case we see some evidence that the mesodermally
derived cartilage and muscles are not totally depen
dent upon the differentiation of the laryngeal endo

dermally derived structures. The vestibule and the
saccule are absent unilaterally in our reviewed case

and yet the mesodermally derived structures have
some recognizable form (Fig 2F). Here, as in other
cases of organogenesis, induction and counterinduc
tion are probably involved. This case, compared
with cases of atresia, shows a later stage at which
this counterinduction was interrupted and develop
ment was arrested or proceeded with deviation
from the normal.

Examination of this patient's other anomalies re

veals that development was grossly normal until
sometime between the 6th and 9th weeks. Terato-
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genesis manifested during this period in craniofacial,
genitourinary, and lower respiratory tract develop
ment. A pelvic kidney occurs due to failure of nor

mal ascent between the 6th and 9th weeks. Agenesis
of the patient's right kidney resulted at either the
5th fetal week due to failure of the ureteric bud to

develop, or around the 7th and 8th weeks secondary
to failure of the ureteric bud to grow into a meta

nephrogenic mass of mesoderm and subsequently to

induce nephron formation. This patient displayed
an infradiaphragmatic lobe of bronchopulmonary
tissue that would predate the fusion of the pleuro
peritoneal membrane with other diaphragmatic
components at about the end of the 6th week. The
bilobed right lung is believed to occur around the
5th week when the endodermally derived broncho

pulmonary buds grow laterally into the medial
walls of the primitive pleural cavities. Dextrocardia
occurs at a much earlier stage of development when
the primitive heart tube initiates bending. This
dates at approximately 3 weeks, which is signifi
cantly earlier than the other anomalies that are

manifested, for the most part, around the 6th to the
9th week. 13

SUMMARY

This case depicts the cessation of epithelial migra
tion in the presence of histologically normal but
quantitatively deficient mesodermal structures. The
cellular interactions that resulted in the hypoplastic
development of the mesodermally derived left

hemisupraglottic structures cannot be surmised
with our present level of understanding. We cannot

determine when morphogenesis was initially dis

rupted and became abnormal.

The current models for laryngeal embryogenesis
provide a satisfactory structure for organizing the
anomalies clinicians encounter. These models allow
us to ascertain the point beyond which normal de
velopment is not seen. However, they fall signifi
cantly short of identifying the biochemical events

controlling normal organogenesis. To recognize
these events, our understanding of embryogenesis
will need to advance by' quantum leaps.
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THE HUMAN LARYNX
AT THE END OF THE EMBRYONIC PERIOD PROPER

2. THE LARYNGEAL CAVITY AND THE INNERVATION OF ITS LINING
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The laryngeal cavity was studied in eight serially sectioned embryos of stage 23 and in three early fetuses, and graphic reconstructions
were prepared. After the isolation of the tracheal from the pharyngeal cavity during stages 16 through 22, a communication (not necessari

ly the pharyngotracheal duct) appears again during stage 23. At this time (8 postovulatory weeks) the laryngeal cavity comprises 1) the cor

onal and parts of the sagittal clefts of the vestibule (uniting later at the laryngeal inlet); 2) the ventricles, which are not yet completely
formed; and 3) the subglottic cavity, which appeared already in earlier stages. The characteristic events of stage 23 are the dissolution of
the epithelial lamina and the development of the ventricles. The disruption of the epithelial lamina is an active process that comprises rear

rangement and growth, but not loss of cells. The ventricles, which begin as solid outgrowths in stage 20, do not represent fifth pharyngeal
pouches. They now point toward the middle of the still paired thyroid laminae and are not at the level of the future glottis, which lies more

caudally. In the absence of the median part of the soft palate, the nasopharynx communicates widely with the oral cavity. The epithelium
of the respiratory tube, including the larynx, resembles that of the pharynx and esophagus in being pseudostratified columnar and showing
a clear basement membrane. It is ciliated over that part of the epiglottis that surmounts the arytenoid swellings, and also over the tip and
back of the latter. The transitional area between the laryngopharynx and the esophagus is already innervated by the recurrent laryngeal
nerve. Nerve fibers have not yet reached the epithelium of the coronal cleft and the ventricles, but fibers are present near the sagittal cleft
of the vestibule. The sensory innervation of the pharynx and larynx has been followed and plotted for the first time in an embryo, and
previously unrecorded silver-impregnated receptors have been observed.

KEY WORDS - embryology, laryngeal cavity, laryngeal innervation.

INTRODUCTION

Although knowledge of the anatomy of the pre
natal and perinatal larynx and pharynx is crucial
for the understanding and prevention of pathologi
cal conditions such as sudden infant death syn
drome, very little developmental information is
available. The status of the laryngeal and adjacent
cavities at the end of the embryonic period proper
needs to be clarified. The epithelial lamina, a tran

sitory formation at the level of most of the future
adult vestibule, is poorly understood both develop
mentally and functionally. A comprehensive study
of the epithelial lining of the laryngeal cavities in
the developing rat by Walander ' has no equivalent
for the human embryo. Scattered information can

be found in Soulie and Bardier/ HOpp,3 and Tucker
et al. 4

The laryngeal and infrahyoid muscles and their
innervation have already been described in embryos
of 8 weeks after fertilization by Muller et al. 5 The
sensory innervation of the cavities has been studied
for the present contribution. As Dawes" has pointed
out, "We need to know more about the sensory re

ceptors in the upper airways. We need to know their
histology at the sites of special interest: the epiglot-

tis, the upper airway, the rest of the larynx, and
perhaps the nose."

MATERIAL AND METHODS

Serial sections of eight embryos of stage 23, 8 post
ovulatory weeks, mostly belonging to the Carnegie
Collection, were studied: 23 mm (No. 5723, cor

onal), 26 mm (D9, sagittal), 27 mm (No. 7425, cor

onal; D122, horizontal), 30 mm (No. 75, Dll, and
No. 4525, all sagittal), and 31 mm (No. 9226, hori
zontal). Three early fetuses were studied for com

parison: 3 mm (No. 5852, sagittal; D13, horizontal)
and 34.5 mm (No. 8492, horizontal). The stains in
cluded hematoxylin and eosin, alum cochineal, and
azan. Three specimens had been treated with silver.
The thinness of the sections varied from 10 to 50 uu».
Graphic reconstructions based on every second to

every fourth section were prepared from five of the
specimens, and Perspektomat reconstructions (with
Forster's Perspektomat P-40 apparatus) were made
from two embryos. The importance of such spatial
reconstructions has been emphasized by Wind. 7

OBSERVATIONS

The earlier development of the laryngeal cavity
will first be summarized.
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Key to abbreviations in Figs 1-7

Ant.br. anterior branch of recur- Med.cr. median crest Styl. styloid process
rent nerve Nasoph. nasopharynx Thyr. thyroid cartilage

Aryt. arytenoid cartilage Op.aud. Tr. trachea
Aryt.sw.

.

arytenoid swelling tube opening of auditory tube Tub.br. tubal branch
Cor.cl. coronal cleft Oral c. oral cavity Ventr. ventricle
Cric. cricoid cartilage Ph. pharynx Vest. vestibule
Epigl. epiglottis Ph.bursa pharyngeal bursa Voc.pr. vocal process
Ep.L. epithelial lamina Ph.i.gl.d. pharyngoinfraglottic duct 52 maxillary nerve

Es. esophagus Pirif.r. piriform recess 53 mandibular nerve

Ext.br. external branch of superior Post.br. posterior branch of recur- 9 glossopharyngeal nerve

laryngeal nerve rent nerve
lOi inferior laryngeal nerve

G ganglion Sag.cl. sagittal cleft lOr recurrent laryngeal nerve

Infr.gl.c. infraglottic cavity Sup.h. superior horn of thyroid car- lOs superior laryngeal nerve

Laryngoph. laryngopharynx tilage

The laryngeal cavity in the adult comprises supra
glottic and infraglottic cavities, the vestibule and
the ventricles being included in the former. The

supraglottic cavity forms by the union of two em

bryonic lumina, those of the so-called transverse (or
coronal) and sagittal clefts, as will be shown (Fig 1).
The sagittal cleft develops first. It appears in em

bryos of 5 mm (stage 13) as a laryngeal fissure cau

.dal to the level of the fourth pharyngeal pouches
(O'Rahilly and Tucker, Fig 1 IS). In embryos of

stage 14,8 the epithelium of "the walls of the sagittal
cleft are closely pressed together so that no opening
is apparent, save at the lower end, where a patent
tract leads into the trachea."? This so-called

epithelial lamina begins to form in stages 14 and 15

(O'Rahilly and Tucker, Fig 138). Its greatest in
crease in surface area takes place in stages 18 to 21

(unpublished data). In embryos of stage 16 the cor

onal cleft begins to form. It is completed in stage
18.10 However, further elongation will occur in the

A

lmm

Fig I. Development of laryngeal cavities compared with
adult configuration. A) Soon after its appearance, sagittal
cleft closes by fusion of epithelial lining layers of arytenoid
swellings. B) Coronal cleft develops between epiglottic and

arytenoid swellings. C) When sagittal cleft reopens, ventri
cles appear as bilateral outgrowths from lower part of cor

onal cleft. D) Adult configuration.

Fig 2. Interrelationship of laryngeal and pharyngeal cavi
ties at stage 23. Left posterolateral aspect seen partly from
above, Perspektomat reconstruction. A) Isolated laryngeal
cavity and upper part of trachea. B) Surrounding pharynx
has been added. Part of epithelial lamina (black area) is
still present. Patent pharyngoinfraglottic duct is visible, al
lowing communication between pharynx and infraglottic
cavity.

Fig 3. Pharyngeal and laryngeal cavities and laryngeal
skeleton at stage 23. Left posterolateral view, Perspekto
mat reconstruction. A) Isolated laryngeal cavity and upper
part of trachea. B) Surrounding pharynx has been added.
Upper part of epithelial lamina has disappeared in this em

bryo. Apart from pharyngoinfraglottic duct connecting
pharynx and infraglottic cavity, a communication between
coronal cleft and infraglottic cavity is present. Ventricles
are clearly outlined. In A, planes a, b, c, d of sections
shown in Fig H are indicated.
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c

Fig 4. Topography and disruption of epithelial lamina. A,
B) Right lateral views. Epithelial lamina, which occupies
median plane, is shown in black. Coronal cleft, infraglot
tic cavity, and trachea expand laterally. A) In some em

bryos, epithelial lamina separates coronal cleft completely
from infraglottic cavity. B) In early fetus, epithelial lining
of sagittal cleft becomes bilaminar, and connection is
made between pharynx and infraglottic cavity. C) After
fusion of right and left layers to form epithelial lamina,
lamina increases in surface area and in thickness. Cells are

arranged irregularly. During separation of two layers in

stage 23, cells become rearranged (cf Fig 9D ,E). D) Posi
tion of ventricle and vocal process of arytenoid cartilage in

adult, for comparison with early fetus. Horizontal lines in
Band D are parallel to palate.

Fig 5. Embryonic and pharyngeal cavities compared with
those of newborn and adult: "one-tube" and "two-tube"
systems. A) Median section combined with reconstruction
of left lateral part of palate, epiglottis, and arytenoid
swelling at stage 23. Ventrodorsal distance between palate
and epiglottis in median plane should be noted: naso

pharynx and oral cavity are in wide communication.
Shaded areas in A, B, and C represent supralaryngeal
space. B) In newborn, epiglottis can touch palate. C) In
adult, tongue and larynx have descended, and large
supralaryngeal space has developed. D) Stippled areas

with ciliated cells at stage 23.
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Fig 6. Innervation of larynx and pharynx at stage 23 and in

early fetus. Pharyngeal and laryngeal cavities (shaded) in
lateral view. Lateral part of soft palate indicated by solid
line; epiglottis, median part of palate, and arytenoid swell
ing by dotted line; and cartilaginous skeleton by broken
line. Epiglottis is innervated by glossopharyngeal nerve

ventrally and by internal branch of superior laryngeal
nerve dorsally. External branch of superior laryngeal nerve

is cut off in drawing. Ganglion has been discussed by
M tiller et al. 5

time from 8 to 10 postovulatory weeks (unpublished
data). The ventricles begin to develop as solid out

growths in stage 21, although they are still small in
the least developed embryos of stage 23.

PARTS OF LARYNGEAL CAVITY AT STAGE 23

Coronal Cleft. In all embryos of stage 23 the cor

onal cleft dorsal to the epiglottic area is clearly out

lined (Figs 2A, 3A, and 9C,E). The future epiglottic
skeleton is present as dense mesenchyme (Figs 8A,B,
and 9A-C). The epithelium lining the epiglottic
area is folded (Figs 8A-C, and 9A,B,D,E). The cor

onal cleft in its caudal part enlarges laterally and
forms the ventricles of the larynx (Figs 3A, 8C, and
9E). The ventricles are not yet clearly present in one

embryo (D122), whereas in most specimens, they
are visible, although they are partly solid (Fig 9E).

Ventricles. In sagittal sections the ventricles can

be distinguished from the coronal cleft by being
angulated in relation to the axis of the cleft. Fur-

Laryngo
Pharynx

lmm

A B

Fig 7. Areas of innervation. A) Territories of cranial nerves

52, 53, 9, and 10 at stage 23. Overlapping occurs but is not

shown. B) Territories in adult.
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thermore, they are directed ventrally and laterally
to the middle of the still paired thyroid laminae. In
the fetus the ventricles are closed off somewhat
from the vestibule by fibers that seem to be precur
sors of the vestibular ligament. In addition, the ven

tricle forms more than a right angle with the long
axis of the coronal cleft (Fig 9C) .

Sagittal Cleft. The arytenoid swellings of each side
delimit the sagittal cleft; its dorsal part leads from
the pharynx to the infraglottic cavity and hence is
called the pharyngoinfraglottic duct (Figs 2A, 3A,
8C, and 9E), present in five specimens. The infra

glottic cavity comprises the subglottic enlargement,
which begins at the lower border of the thyroid carti

lage and the upper border of the arch of the cricoid

cartilage and leads to the trachea. The diameter of
the trachea is smaller than that of the subglottic
enlargement (Fig 4).

Epithelial Lamina. An important characteristic
of stage 23 is the "opening" of the sagittal cleft,
caused by the separation of the epithelial layers that
form the epithelial lamina of earlier stages. The
.lamina is still present in some of the less developed
embryos of stage 23 (eg, Fig 2A). The whole extent

of the epithelial fusion is shown in Fig 4A, where
the lamina is shown in black and comprises the sag
ittal cleft, ie, the former slit-like cavity between the

arytenoid cartilages . Were the lamina to be still
completely intact (Fig 4A), it would separate the
coronal cleft and ventricles from the infraglottic
cavity on the one hand and the pharynx from the in

fraglottic cavity on the other. In the larynx repre
sented in Figs 2A and 3A, the dorsal part of the sag
ittal cleft is free from fusion, and hence the pharynx
and infraglottic cavity are in communication. The
areas where the fusion of the two epithelial layers
has broken down are left in white in Fig 4B, al

though the epithelial lining is naturally still present
laterally (Fig 4C). In the fetus (No. 5852) repre
sented in Fig 4B the recavitation of the sagittal cleft
begins in the area of the upper half of the arytenoid
cartilages, thereby allowing a communication be
tween the coronal cleft, the ventricles, and the in

fraglottic cavity. No pharyngoinfraglottic duct is

present, however (see also Fig 9A,B). In the embryo
represented in Fig 3A the opening process of the

. sagittal cleft is more advanced and the upper half of
the interarytenoid part is almost completely pres
ent. In another embryo (Fig 2A), however, a vestib
uloinfraglottic passage has not formed. The lower
border of the ventricle would indicate the area of
the future glottis only if the vocal process had its de
finitive relationship to the ventricles. This is not the
case, however, as can be seen from Fig 4B,D.
RELATIONSHIP TO PHARYNX

As can be seen in Fig 7, the configuration of the
three parts of the embryonic pharynx differs some

what from that of the adult, the nasopharynx being
quite spacious in comparison with the laryngophar-

ynx. The transition from the wide oropharynx into
the narrowing laryngopharynx is shown in Figs 2B
and 3B. The laryngopharynx is flanked by the thy
roid laminae (Fig 3B) and by the hyoid. The epiglot
tis reaches almost to the level of the upper border of
the palate in stage 23 and also in the early fetus.
Figure 5A represents a median view combined with
the more lateral portions of the palate, tongue, epi
glottis, and arytenoid swelling. The palate and epi
glottis area quite distant from each other in and
near the median plane. The soft palate embraces
the anterolateral part of the epiglottis for only a

very short distance. Hence a large communication
exists between the oral cavity and the nasopharynx
at this stage and in those embryos in which fusion of
the palatal shelves has already begun. Consequently
the epiglottis is not able to bridge the gap, as will be
the case later on (Fig 5B, newborn), where the lar
ynx will be intranasal, the newborn being an obliga
tory nasal breather. The shaded area in Fig 5A, C
corresponds to the "supralaryngeal" space described
by Laitman and Crelin. 11

INNERVATION OF VARIOUS AREAS

The reconstruction of the nerves in two silver
impregnated specimens, one sectioned horizontally
and the other sagittally (Figs 6 and 7; see also Muller
et aI, Figs 3 and 45), shows the following pattern of
innervation.

The superior laryngeal nerve, shortly after sepa
rating from the vagus and before giving off its exter
nal branch, sends a twig toward the pharynx that in
nervates mainly the oropharyngeal area. The inter
nal branch of the superior laryngeal nerve descends
lateral to the superior horn of the thyroid and enters
the larynx between the greater horn of the hyoid
and the lamina of the thyroid, where it divides. A
branch goes backward to the pharynx, innervating
also mesenchyme and the blood vessels in the super
ior part of the sagittal cleft. Other branches ascend
in the posterior part of the dense mesenchyme of the
epiglottis and the lateral part of the coronal cleft.
Several twigs divide and end in the mesenchyme
above the ventricle. The ganglion noted on the in
ternal branch of the superior laryngeal nerve and
located medial to the upper border of the thyroid
lamina (Fig 6) was discussed by Muller et al. 5 It is

probably comparable to paraganglia that function
as chemoreceptors. The glossopharyngeal nerve also
sends a branch to the lingual part of the epiglottis
and in addition gives off a tubal branch to the audi-

.tory tube.

The recurrent laryngeal nerve pierces the thyro
pharyngeal portion of the inferior constrictor before
reaching the larynx. In its course it gives branches
to the membranous part of the trachea. Numerous

twigs reach the transitional area between the laryn
gopharynx and the esophagus. The nerve fibers
reach not only the submucosa and the epithelium
but possess connections to silver-impregnated cells
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Fig 8. Epithelial lining of cavities in embryo at stage 23 (cf Fig 3 for plane of sections). A) Tongue is visible above. In A
and B, epithelium adjoining epiglottis is folded and upper part of sagittal cleft has reopened. C) Hyoid, thyroid, and cri
coid cartilages (from above downward). D) Infraglottic cavity dorsal to arch of cricoid cartilage.
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that are integrated into the epithelium (Fig lOE). in other areas of the coronal cleft. Mitotic figures
The anterior wall contains more nerve fibers than are present. Differentiation in the region of the ves-

the posterior. The receptors diminish in number tibular and vocal folds begins later.
and disappear at the level of the fourth tracheal car

tilage, after a distance of 0.6 mm. The anterior
branch of the recurrent nerve is concentrated on the

thyroarytenoid muscle. No fibers reach the epitheli
um of the coronal cleft and of the ventricles yet.
However, some fibers of the recurrent branch that
innervates the lateral cricoarytenoid muscle run to

ward the sagittal cleft. Especially the area adjacent
to the pharyngoinfraglottic duct is innervated by re

current fibers. Only in some restricted regions of the

pharynx do branches of the glossopharyngeal and

vagus/ accessory nerves penetrate the constrictor
muscle in order to reach the presumptive submuco
sa or even the epithelium, namely in a short seg
ment of the oropharynx (Fig lOC) .

The nasopharyngeal region immediately in front
of and above the opening of the auditory tube (Fig
10A,B) is richly innervated. Many fibers from the
epithelium reach the pterygopalatine ganglion.
EPITHELIAL LINING OF CAVITIES

The lining of the cavities includes areas charac
terized by folded epithelium (adjacent to the epi
glottis and the ventricles; Fig 8B,C) and other areas

distinguished by unfolded epithelium. Three points
are particularly noteworthy: 1) the lining in the re

spiratory passages is similar to that in the pharynx
and esophagus (Fig 8) and is mostly a pseudostrati
fied epithelium; 2) examination under high power
reveals that in certain areas cilia are already pres
ent; 3) silver-impregnated cells appear near or even

incorporated into the epithelium.
The superficial cells of the epithelium are high

and seem to reach the well-developed basement
membrane. Their nuclei lie near the cavity. In some

areas of the sagittal cleft the epithelium consists en

tirely of cells of that type, all reaching the basement
membrane. The deep cells of the pseudostratified
areas are smaller, and cuboidal or spherical. In re

gions where the epithelium has a folded appearance,
the basement membrane does not follow the con

tour of the superficial cells but is unfolded. Few mi
totic nuclei are present. The epithelium in the sub
glottic space (Fig 8D) consists of two rows of cells of
the same height.

The epithelium of the' sagittal cleft shows the
following particularities: in the still-fused areas

(Figs 4C and 9E) the cells are smaller, and the nu

clei are not in a regular arrangement. The distance
between the basement membranes of the right and
left sides is narrower. Where the cleft is open, the

superficial cells are high, their nuclei are aligned,
and the epithelium is similar in appearance to that
in other areas (Fig 8B).

The epithelium of the ventricles, apart from be

ing slightly folded, shows no differences from that

Ciliated cells are merely beginning to appear in

stage 23. They are present in the epithelium of that
part of the epiglottis that surmounts the arytenoid
swellings, and on top and on the posterior side of
the latter (Fig 5D), ie, in areas limiting the pharyn
geal cavity. Very few ciliated cells are found in the
nasal epithelium.

Silver-impregnated cells are present in the transi
tional area between the laryngopharynx (especially
in the part toward the cricoid lamina, Fig lOD,E)
and the esophagus (Fig lOF), and are less concen

trated in the latter.

DISCUSSION

Nomenclature. Frazer" believed that the sagittal
cleft would correspond to the adult infraglottic cav

ity, and the transverse (coronal) cleft to the supra
glottic. He therefore termed the coronal cleft the
vestibule. Although this term has been widely used
in studies on the developing laryngeal cavities, it
should not be used as a synonym for the coronal
cleft. As has been shown here, both the coronal and
the sagittal clefts participate in the formation of the
adult vestibule. Moreover, the term pharyngotra
cheal duct is replaced here by pharyngoinfraglottic
duct because the first part of the cavity to commu-

- nicate with the pharynx is the infraglottic cavity.
Correspondingly, the term vestibulotracheal should
be replaced by vestibuloinfraglottic.

Time of Formation of Cavities. Briefly, the first
part of the laryngeal cavities to form is the sagittal
cleft in stage 14; the coronal cleft begins to develop
in stage 16; the infraglottic cavity is clearly detec
table in stage 17; the ventricles arise late and may
even not be fully evident in stage 23. This report
differs from others because the present authors con

sidered the ventricles to be present only when they
were clearly angulated in relation to the axis of the
coronal cleft. Formation of the ventricles was re

ported in an embryo of 24 mm by Soulie and Bar
dier" and in an embryo of 22 to 24 mm by Hast.V
Attempts have been made to homologize the ventri
cle with a fifth pharyngeal pouch ;" most recently
by Zaw-Tun.14 Frazer? rejected such an idea, how
ever, because the formation of the ventricle "occurs
secondarily in a secondary specialised formation."
The topography of the pharyngeal pouches in gen
eralpresents difficulties for an interpretation of the
ventricles as fifth pharyngeal pouches: already in

stage 17 the level of the future ventricle is occupied
by the fourth pouch (O'Hahilly and Muller, unpub
lished data), so that were a fifth pouch to form, it
would certainly be situated more caudally.

Epithelial Lamina. The development of the la
ryngeal cavities is influenced considerably by the
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Fig 9. Epithelial lamina and epithelial lining. A-C) Sections from early fetus, medial to lateral. Reopened parts of sagit
tal cleft show in white. Hyoid, thyroid, and cricoid cartilages can be seen from ventral to dorsal in all three sections.
Coronal cleft and angulated ventricle are visible in C, with ventricle pointing ventrally and laterally toward lamina of
thyroid cartilage (cf Fig 8C). D-F) Sections from embryos at stage 23. D) Open part of sagittal cleft. Nuclei of high su

perficial cells lie near lumen, in contrast to closed areas, E, where nuclei of future surface cells are unevenly distributed.
Folded epithelium is present in rostral lining of coronal cleft. F) Relationship of ventricle (dark) to thyroid lamina.
Epiglottis is at left.
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epithelial lamina. The formation of the lamina has
been discussed by Walander, 1 who believed that the

primordium of the laryngeal epithelium is to be

sought therein. However, in the opinion of the pres
ent authors, the epithelial lamina is concerned with

only that part of the epithelial lining of the larynx
that covers the medial aspect of the arytenoid swell

ings. The first description of the epithelial lamina
dates back to Roth, 1878 (cited by Fein."). Compar
ison with the fusion of the eyelids and with that
found in the external acoustic meatuses is justified. 15

In all three cases there is more than a transitory ap
position of epithelial layers, proliferation of cells

having been observed by Sudler (1901, cited by
Walander '), Walander, 1 and Petrova ;" contrary to

the view of Grosser. 17 The shape of the epithelial
lamina has been well described by Fein. 15

The function of the transitory formation remains

obscure, and its interpretation will depend on

whether it separates the alimentary and respiratory
canals completely or incompletely. This can be de
cided on only first-class material and with the aid of

precise spatial reconstructions, from which it ap-
J

pears that the lamina closes off the respiratory canal

completely from the pharynx from stages 18/19 to

the beginning of stage 23. This observation is in

agreement with those of Fein" and Wind." More

over, this total closure could have an impact on the

developing lungs. Authors who maintained that only
one communication by a pharyngoinfraglottic duct
occurs include Kallius;':' Broman (1911, 1927, cited

by Wind") and (in the rat) Walandar.l Some

workers, however, observed two communications.
A ventral and a dorsal channel are mentioned by
Frazer": the latter corresponds to the pharyngoin
fraglottic duct, and the former to the vestibuloin

fraglottic duct described by Soulie and Bardier. 2

Accounts of the disruption of the epitheliallami
na vary according to whether the epithelial lamina
is thought to develop as apposition or sealing of two

otherwise independent epithelial layers, or is con

sidered as a fusion of two interdigitating epithelial
formations. Walander ' described the process as

autolytic disintegration in the rat, whereas Petrova"

believed that the sagittal cleft, which was "filled by
the proliferation of epithelial cells," is then "re
stored by vacuolization and recanalization of the
epithelial plug." The disruption of the epithelial
lamina seems to be an active process, although ne

crotic cells were not observed in this study, in agree
ment with Fein:15 "Von abgestorbenen Zellen ist
aber nichts zu sehen." Growth of the cells along the
future cleft and realignment are the main events

(Fig 4C). The last part of the epithelial lamina to

become disrupted is situated ventrally (Figs 3A and

4B). Partial disruption of, or lack of an opening in,
the epithelial lamina would lead to atresia, as dis
cussed by O'Rahilly and Muller. 10

Relationship to Pharynx. The "supralaryngeal-

pharyngeal space" described by Laitman and Crelin 11

shows a number of differences from the conditions
found in the newborn. In stage 23, the epiglottis
and palate are not in contact, because the caudal
halves of the palate have not yet fused. Neverthe
less, the epiglottis is high-positioned, and its upper
limit corresponds to the upper level of the palate.
The larynx cannot be locked into the nasopharynx,
and the status of a "one-tube" system 11 has not yet
been attained. Furthermore, the nasopharynx and
the oral cavity are in wide communication. Closure
of the palate in human embryos of stage 23 was doc
umented by Diewert.18 In half of the stage 23 em

bryos the palatal shelves had made contact and
"epithelial adhesion in the midpalatal region" was

present. Even in early fetuses (41 to 43 mm) the
region of the soft palate remained partially open.
Complete closure of the soft palate was present in
lO-week fetuses (47 to 52 mm), with the exception
of one 50-mm fetus.

Sensory Innervation. The adult pattern of motor

innervation is clearly present at stage 23.5 The sen

sory innervation has also reached a high degree of
differentiation, even in small details. However,
whereas motor fibers already penetrate the muscles',
the sensory fibers do not reach the epithelium yet in
most areas of the pharynx and larynx. This differ
ence in maturation of motor and sensory innerva
tion is a common pattern in the development of the
nervous system. 19 Motor or sensory or both kinds of
fibers of the cranial nerves appear as early as in

stages 12 and 1319 at the level of the rhombencepha
lon, and in the following succession: 12, 5, 7, 8,
9/10, and 11. It is not known, however, whether the
peripheral distribution follows the same pattern.
Hogg and Bryant?" believed that in the rat embryo
the most precocious sensory fibers are those of the

pharyngeal branch of the glossopharyngeal nerve,
which is followed by the buccal nerve from the
mandibular. On the basis of the present investiga
tion of stage 23, the innervation of oral and nasal
cavities can be summarized as follows: the nasal
cavities are the most richly innervated, even in non

olfactory areas; the tongue follows, and the palate
has relatively few nerve fibers that reach the epithe
lium. The sensory innervation of the larynx and la
ryngopharynx seems to be even richer than that of
the nasal cavities. The most striking point, however,
is the presence of silver-impregnated receptors in
the laryngopharynx and upper part of the esophagus.
The statement of Bosma and Showacre'" that "there
is evidence for a sequential pattern of development
of structure and of function which ascends the
pharynx and which extends anteriorward into the
mouth" would be true in this respect. Humphrey"
investigated the development of trigeminal fibers to
the oral mucosa. In an embryo probably belonging
to stage 23, some nerve tips had already reached the
basement membrane inside the mouth and many
other nerve fibers came very close to it. In a speci-
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Fig 10. Intraepithelial silver-impregnated cells and nerve fibers reaching epithelium at stage 23. A,B) Area rostral to auditory
tube, showing numerous nerve fibers (arrows) of palatine nerve. C) Through oropharyngeal wall; superior constrictor of phar
ynx is richly innervated by fibers of pharyngeal plexus, few of which penetrate muscle and reach epithelium (arrow). D) Lin
ing ofventral wall of laryngopharyngeal cavity, showing some silver-impregnated cells (arrow). E) Lining of ventral wall of
transitional area between laryngopharynx and esophagus, with many impregnated cells (arrows). F) Lining of esophageal wall
is seen still to contain some silver-impregnated cells (arrows), but they disappear at lower levels.
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men of 32 mm, probably a fetus, few nerve fibers probably pseudostratified columnar, and presents
penetrated the basement membrane of the epitheli- cilia in distinct areas. Walander' also found pseudo-
um, and only in a fetus of 37 mm could she observe stratified epithelium in the rat. Furthermore, the
nerve fibers connected to large basal epithelial cells. areas of ciliated cells in the rat resemble those in the
Reflex activity tested in the perioral area was pres- human embryo at a corresponding stage. Authors
ent in embryos approximately 21 mm in length (51/2 who described the epithelium as stratified include
weeks), at atime when cutaneous nerve fibers did Soulie and Bardier' ("epithelium du type polyedrique
not yet touch the basement membrane. At the same embryonnaire"), HOpp,3 and Tucker et al. 4 A base-
time the nerve fibers of the oral mucosa were more ment membrane is clearly present in stage 23 (after
developed, that is, nearer the epithelium. In view of Giordamo-Lanza and Marinelli," "a partir du 3eme
these findings, it can be supposed that, at stage 23, mois") but was not identified in a specimen of 24
the sensory innervation of the larynx and pharynx mm by Soulie and Bardier. 2 With regard to thick-
has attained a morphological level that would allow ness, Soulie and Hardier" found the epithelium to be
reflex activity. In this regard, Hogg and Bryant'" thicker in the epiglottic area in a specimen of 37

emphasized that "sensory nerves can begin to receive mm. They observed ciliated cells in fetuses of 40 to

stimuli some time before end organs have been iden- 50 mm in the epithelium of the ventral and dorsal
tified on them." Konig and van Lederr" pointed out walls of the epiglottis; Hopp's Findings" in a fetus of
that very few studies of developing laryngeal inner- 40 mm were similar. Tucker et al" observed ciliated
vation are available: chiefly one by Mornono" on epithelium on the ventricular folds and within the
five fetuses of the 10th month of gestation. Konig ventricle in fetuses of 47 to 60 mm. Glandular cells
and van Leden" described the innervation of the are not present in the epithelium of embryos of
vocal folds in two fetuses (7 and 8 months of age) stage 23. Glandular formation in the ventricles and
and a newborn. Several functional considerations saccule is visible early in the second half of prenatal
relating to stage 23 are also discussed by Muller et life,26 so that cystic aberrations arise relatively late
al. 5 in prenatal development.

Intraepithelial receptors were identified in one of
the silver-impregnated specimens of stage 23, where
as in other silver-impregnated embryos and fetuses
receptors could not be found. This difference, how
ever, is probably caused by different techniques of
impregnation. This is the first time that intraepithe
lial receptors have been recorded in the laryngo
pharynx at such an early stage of development. Re

ceptors could not be detected in the lining of the
oral cavity of the same embryo. The nasal epitheli
um, however, was provided with intraepithelial
nerve fibers and some receptors, although of an

other type. Humphrey:" found a kind of receptor
(enlarged basal cell in the epithelium with nerve

fiber) in the oral lining of a human fetus of 37 mm.

Munger:" described two kinds of receptors, Meiss
ner and Merkel discs, in the mucosa of the hard pal
ate of an 8-week-old rhesus monkey. The receptors
described by the present authors are probably com

parable to Merkel discs.

Type oj Epithelium. Fein 15 provided a detailed

description of the epithelium, especially that in the

sagittal cleft: "Hier sind die einzelnen Schichten
nicht deutlich zu differenzieren, sie sind zahlreicher

geworden, die Kerne liegen nicht in Reihen, sondern
mehr oder weniger wirr durcheinander." Soulie
and Bardier ' described various areas in embryos of
different lengths. The decision whether in the em

bryo the epithelium is pseudostratified or stratified
in type is difficult without ultrathin sections. Ac

cording to Wind," "in none of the prenatal speci
mens examined was clearly developed stratified epi
thelium observed. In most instances the laryngeal
lumen was covered by 2- to 4-layered, cubical or

cylindrical ciliated epithelium." Only in some spec
imens over 150 mm, in the area of the future vocal
folds, were the epithelial cells much lower, "seem

ingly a transition to stratified epithelium." From
the present study it appears that the epithelium is
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Infection of the supraglottic larynx is a well-recognized clinical entity in both adults and children. The anatomical relationships of the
various components of the larynx have been studied extensively, especially as they relate to the spread of malignant disease. However, the
relationship of these spaces and compartments in inflammatory disease has not been heretofore appreciated. This report describes for the
first time histologic evidence that infection of the supraglottic larynx may spread to the paraglottic space, thus causing compromise of the
glottic region. This potential carries significant implications for planning the appropriate therapeutic measures.
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INTRODUCTION

Infection of the supraglottic larynx is a well-rec

ognized clinical entity in both adults and children.
It is now accepted that this is a bacterial infection

(Hemophilus injluenzae, type b) which carries high
I

morbidity as well as the risk of death. 1 Traditional
treatment has included the establishment of airway
bypass in the form of intubation or tracheotomy.
Antibiotic therapy must also be employed to control
the infection locally and prevent systemic spread."

The anatomical relationships of the various com

ponents of the human larynx have been studied ex

tensively, especially as they relate to the spread of

malignant disease." The relationship of these spaces
and compartments in inflammatory disease has not

been heretofore appreciated. The two major in

flammatory processes of the larynx, acute supra
glottitis (epiglottitis) and acute laryngotracheitis
(croup), have been thought to be isolated in these
distinct anatomical locations.

This report describes for the first time histologic
evidence that infection of the supraglottic larynx
may spread to the paraglottic space, -thus causing
compromise of the glottic region. This possibility
carries significant clinical importance when plan
ning the management of the compromised airway.

ANATOMY

The paraglottic larynx is best described as those
portions of the larynx that contain all the paired
structures not normally visible to the examiner. It is
bounded laterally by the thyroid ala, inferiorly by
the conus elasticus, superiorly by the quadrangular
membrane, and posteriorly by the submucosa of the

pyriform sinus.
4

This region has been deliberately named a space
rather than a compartment because of its large size
and the fact that it connects with extralaryngeal tis
sues by way of the gap between the thyroid and cri
coid cartilages lateral to the cricothyroid mem

brane. The separation of the supraglottic space
from the paraglottic space by the quadrangular
membrane has led most observers to believe that in
fections of the supraglottic larynx are confined to

this anatomic region, or at most, may spread only
anteriorly into the pre-epiglottic space.

CASE HISTORY

A 3-year-old girl was healthy until five days be
fore admission when she developed a nonproductive
cough. Ten hours prior to admission, the patient de

veloped generalized malaise and a temperature of
40°C (104°F). A few hours before admission, the

patient's respiratory difficulty progressed rapidly,
and thus her parents immediately brought her to

the hospital.

On admission to the hospital, the patient was

awake and responsive. She preferred a sitting posi
tion and was observed to be in moderate respiratory
distress with both inspiratory and expiratory stridor.
She was also drooling excessively.

A clinical diagnosis of acute epiglottitis was made
and the patient was immediately brought to the

operating room for endotracheal intubation under

general anesthesia. Anesthesia induction was ac

complished with halothane and oxygen. A good air

waywas maintained throughout the induction and
the patient was then intubated with an orotracheal
tube. After the airway was secured, a complete in-
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Fig 1. Artistic reconstruction of lar
ynx. A) Midsagittal view showing val
lecular inflammation (V) extending to

upper pre-epiglottic space and poster
ior commissure submucosal inflam
mation. B) Posterior view showing
mucosal involvement, especially right
pyriform (P) compared to left. Ar
rows in both drawings represent plane
of section as shown in Fig 2D.

spe?tion of t?e la�y�1X was undertaken and the diag
nOSIS of epiglottitis was confirmed. Cultures of
blood and epiglottis were obtained and ampicillin
(200 mg/kg/day) and chloramphenicol (100 mg/kg/
day) intravenous therapy was started.

After sufficient oxygenation, the orotracheal tube
was changed to a nasotracheal tube without inci
dent. The patient was awakened and moved to the
intensive care unit.

Upon arrival in the intensive care unit, she was

sedated with morphine sulfate in incremental doses
to prevent self-extubation. Two hours after admis
sion to the intensive care unit, she was noted to be

hypoventilating and less responsive. An arterial
blood gas analysis demonstrated hypercarbia, but
adequate oxygenation. Manual ventilation was be

gun and naloxone (0.2 mg intravenously) was ad
ministered. At this time, examination revealed that
her right pupil had become fixed and dilated. Mea
sures to decrease intracranial pressure were taken

immediately with little clinical response. A com

puted tomographic scan was performed, which
showed diffuse brain stem and thalamic central
edema. Physical examination showed deterioration
with hyporeflexia, bilateral pupillary dilatation
and fixation, and no brain stem response to the ice
water caloric test. An EEG was isoelectric except
for minimal activity in the left posterior parietal re

gion. An intracranial pressure monitoring device
was placed; the intracranial pressure was measured
at 80 torr, while the mean arterial pressure was 75
torr. Attempts to decrease intracranial pressure and
restore cerebral perfusion were made, including hy
perventilation, diuresis, head position, and admin
istration of steroids and barbiturates. None of these
measures was successful, however, and eventually
all life support systems were removed.

The clinical diagnosis at the time of death was

acute epiglottitis and acute cerebral edema with her
niation. Postmortem examination, however, showed
acute purulent meningitis, massive cerebral edema,
pulmonary hemorrhage, hepatosplenomegaly and

laryngeal infection, which will be described in more

detail below. Antemortem blood cultures were posi-

B

tive for H injluenzae type b, resistant to ampicillin,
but sensitive to chloramphenicol.

Histopathology. Specific histopathology of the
larynx in this case demonstrates a finding heretofore
unreported. The larynx was embedded in celloidin,
and horizontal sections of the total larynx were pre
pared. The upper sections, including the posterior
tongue, pharyngeal musculature, and upper epi
glottis, revealed an abscess formation on the lingual
surface consisting of polymorphonuclear leukocytes
that infiltrated the posterior tongue muscles and
laterally the submucosa of the vallecula. The next

lower sections showed an acute inflammatory cell
infiltration involving the lingual surface of the

l�wer epiglottis that extended into the major por
tions of the upper and middle pre-epiglottic spaces
and laterally into the inferior vallecular submucosa
(Fig 1). The laryngeal surface of the epiglottis con

sisted of an intact mucosa and a scant infiltration of
hemorrhage and acute inflammatory cells in an es

sentially nonedematous submucosa. In the midlaryn
geal horizontal sections, a pronounced inflamma
tory cell infiltrate and edema were seen to extend
into the bilateral aryepiglottic and upper paraglot
tic tissue. The lower pre-epiglottic area in these sec

tions was free of inflammation. In lower laryngeal
horizontal sections, a prominent abscess of acute in

flammatory cells appeared to occupy the middle
and lower left paraglottic space while the corre

sponding paraglottic spaces on the right were rela
tively free of acute inflammation, except for some

minimal acute inflammatory cellular infiltrate in

volving the left pyriform sinus and saccular area

(Fig 2). The lowest horizontal sections revealed a

continuation of the right paraglottic inflammation,
which in special elastic histochemically stained ma

terial revealed an inflammatory cell infiltrate into
the right conus elasticus. Other than the above
mentioned microscopic finding, the subglottic area

was essentially histologically normal. .

DISCUSSION

.

The c.linical significance of the paraglottic space
III relation to the spread of carcinoma has been
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Fig 2. Lower laryngeal horizontal sections. A) Level of epiglottic tip (E). Inflammation is confined to vallecular aspects and endola

ryngeal aspect is not involved. V - vallecula. B) Level of hyoid bone (H). Inflammation enters submucosa of vallecular floor. Hyo
epiglottic ligament (L) is seen in midline. C) Supraglottic inflammation at upper tips of arytenoids (A). Posterior larynx is involved
especially on right. Pre-epiglottic (P) space is not involved. D) Level of false vocal cords (F). Asymmetry is quite marked: left supra
glottic larynx is now free of disease, but paraglottic space on right shows extension of disease from pyriform sinus traveling inside
thyroid ala (T) and forward to crowd saccula (S) and anterior false cord submucosa. A - arytenoids. E) Subglottis on right is in
volved lateral to conus elasticus (C). Arrow - inflammation. F) Level of cricoid arch (C). Subglottis is bilaterally free of disease;
space of Pressman (S) is area where inflammation is expected in true croup.

known for many years." Various anatomical bar
riers such as the conus elasticus and the quadrangu
lar membrane have also been well documented.
The case discussed in this report demonstrates for
the first time, however, that acute infection of the

supraglottic larynx may spread inferiorly to involve
the paraglottic space. This invasion caused medial
displacement of the paraglottic structures, with en

croachment upon the glottic aperture. The epitheli
um and subepithelial layer of the true vocal cord do
not appear to be involved in this process. Involve-

ment of the deep submucosal tissues, however, is
obvious.

.

Over the years controversy has developed over

the necessity for establishing airway bypass in cases

of acute epiglottitis, especially in children. Some
authors have advocated that the use of antibiotics,
with or without corticosteroids, in an intensive care

unit is sufficient and no airway bypass is necessary.
5

Others, however, have felt quite strongly that the
establishment of an airway leads to a markedly di
minished mortality and morbidity. 2
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The histologic evidence presented in this report
favors the establishment of airway bypass. The fur
ther encroachment of the airway by involvement of
the paraglottic space leads to the greater likelihood
of sudden airway compromise. It is now apparent
that there is potential for involvement of more than
one anatomical location of the larynx in acute epi
glottitis. This may lead to such overwhelming ob-

125

struction that the pediatric larynx may be mortally
compromised. In addition, the induration of the
paraglottic space may make intubation more diffi
cult due to medial displacement of the true vocal
cord. It is recommended, therefore, that all
pediatric patients with acute supraglottic infection
be given a means of airway bypass either by intuba
tion or by tracheotomy.

REFERENCES

1. Fearon B. Inflammatory diseases of the larynx. In: Healy
GB, McGill TJI, eds. Laryngo-tracheal problems in the pediatric
patient. Springfield, Ill, Charles C Thomas, 1979:37-48.

2. Cantrell RW, Bell RA, Morioka WT. Acute epiglottitis: in

tubation versus tracheostomy. Laryngoscope 1978; 88:994-1005.

3. Tucker GF Jr. The anatomy of laryngeal cancer. Can J

Otolaryngol1974; 3:417-31.

4. Tucker GF Jr, Smith HR. A histological demonstration of
the development of laryngeal connective tissue compartments.
Trans Am Acad Ophthalmol Otolaryngol1962; 66:308-18.

5. Glicklich M, Cohen RD, Jona JZ. Steroids and bag and
mask ventilation in the treatment of acute epiglottitis. J Pediatr
Surg 1979; 14:247-51.



CLEFT LARYNX WITH AIRWAY OBSTRUCTION

CHICAGO, ILLINOIS

LAUREN D. HOLINGER, MD

KARIN M. TANSEK, MD

MINNEAPOLIS, MINNESOTA

GABRIEL F. TUCKER, JR, MD

CHICAGO, ILLINOIS

Cleft larynx is a rare congenital anomaly becoming recognized and reported with increasing frequency. While it is most commonly
associated with aspiration in newborns, airway obstruction can occur. We report two cases of upper airway obstruction due to a soft tissue
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extremely important. In addition to recognition of the condition, embryology and treatment are also discussed.
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Cases of congenital posterior laryngeal cleft (cleft
larynx) have been recognized and reported with in

creasing frequency over the past three decades. This
rare disorder has proved difficult to diagnose, prob
ably due to the nonspecific nature of symptoms and

radiographic changes, as well as the subtlety of en

doscopic findings. The hallmarks of this anomaly
include aspiration and respiratory distress, especial
ly with feedings; aspiration pneumonia; abnormal
cry at birth; and failure to thrive. The literature is

replete with reports of patients who are veterans of

many endoscopic procedures prior to di.agnosis.1-4
In 1984, Cohen reported two patients with poster

ior laryngeal cleft presenting with severe episodes of
obstruction due to hamartoma." We describe two
other children with. the same condition. One had
multiple congenital anomalies and died shortly
after the diagnosis was made; histopathologic find

ings in the larynx are illustrated. The second child
had an isolated cleft larynx; he underwent resection
of the hamartoma and remains asymptomatic.

CASE REPORTS

CASE 1

This infant boy was the product of an uncomplicated pregnan
cy and a normal spontaneous vaginal delivery by a 25-YE?ar-old
mother. Immediately after birth he began having difficulties with
secretions. A nasogastric tube could not be passed. Barium was

aspirated massively when a contrast study was attempted. A diag
nosis of tracheoesophageal fistula (TEF) (type 3 with a blind up
per esophageal pouch) was made and repair was carried out. Tra

cheotomy was done at age 1 month after he failed several extuba
tion attempts. Laryngeal edema and erythema were noted at that
time, as well as tracheomalacia, which typically accompanies
TEF. The tracheal lumen was only 30% to 40% of normal
throughout most of its length.

At 2 months of age the infant had several episodes of gastro
esophageal reflux which required a Nissen fundoplication. He

underwent several endoscopic procedures over the next several
months. At no time was the posterior laryngeal cleft diagnosed.
The operative reports give several descriptions which were quite
suggestive of the cleft: "granulation tissue in the posterior com

missure," "large (5 mm) fibroma in the posterior commissure,"
and "moderate amount of smooth, pink mucosal tissue heaped
up, extending from above the vocal cords through the posterior
commissure and into the subglottic region." At age 19 months, a

cleft larynx with prolapse of the soft tissue through the car

tilaginous cleft was identified. The superior limit of the mucosal
wall between the larynx and the hypopharynx appeared to be at

or slightly below the level of the true vocal cords. The child died

unexpectedly 2 months later. The autopsy showed acute purulent
bronchopneumonia, probably associated with acute aspiration of

gastric contents, as the probable cause of death.

The whole organ laryngeal specimen obtained at autopsy (Fig 1)
was embedded in pyroxylin (Parolodion) in the usual fashion. Sec-

Fig l. (Case 1) Gross specimen of larynx viewed from pos
terior. Redundant tissue is seen to protrude into laryngeal
lumen from left through posterior cleft.
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Fig 2. (Case 1) Horizontal histopathologic section of larynx
detailing relationship and nature of intraluminal soft tissue
mass. Cartilage was present bilaterally, on each side of
cleft within mass (arrows).

tioned at 28 jJ.m in the horizontal plane from top to bottom, 1,020
sections were obtained and every 20th section was mounted as a

tracer series.

The first 500 sections are of the supraglottic larynx and are es

sentially normal. However, as section 500 is approached, the
arytenoids are noted to be farther apart than normal and there is
no interarytenoideus muscle (other than a few horizontal fibers
just posterior to each arytenoid). The posterior larynx is deficient
(cleft) in the midline. The cleft continues to the inferior rim of the
cricoid. The cricoid cartilage is horseshoe-shaped and the ends

bounding the cleft are rounded.

The hamartomatous tissue seems to be based on the left rim of
the cleft with most of the attachment arising from the laryngeal
aspect of the cricoid. At the level of the cricoarytenoid joint (sec
tion 650) within the right posterior laryngeal lumen, the pedun
culated hamartomatous mass is comprised of striated muscle as

well as formed cartilage (Fig 2). The cartilage is present from sec

tion 610 through 670. Just inside the left rim of the cleft is another
small island of cartilage (which extends from section 510 superior
ly to section 670 inferiorly). The cricoid maintains its abnormal
elliptical profile through section 810.

Section 890 shows the lower limit of the cleft; here cricopha
ryngeal fibers are found. The lowest remnant of cricoid is seen in
section 1,010 where there appears to be an intact tracheoesopha
geal septum. The anomaly, therefore, is a complete posterior
laryngeal cleft (cleft larynx) which is purely laryngeal (laryngohy
popharyngeal). The tracheoesophageal septum is intact.

CASE 2

A boy 4 years 8 months old presented with progressive biphasic
stridor without cyanosis of 1 week's duration. No dysphagia, aspi
ration, or voice changes were reported.

The child had been born at gestational age 37 weeks. His
mother had had no prenatal problems, including polyhydramni
os, and labor and delivery had been uncomplicated. He weighed
2,900 g at birth. Apgar scores were 7 and 9 and he had a hoarse

cry. One day later he refused feedings and his chest radiograph
showed bilateral pulmonary infiltrates. He improved on a course

of ampicillin and kanamycin. He went home, only to return at

age 3 weeks with a weight loss of 11 % . He was treated with a for
mula change. He was readmitted at age 6 weeks with dehydration
and failure to thrive. His weight was 3,150 g, 7.5% above birth

weight. His hoarseness persisted. Sweat chloride, fecal fat and

pH, urinalysis, fasting glucose levels, T3, T4, thyroid-stimulating
hormones, phenylketonuria, and barium enema were normal.
The complete blood cell count showed a mild anemia. A barium
swallow study led to aspiration of barium. The infant's parents
were instructed to take care with his feedings and his formula was

changed. He was rehospitalized at age 7 weeks with right middle
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Fig 3. (Case 2) Soft tissue lateral radiograph of neck illus
trating posterior subglottic mass almost completely ob
structing airway.

lobe pneumonia and persistent dysphagia. Endolateral neck radi

ograph showed diffuse narrowing of the cervical trachea. Laryn
goscopy and bronchoscopy demonstrated a deep posterior com

missure, normal arytenoid motion, and a mild innominate artery
impression of the anterior tracheal wall. No posterior laryngeal
cleft had been noted.

For 4 years, the patient had done reasonably well. Although he
had had frequent episodes of choking and aspiration while eating
solids, these gradually decreased in frequency as he grew older.
He had been bottle-dependent until age 3 by which time the epi
sodes had completely resolved. At no time had he had any symp
toms of airway obstruction. During these years he had demon
strated normal developmental milestones, steady growth, and
normal voice and speech.

Physical examination at the time of admission was notable for a

respiratory rate of 20 and rather alarming biphasic stridor and re

tractions. He was afebrile and had no cervical adenopathy. The

larynx and trachea were midline and nontender. The mouth and
oropharynx were normal. Auscultation confirmed biphasic stri

dor, inspiratory louder than expiratory, and was unchanged by
his position. There was no wheezing. Examination was otherwise
unremarkable: he had no apparent congenital anomalies. Endo
lateral neck radiograph showed a posterior subglottic mass (Fig
3). He was taken directly to the operating room where, under

general anesthesia, direct laryngoscopy demonstrated a posterior
laryngeal cleft. A soft mass, covered with mildly inflamed mucosa

herniated through the open dorsal lamina of the cricoid cartilage,
obstructing the glottic and subglottic larynx by 70 % to 80 % . The
mass represented the soft tissue of the common laryngohypopha
ryngeal wall, normally covering and supported by the posterior
lamina of the cricoid cartilage. The trachea and bronchi were

normal. The herniated tissue was biopsied, then carefully excised
with the carbon dioxide laser. The resection was done conserva

tively for fear of reopening the cleft and causing aspiration. As the
child emerged from anesthesia, it was apparent that the airway
was not sufficiently improved, and a tracheotomy was performed.

Laryngoscopy three days later showed eschar involving redun
dant common wall tissue (Fig 4). The tissue was aggressively ex

cised with the laser. Repeat endoscopy four days later showed an

adequate airway and good healing. He was decannulated over the
next three days and had no further airway obstruction. Aspiration
never occurred. Since his discharge he has remained well with a

normal voice, airway, growth, and deglutition.
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Comment. Case 2 illustrates the typical symptoms and course

of infants with a cleft larynx: 1) aspiration of liquids, 2) recurrent

pneumonia with 3) a paucity of radiologic and endoscopic find
ings. The diagnosis was overlooked for years until the tissue
(hamartoma), herniating through the posterior cleft into the la
ryngeallumen, led to severe airway obstruction. The subtlety of
endoscopic findings cannot be overemphasized.

DISCUSSION

Embryology. His," Streeter," and Smith" have
shown that at about 25 days' gestation, the laryngo
tracheal groove appears and lung buds form. Smith"

supports the traditional but probably incorrect view
that the embryonic foregut is then divided into the
trachea and esophagus by a septum which begins
caudally and advances cephalad to be completed at

about the 33rd gestational day. O'Rahilly and Mul
ler have pointed out that 3 weeks after its appear
ance, the tracheoesophageal separation point re

mains at a constant level, whereas the tracheal sep
aration descends. 9 The most cephalad portion forms
a laryngeal slit which at first is plugged, then canal
ized. The cricoid forms just caudally by chondrifi
cation of two bilateral mesodermal masses. These
fuse ventrally at about 40 to 42 days, but not dorsal
ly until 45 to 48 days. The posterior cleft, therefore,
may be an isolated anomaly and not necessarily
related to the tracheoesophageal, septum.

Histopathology. Histopathologic studies of the
posterior laryngeal cleft have shown that the cricoid
is typically C-shaped (open in the midline posterior
ly) and deformed. Delahunty and Cherry reported
two cases of cleft larynx with atropic changes of the
interarytenoideus muscle and lateral subluxation of
the cricoarytenoid joints. 10 Lim et al noted the cri

coarytenoid muscles to be more paramedian in

placement than usual. II Bell et al found them to be
deficient, 12 while other intrinsic muscles were unre

markable. He noted that the transition of the respi
ratory to the esophageal squamous mucosa was near

the margins of the cleft, neither encroaching on the
other. Tracheal rings may be incomplete':' or absent

altogether.!" The tracheal portion of the common

tube may be completely lined by esophageal muco-

Fig 4. (Case 2) A) Direct laryngos
copy three days after initial laser
excision of bulk of intraluminal
mass. Eschar is seen on left pos
teriorly. B) Advancing tip of an

terior commissure laryngoscope
gives better exposure of posterior
cleft and eschar.

sa.15 The islands of cartilage observed in case 1 (Fig
2) have not been previously described. The signifi
cance of this finding is undetermined, but may be
better understood as more specimens become avail
able for examination.

Historical Review. Richter is credited with the
first description of laryngotracheoesophageal (LTE)
cleft in 1792.16 He described a common gullet in a

newborn with multiple anomalies. The infant died
shortly after birth and autopsy was refused. Not un

til 11/2 centuries later was the next case reported.
Finlay'? reported a family with two children with

_

clefts and another two with stridor. 18 Phelan et al
reported two sibships containing double first cousins
who had six children of a total of nine affected.!"
Endoscopy demonstrated that three had LTE clefts,
while autopsy of a fourth showed a deformed cri
coid and cleft. Phelan et al thought this was autoso
mal dominant. Interestingly, in another large series
TEF and esophageal atresia were shown not to be
familial. 20 Petterssori;" in 1955, was the first to at

tempt and succeed at surgical reconstruction. He
also proposed a classification of the anomalies re

sulting from incomplete separation of the larynx
and trachea from the hypopharynx and esophagus:
type 1, laryngohypopharyngeal cleft (cleft larynx or

posterior laryngeal cleft); type 2, partial LTE cleft;
type 3, complete LTE cleft from the cricoid carti

lage to the carina.

Lim et al reviewed 60 cases of cleft larynx reported
in the English literature by 1979.11 There was no sex

predilection. Prenatal history showed a 30 % inci
dence of prematurity and/or maternal polyhydram
nios. Associated congenital anomalies included cleft

lip and palate; and pulmonary, cardiovascular, gas
trointestinal, and genitourinary anomalies, includ

ing hypospadias and imperforate anus. Twenty per
cent of cleft patients had a coexisting TEF, most

with proximal esophageal atresia. Welch and Hu
sain" reported a fascinating case of a common tra

cheoesophageal tube to the level of the carina with
a normal larynx and an intact cricoid.
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Since 1979 many other cases of cleft larynx have terior commissure extending inferiorly. A cleft may
been reported. Only four have been described with best be demonstrated by advancing an anterior
associated mass lesions. Two of nine cases of cleft commissure laryngoscope between the cords, ab-
larynx reported by Cohen+" had associated lesions ducting them widely. A Matthews forceps or the tip
within the laryngeal lumen; he reported these to be of a bronchoscope can be used to separate the muco-

hamartomas. Jahrsdoerfer and associates reported a sal folds and lateral arms of the cleft cricoid ring.
patient who had an unusual soft tissue mass in the Pillsbury and Fischer developed a helpful triangu-
trachea which proved to be a herniation of esopha- lar measuring device to locate and measure the
geal mucosa.:" The fourth and only other case here- depth of a cleft. 27

tofore reported is that of Pracy and Stell in 1974.25

They described a sessile tumor mass posteriorly be
low the vocal cords, with the classic history of a de

layed diagnosis, failure to thrive, and multiple hos
pital admissions for aspiration pneumonia. By age 4
the patient had had many endoscopic procedures
but the disease was repeatedly overlooked until the
mass became large enough to cause obstruction,
necessitating tracheotomy.

Diagnosis. Infants and children with cleft larynx
have a normal or mildly abnormal voice. Most

symptoms are due to aspiration and its sequelae:
coughing, choking, dysphagia for liquids, and

pneumonia. Radiographic examination of the chest
typically demonstrates pulmonary infiltrates result

ing from aspiration. A lateral neck film may show
absence of the usual soft tissue density between lar
ynx and hypopharynx" or a soft tissue mass in the

posterior larynx as was seen in case 2 (Fig 3). Dye
contrast radiography is used to demonstrate a cleft

by a proximal spill into the larynx and to rule out a

concomitant TEF. It is difficult to differentiate aspi
ration that occurs because of a neurologic dysfunc
tion (as in vocal cord paralysis) from that caused by
a cleft larynx.

The definitive diagnosis is accomplished by direct

laryngo\copy. However, findings are so subtle that
even the experienced endoscopist may readily miss
the diagnosis unless there is a high index of suspicion
and a posterior cleft is looked for specifically. 10,18

Abundant soft mucosa may be apparent in the pos-

When the severity of symptoms of aspiration dic
tates repair, the treatment of choice for the com

mon posterior laryngeal cleft is through a lateral
pharyngotomy with a two-layer closure of laryngeal
and hypopharyngeal mucosa.

1 Care is taken to off
set the suture lines. When a large posterior soft tis
sue mass is encountered as in case 2, no standard
technique has been well established. Simple laser
excision of the mass in this case eliminated the ob
struction yet did not lead to aspiration postopera
tively. The tracheotomy was necessary for only 72
hours after surgery.

SUMMARY

Cleft larynx is a rare congenital anomaly that 'is
being recognized and reported with increasing fre

quency. Symptoms are typically those associated
with aspiration and are commonly recognized dur
ing the newborn period. The diagnosis is made by
direct laryngoscopy when suspicion prompts careful
examination of the posterior commissure area with
the proper technique.

Two cases of cleft larynx with an associated mass

in the laryngeal lumen are added to four already in
the literature. This finding may be in an older child
who presents with symptoms of upper airway ob
struction, but with a history of aspiration and mul
tiple hospitalizations and diagnostic procedures.
The mass, which may be a hamartoma, results from
anterior protrusion of the excessive tissue. Laser ex

cision is the treatment of choice.
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MANAGEMENT OF THE CLEFT LARYNX
AND TRACHEOESOPHAGEAL CLEFTS

JOHN N. C. EVANS, FRCS

LONDON,ENGLAND

The anomaly of posterior laryngeal cleft and the more extensive laryngotracheoesophageal cleft is extremely rare. Twenty-one cases of
cleft larynx are reviewed. Anew, simpler clinically oriented classification of the clefts is proposed, and the difficulty in establishing the

precise diagnosis is stressed. Stridor is the commonest presenting symptom in type 1 clefts, and aspiration on feeding, recurrent pneumonia,
and abnormalities of cry suggest type 2 clefts. Type 3 clefts present with severe aspiration cyanosis and incipient cardiorespiratory failure.
Aspiration reflux and persistent stridor are extremely common postoperative problems and are responsible for the delays in decannulation
in spite of apparently successful operative closure of the clefts.

KEY WORDS - cleft larynx, laryngotracheoesophageal cleft.

Cleft larynx is often extremely difficult to diag
nose and should be considered in all patients with
stridor as well as those patients with aspiration on

swallowing. 1-4 A new clinically based classification
of cleft larynx and tracheoesophageal cleft is pro
posed which contrasts with Pettersen's anatomically
based classification" (Fig 1).

In the type 1 or posterior cleft larynx, the defect
is confined to the supraglottic larynx, the interary
tenoid muscle fails to develop, but the cleft does not
involve the cricoid lamina." The presenting symp
tom in patients with this defect is inspiratory stridor
dating from birth, and is indistinguishable from the
coarse inspiratory stridor of laryngomalacia (Fig 2).

The definitive diagnosis of a laryngeal cleft can

only be made by a very careful, leisurely direct ex

amination of the larynx using the operating micro

scope and laryngostat (Fig 3). During the course of
the microlaryngoscopy the

. interarytenoid region
must be carefully palpated, pushing the left aryte
noid to the left and the right arytenoid to the right
with an instrument in each hand. The relationship
between the lower edge of the cleft and the level of
the vocal cords can then be accurately assessed.

It is essential that the conditions under which the
examination of the larynx is conducted are ideal,
and good anesthesis is important. The infant should
be breathing spontaneously so that a functional as

well as an anatomical assessment of the larynx can

be made. If the larynx has been sprayed with a local
anesthetic agent, manipulation of the arytenoid and
the vocal cords can be carried out in the lightly
anesthetized patient without causing coughing and

laryngospasm. These conditions can be achieved
only by the closest cooperation with our anesthetic

colleagues, upon whose skill we depend.
In type 2 clefts, the posterior defect involves the

cricoid lamina which may be completely divided
and the cleft may also extend downward to involve
the cervical trachea. Laryngeal competence is com

promised, the degree depending upon the depth of
the cleft. The only clue to the diagnosis may be
coughing and choking during feedings due to a la
ryngeal overspill. If the cleft is deep and the cer

vical trachea is involved, recurrent aspiration pneu
monia may also be a significant problem and pre
senting symptom.

A barium swallow study often fails to demonstrate
the cleft since most radiologists are looking for a tra

cheoesophageal fistula (Fig 4). This is the diagnosis
that is most often made, and it is only if a cleft lar-

c D

Fig 1. Proposed classification of cleft larynx and tracheo
esophageal cleft. A) Normal, B) type 1, C) type 2, D) type 3.

From the Hospital for Sick Children, London.

Presented at the meeting of the American Laryngological Association, Miami Beach, Florida, May 25-26, 1985.
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coarse inspiratory stridor - rather like the sound of
a very loud eat's purr. She was able to initiate this
noise at will and, at the request of her headmistress,
was referred because she was disturbing her class.
Indirect laryngoscopy showed some redundant mu

cosa in the interarytenoid region, and when she
made a sudden inspiratory effort, the mucosa was

set into vibration and produced the extraordinary
noise that she could maintain by hyperventilation
for approximately five minutes. A presumptive di

agnosis of cleft larynx was made and confirmed by
microlaryngoscopy. After careful discussion with
her parents and because of the disruption she was

causing in school, it was decided to perform an en

doscopic closure of the cleft. At microlaryngoscopy
the edges of the cleft were freshened using a sickle
knife. The freshened edges were sutured using six
No. 0 Vicryl sutures. A Kleinsasser needle holder
and Jako knot pusher facilitated this rather time

consuming procedure. The operation was successful
and no further stridor occurred postoperatively.

The stridor in these type 1 clefts is due to anterior

prolapse of the arytenoid or the redundant mucosa

overlying the arytenoid, similar to the anterior pro
lapse which occurs in laryngomalacia. Many of these

type 1 clefts are not diagnosed because laryngoma
lacia is assumed and endoscopists fail to measure

precisely the depth of the interarytenoid cleft,
which in the above cases was noted to be at the level
of the vocal cords. One patient in this group was re

tarded and another had a congenital cardiac anom

aly - a patent ductus and coarctation of the aorta.

Three patients had episodes of aspiration pneumonia.

Eight patients, four male and four female, had
type 2 clefts. They all had tracheostomies as prelim
inary procedures to surgical correction of the clefts.
In six patients operative closure of the cleft was

achieved via a lateral pharyngotomy; this is the
most commonly employed surgical approach in
most series.v":" One of the patients required five

operative attempts at closure; two lateral pharyn
gotomies, one anterior approach, and two attempts
at endoscopic closure.
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Fig 2. Microlaryngoscopic view of type 1 interarytenoid
cleft. -

ynx is suspected that the otolaryngologist is asked to

see the patient. Another difficulty in diagnosis is
that tracheoesophageal fistulas and cleft larynx may
occur in the same patient. In the review of Lim et

al ," 20 % of the cleft patients had tracheoesophageal
fistulas.

In type 3 clefts, the thoracic trachea is involved
and there may be a common esophagotrachea. Se
vere aspiration pneumonia and cyanosis on feeding
are evident from birth. Endotracheal intubation
and ventilation with raised airway pressure are

essential. It is surprising how well the children

manage with endotracheal ventilation while the di

agnosis is being established, so much so that the

gravity of the anomaly is often not appreciated until
a barium swallow study has been performed.

In this series of 21 patients there were ten patients
with type 1 clefts, eight patients with type 2 clefts,
and three patients with type 3 clefts. Of the patients
with type 1 clefts six were female and four were

male." They presented with stridor at birth with
two exceptions; one patient developed stridor at the

age of 4 months, and the other had intermittent stri
dor during the first year of life, which resolved. At
the age of 16, this patient developed an intermittent I prefer the lateral approach if the cleft is small

Fig 3. Microlaryngoscopic views.

A) Endotracheal tube in situ lying
in posterior position with redun
dant arytenoid mucosa lying
anteriorly on left side of tube. B)
Type 2 cleft.
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Fig 4. Barium swallow study showing type 2 cleft approx
imately 3 cm in depth. Top arrow -larynx, bottom arrow
- lower edge of cleft.

and only 2 ern of the cervical trachea is involved. If
there is more extensive involvement of the cervical
trachea, then I think the anterior approach is easier,
and a two-layered closure is more readily achieved.":"
Another patient in the group required two opera
tive attempts at closure: lateral pharyngotomy and
endoscopy.

There was a very high incidence of esophageal
anomalies. Three patients had tracheoesophageal
fistulas below the clefts; esophageal reflux was pres
ent in four patients, all of whom required Nissen

fundoplication to control the reflux; and one pa
tient had esophageal atresia and required a colonic
esophageal replacement. She still has spillover, is
retarded and deaf, is still nursed in a hospital, and is
now 7 years old. Five of the patients in this group
have not been decannulated; three of these patients
have tracheomalacia and two have reflux and spill
over. The three patients who were decannulated
had no gross esophageal or other congenital anoma

lies, although one did have reflux. The two patients
who had normal esophagi were decannulated 9
months postoperatively, and the patient with the
reflux was decannulated 2 years postoperatively
after a Nissen fundoplication was performed.

There were three patients with type 3 clefts, two
female and one male. All of these patients died. The
first patient presented at birth with cyanosis and as

piration; she was intubated, and microlaryngos
copy and bronchoscopy were performed two days
after birth. There was no trachea and the right and
left main bronchi were seen to arise from the esoph
agus. No tracheal cartilage was present. It became
progressively more difficult to ventilate the patient,
and she died after a hypoxic cardiac arrest at two

days of age.
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Fig 5. Postmortem view of type 3 cleft. Tracheal bifurca
tion is at lower edge of cleft. Arrow - tracheotomy in left
main bronchus.

The second patient presented with stridor and cy
anosis at birth, and severe aspiration was noted on

oral and nasogastric tube feeding. A microlaryngos
copy confirmed the presence of a complete laryngo
tracheal cleft. At tracheostomy it was observed that
the trachea had been opened to one side. Postopera
tively, extreme difficulty with ventilation was ex

perienced, there was persistent collapse of the right
lung, and the patient died of respiratory failure at 2
weeks of age. It was not until a postmortem exami
nation was performed that the true anatomical state

of affairs was recognized. The patient had a short
trachea which bifurcated in the neck at the lower
aspect of the cleft (Fig 5). The tracheostomy had
been performed in the left main bronchus. A more

precise endoscopic assessment might perhaps have
alerted one as to the precise anatomical abnormality.

The third case was similar to the second, but in
this case the anomaly was recognized and the bifur
cation was at the suprasternal notch. The cleft was

closed via a lateral thoracotomy because it extended
into the left main bronchus. The patient developed
a right tension pneumothorax, a chest drain was in
serted, and a tracheostomy was performed. Ventila
tion remained critical due to difficulties in position
ing the shortened tracheostomy tube. The patient
continued to aspirate and the residual cleft in the
neck was closed via a lateral pharyngotomy. On this
occasion the patient developed a left-sided pneumo
thorax after which. she was resuscitated with diffi
culty. The cleft again broke down and was closed
via a second thoracotomy. The patient died at the
age of 5 months of respiratory failure. At postmor
tem she was found to have hypoplastic lungs; this
was the reason for her developing pneumothoraces
and ultimately the cause of her death. It was my
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hope to report at least one survivor in the series of hope to reduce the mortality further. In their exten-

type 3 clefts. 10-12 sive review of 82 cases from the literature, including
three cases of their own, Roth et al ' found a total
mortality of 46 % . Of 14 patients with type 3 clefts,
13 died. We have succeeded in reducing the mortal
ity in the type 2 patients.

The increasing awareness of the special problems
associated with pediatric otolaryngology and the in

creasing interest in the specialty has led to the estab
lishment of centers of special interest in pediatric
problems. The skill of the pediatric surgeons and the

ancillary staff are exercised to the full by this group
of patients, and it is only by the constant applica
tion of these skills and surgical advances that we can

None of the ten patients in that group died, but
we still have a long way to go to reduce the mortali
ty associated with the type 3 clefts.
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Although many procedures have been described for the correction of subglottic stenosis in the infant and child, none has been univer

sally satisfactory. Cricoid resection and thyrotracheal anastomosis have been successful in adults, and we considered that the same tech

niques could be applied to correct subglottic stenosis in infants and children. A feasibility study was undertaken using young primates as a

surgical model. The operation in each was accomplished uneventfully, although one animal later developed a complication possibly due to

the use of a tissue adhesive. In practice, this complication could have been corrected without compromising the surgical outcome.

KEY WORDS - cricoid resection, subglottic stenosis, thyrotracheal anastomosis.

INTRODUCTION

The management of subglottic stenosis in the in
fant and child has always been a challenge. At the
time of the report of McDonald and Stocks in 1965, 1

in which they advocated the use of long-term in
tubation for the management of airway problems,
most treated cases of subglottic stenosis were con

genital in nature. Other causes of laryngeal stenosis,
however, were those due to trauma, including trau

matic intubation, high tracheotomy, external blunt
trauma, and caustic thermal burns, etc. Before
1965 it was not customary to leave endotracheal
tubes in place for more than 24 hours.

McDonald and Stocks reported that most patients
with airway problems were managed for weeks
with few complications. However many reports, in

cluding one from the senior author, related the

complications of long-term intubation. Subglottic
stenosis was the complication most frequently
described.t" Furthermore, subglottic stenosis sec

ondary to intubation seemed much more difficult to

treat than those complications encountered earlier.

Prolongedintubation in many cases resulted in ex

tensive tissue reaction, involving not only the sub

glottic area, but the glottic and supraglottic larynx
as well as the trachea. Prolonged intubation is de
fined by Johnsen as "intubation lasting longer than
six to seven days."5

The frequency of complications secondary to

long-term intubation has been lessened greatly due
to more discriminate selection of endotracheal
tubes, improved materials in the construction of the

tubes, and better techniques in managing the in
tubated patient. Nonetheless, a significant number
of patients with subglottic stenosis due to prolonged
intubation still exists.

CLINICAL PROBLEMS

Most cases of subglottic stenosis can be managed

by repeated serial dilatation, with or without trache

otomy.":? This is particularly true of patients with

congenital subglottic stenosis unless of course the
cricoid cartilage itself is abnormally small and, ob

viously, dilatation is futile. For the more refractory
cases, internal stenting, with or without the division
of the cricoid cartilages, has been the alternative.v "

In observing the results of laryngeal stenting over

a period of 20 years, the senior author found that in

many cases the stent resulted in worse problems
than the original stenosis. These included stenosis at

either end of the stent, exuberant granulation tissue
formation around the stent, fixation of the vocal
cord, chondritis, and necrosis of the cricoid and the

thyroid cartilages.

There had always been concern that dividing the
cricoid cartilage in a small child might interfere
with subsequent normal development of the larynx.
Fearon and Cotton.v'? Fearon et al ," and Fearon"
studied larynges of three species of primates, name

ly, rhesus, cynomolgus, and African green (Macaca
mulatta, Macaca jascicularis, Cercopithecus aethi
opes sabaeus, respectively). Fearon and Cottorr'V'?
chose the African green monkey as the experimental
surgical model because its larynx was similar to that
of an infant of equivalent weight, it was easier to

handle than the other two, and it had a voice that
was suitable for postoperative monitoring. The
studies reported that the division of the anterior
cricoid or removal of segments of the thyroid alae
did not interfere with the normal laryngeal devel

opment. Hence, surgical correction of subglottic
stenosis by dividing the cricoid and using a segment
of thyroid alae as a trapdoor interpositional graft
without the use of internal or external stenting could
be achieved. This was first reported in- 1972.11,12
This surgical approach was a decided advance in
the treatment of subglottic stenosis and led to fur-
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ther improvements by others; unfortunately, these

operations are not always successful.

In an attempt to develop another method to cor

rect subglottic stenosis, the possibility of resecting
the cricoid with the stenosis was considered. While
such an operation has been carried out successfully
in teenage patients and adults;" it has not to our

knowledge been accomplished in the small child.

EXPERIMENTAL STUDY

Our objective was to determine whether a resec

tion of the cricoid and a thyrotracheal anastomosis
could be performed successfully on a small child
and whether this procedure would alter the subse

quent development of the larynx:
The only primate available for the present experi

mental surgery was the rhesus monkey (M mulatta).
Earlier studies on the primate larynx by Fearon and
Cotton had shown that the larynges of the rhesus
and the African green monkeys corresponded quite
closely with those of infants of an equivalent age
and weight.12 Three primates of 9 months of age
were used for this experimental study. (The rhesus

monkey reaches maturity at 10 years of age.) Each
animal was examined endoscopically under general
anesthesia to see if there were any abnormalities
present in laryngeal structure, vocal cord move

ment, or in the tracheobronchial tree.

Surgical Technique. Each animal was anesthe
tized via the endotracheal route, and after suitable
preparation of the neck, a horizontal incision was

Sagittal sections of larynges. A) Good anastomoses between lar
ynx and trachea in animal 3 is shown. Granuloma obstructing air

way is evident. B,C) Animals 1 and 2, respectively, have good
anastomoses between thyroid cartilage and first tracheal ring.
Both animals have normal airways.

made over the cricoid cartilage. The strap muscles
were divided as needed to expose the cricoid ring.
Dissection was carried out laterally on each side of
the larynx to expose the posterior aspect of the cri
coid arch. The arch itself was transected on either
side as far posteriorly as possible while avoiding in

jury to the laryngeal nerves. The posterior plate of
the cricoid was left intact. An incision was made

through the cricothyroid membrane and between
the cricoid and first tracheal ring, and the cricoid
arch was removed. The first tracheal ring along
with the tracheal mucosa were attached to the thy
roid cartilage with absorbable sutures. It was not

necessary to mobilize the trachea or the larynx to

achieve the anastomosis. Suturing was continued
until there was no air leak with positive pressure
ventilation. In the third monkey, histoacryl blue

(butyl-2-cyanoacrylate) tissue adhesive was used to

seal any air leak along the suture line. When it was

determined that there was no air leak at the anasto

mosis, the soft tissues were closed over the anasto
mosis and the skin was then sutured with nylon. No

dressing was applied other than an aerosol plastic
type of spray dressing. At the end of each procedure
and on withdrawal of the endotracheal tube, each
larynx was examined endoscopically. In each case

the vocal cords were moving normally and the sub

glottic space was of a normal size. The immediate
postoperative course in each animal was uneventful.

RESULTS

Four weeks after surgery, laryngobronchoscopy
was carried out in each animal using a 3.5 mm x 30-
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em Holinger bronchoscope. In each there was nor

mal laryngeal function, no structural abnormalities
of the larynx or of the tracheobronchial tree, and
normal-sized subglottic spaces. The suture line was

well healed.

Twelve weeks following surgery, the third animal
developed stridorous respirations. Laryngoscopy and
bronchoscopy revealed that a mass of granulation
tissue had formed in the anterior subglottic larynx.
In order to determine the outcome and to learn
whether or not the problem would resolve sponta
neously, we elected not to interfere surgically. Eight
days later, however, it was necessary to kill the ani
mal because of severe respiratory difficulty. This
was accomplished using an overdose of ketamine
hydrochloride (Ketalar). Its larynx and trachea
were removed and placed in formalin. Microscopic
section showed a granuloma formation along the
anterior suture line (Figure, A). In this animal his
toacryl blue was used as an adjunct in the anasto
mosis of the trachea and larynx, and its use may
have been a factor in the proliferation of fibro
blasts. The weight of the animal at this time was

1,500 g (3.3Ib).
The other two animals (Nos. 1 and 2) were exam

ined endoscopically under general anesthesia prior
to a lethal dose of the anesthetic agent. In monkey
1, this took place 20 weeks after the laryngeal
surgery; its weight was 1,870 g (4.1 lb). Monkey 2
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had been operated on 18 weeks before and weighed
1,650 g (3.6 lb). Laryngeal function was normal in
each and there was no narrowing of the subglottic
space. A 4 mm x 30-cm Holinger bronchoscope pass
ed into the trachea readily. After the death of each
animal, the larynx and trachea were removed, were

placed in formalin, and sections were made for later
microscopic study. The sections confirmed that
there was good healing at the anastomosis and that
there was an excellent lumen in the subglottic space
(Figure; B,C).

CONCLUSION

Despite the complications in one of the experi
mental animals, resection of the cricoid and anasto
mosis between the thyroid cartilage and the proxi
mal trachea proved to be feasible in a primate cor

responding in size to a small child. Presumably a

subglottic stenosis could be removed by the same

technique. In practice, the complications described
in the third animal could have been overcome by
resecting the granuloma when the signs and symp
toms first occurred. We would have preferred to
have carried out this experimental study on much
younger animals and to have allowed a much longer
growing time, but funding constraints prevented
this possibility. This is meant to be a preliminary
study only. Our hope is that further studies in this
direction will be carried out by ourselves or others.
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Androgen-induced changes in laryngeal growth patterns were studied using a sheep animal model. Forty-eight lambs were divided in
to eight treatment groups. Lambs in seven of the groups were castrated at birth, while lambs in the eighth group served as an intact (non
castrated) control. Six groups were then treated with varying doses of testosterone and dihydrotestosterone, while the seventh served as a

castrated, non treated control. All animals were killed and gross dissections of the larynges were performed. Thirty-four linear and angular
measurements were obtained from each larynx. The mean superior thyroid horn separation showed the most dramatic androgen-induced
effect (p = 0.023). Laryngeal anterior-posterior diameter, superior thyroid horn height, posterior thyroid cartilage width, thyroid cartilage
angle, and vocal process to arytenoid base distances all demonstrated positive dose-response relationships. Hypoandrogenic levels appeared
to have an inhibitoryeffect upon laryngeal growth when compared to castrated controls.

KEY WORDS - androgen stimulation, laryngeal development.

INTRODUCTION

Distinct differences between normal adult male
'and female voices are obvious to all who listen.
These differences are explained in a number of re

ports that have demonstrated a clear sexual dimor

phism in the postpubescent larynx. 1-4 These differ
ences are characterized by a generalized increase in
all dimensions of the male larynx. It has been long
taken for granted that these observed changes in the

postpubescent male larynx are a manifestation of

androgen stimulation. Relationships between the

presence of testes and the development of secondary
sexual characteristics at puberty, including voice

changes and the preeminence of the Adam's apple,
have been documented since the writings of Aristo
tle." As a pathologic correlate, deepening of the fe
male voice is an expected finding in adrenal viriliz

ing syndromes. 6

Since the introduction of the hormone-receptor
concept, receptors have been documented in virtu

ally all organ systems. Most of this work has been

performed in areas where some therapeutic gain is

theoretically possible, eg, endocrine dysfunction
and in certain oncologic systems. Some investigators
have collected data regarding the response of the

larynx to endocrine manipulation. The vocal mus

culature in the larynx (syrinx) of zeb�a finches and
canaries was found to have specific high affinity
androgen-binding proteins. 7 In these species, where

singing is limited to the male, androgen stimulation
of females produced song. These investigators also
noted changes in the syringeal framework and sug
gested the presence of sex hormone receptors in the

underlying cartilage. 7 Androgen receptors have

been documented in laryngeal soft tissue in other
animals, including humans.5,8-12 Tuohimaa et al"

studied 20 human larynges and were able to quantify
the high affinity androgen receptors from five (25 % )
of their specimens. Arytenoid, epiglottic, and cricoid

cartilage receptors were demonstrated. However,
documentation of the presence of specific androgen
receptors in laryngeal cartilage is scant. Our study
identifies gross differences in laryngeal anatomy
among several groups of male sheep which had been

subjected to varying amounts of androgen stimula
tion. Identification of areas of significant size dif
ferences will facilitate the search for high affinity
androgen-binding proteins in laryngeal cartilages.

METHOD

Forty-eight rams of Finnish Landrace breeding were used in a

study evaluating the role of androgen in growth production at the
USDA Agricultural Research Service, US Meat Animal Research
Center, Clay Center, Nebraska. Forty-two lambs (wethers) were

surgically castrated under xylazine analgesia at approximately 2
months of age; six rams served as intact controls (group 1), At ap
proximately 4 months of age, the wethers were randomly assigned
to one of seven treatment groups of six animals each: group 2 -

castrated controls, group 3 - low dose testosterone (T), group 4
- physiologic dose T, group 5 - high dose T, group 6 - low
dose dihydrotestosterone (DHT), group 7 - physiologic dose
DHT, group 8 - high dose DHT. Silastic capsules filled with

crystalline T and DHT were made from Silastic medical grade
tubing (3.35-mm inner diameter x 4.65-mm outer diameter, Dow

Corning, Midland, Mich). 13,14 Capsules measuring 3 em in length
and containing the appropriate amount of androgen were then

implanted subcutaneously over the ribs using a surgical trochar.
.

Blood samples for androgen assay were obtained by jugular veni

puncture 28 and 56 days postimplantation. Serum T was deter
mined by double antibody radioimmunoassay procedures as de
scribed by Schanbacher and D'Occhio.15 Serum DHT was mea

sured by radioimmunoassay after solvent extraction. 16
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Fig 1. Views of grossly dissected ovine larynx. A) Anterior, B) lateral, C) posterior, D) superior.

The wethers were killed 63 days following implantation. Semi
nal vesicles were collected in order to correlate the weights of
these androgen-responsive organs with the level of androgen stim
ulation of the specimen.

Larynges were removed and then stored in a 10 % buffered for
malin solution prior to dissection. Four of the 48 larynges evalu
ated, one from each of groups 1 to 4, were unacceptable for study
because of trauma incurred during harvest. In other larynges in
which minor damage was sustained, only anatomically intact
areas were studied. Each larynx was studied without knowing the
treatment group to which it belonged. Each larynx was then dis
sected free from contiguous tongue, head, and neck musculature;

,

hyoid bone; thyroid gland; and cervical trachea (Fig 1). Thirty
four linear and angular parameters were measured on each speci
men according to a protocol modified from data previously re

corded in the human larynx." To obtain accurate cartilage and
soft tissue measures, three measurements were made on each of
the 34 parameters. Statistical analyses were performed on an

average of the three values. On seven specimens, two of the mea

surements were taken by the. principal investigator (NSB) and a

third by a coinvestigator (SRR). Linear measurements were made
with a Mitutoyo caliper (no. 505-633, Japan) accurate to 0.05
mm. Thyroid cartilage lamina angle measurements were made
with a device fashioned from two wooden tongue depressors
fastened by a single wood screw and a standard protractor.

The Kruksal-Wallis nonparametric one-way analysis of vari
ance was used to compare treatment effects. Equality of variances
and normally distributed data were questionable for some of the

parameters measured, so a parametric analysis of variance was not

appropriate. Note that 34 separate analyses were performed, so the

probability of finding spurious significant findings was increased.
In this situation, a strong indication of treatment effect is the ad
ditional observation of dose-treatment relationships or trends.

RESULTS

Dosing Regimen. The androgen-dosing regimens
-

were compared to the serum androgen levels and
seminal vesicle weights of each test group (Table 1).
Serum T and DHT levels were found to be appro
priate for the various treatment groups. Average T
levels for group 4 (2.1 ng/mL) approximated that of
the noncastrated control (2.2 ng/mL). The levels for
groups 3 and 5 were roughly multiples of groups 1
and 4. Similar patterns were demonstrated for
DHT-implanted groups. Seminal vesicle-develop-

ment response was proportional to the amount of

androgen present in the circulation of these lambs.
The mean weights of these structures correlated
well with the amount of androgens administered
and serum levels obtained.

Sample Regrouping. The narrow range of mea

surement of all parameters coupled with small
treatment group sizes made the detection of sizable
treatment effects difficult to ascertain. Since T and
DHT function in a similar fashion, the original
eight treatment groups were organized into four
treatment groups of increasing androgen stimula
tion. This gave more power in detecting treatment

effect, although differentiating between the sepa
rate effects of T and DHT was necessarily sacri
ficed. The eight treatment groups were combined in
the following manner: group A, minimal androgen
stimulation = group 2; group B, low androgen
stimulation = groups 3 and 6; group C, physiologic
androgen stimulation = groups 1, 4, and 7; group
D, high androgen stimulation = groups 5 and 8.

Reliability. The reliability of the measurements

between investigators was measured by paired t

tests. The average difference in the measurements

between the two investigators for each of the varia

bles should be near zero if taken accurately. The

TABLE 1. TESTOSTERONE (T)- AND
DIHYDROTESTOSTERONE (DHT)-DOSING LEVELS

Seminal
T DHT Vesicle

Treatment Group (ng/mL2 (ng/mL2 Weights (g2
1 Noncastrated 2.2 0.23 9.9
2 Control 0.2 0.05 0.6
3 Low T 0.8 0.06 2.0
4 Physiologic dose T 2.1 0.13 6.6
5 High T 4.2 0.21 9.4
6 Low DHT 0.2 0.09 1.1
7 Physiologic dose DHT 0.3 0.24 3.9
8 High DHT 0.3 0.44 6.9

All but group 1 were castrated.
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Fig 2. Measurement points on cartilage. A) Thyroid: ZZ' - posterior thyroid cartilage separation, AB - left superior thyroid horn
height, A' B' - right superior thyroid horn height, CD - left inferior thyroid horn height, C' D' - right inferior thyroid horn
height, BC - left posterior thyroid laminar height, B' C' - right posterior thyroid laminar height. B) Cricoid: GG' - superior
cricoid width, II' - superior cricoid length, HH' - inferior cricoid width, JJ' - inferior cricoid length, IJ - anterior cricoid
height, I' J' - posterior cricoid height, KI - left cricoarytenoid facet to cricoid arch, K' I' - right cricoarytenoid facet to cricoid
arch, KK' - central cricoarytenoid facet separation, LL' - medial cricoarytenoid facet separation, MM' - lateral cricoary
tenoid facet separation. C) Arytenoid: QR - left arytenoid base to vocal process, Q' R' - right arytenoid base to vocal process,
QS - left arytenoid muscular process to base, Q' S' - right arytenoid muscular process to base, RS - left arytenoid vocal process
to muscular process, R'S' - right arytenoid vocal process to muscular process.

minimum and maximum mean differences were

.0001 and .163, respectively. Only one of the varia
bles had a significant mean difference (inferior cri
coid length; mean difference .002, .02<p< .05).
However, this difference appeared spurious, judg
ing by the size of the difference and significance lev
el. Overall, the reliability between investigators
seemed quite acceptable.

Thyroid Cartilage. Changes were most marked in
the thyroid cartilage. Superior thyroid horn separa
tion (AA' , Fig 2) increased as the amount of andro
gen stimulation increased (p = 0.005, Table 2). A
similar observation was made in the posterior thy
roid lamina separation (ZZ'). Similar trends, al-

though not statistically significant, were noted in
the superior thyroid horn height (AB, A'B') and
anterior thyroid cartilage height (FF'). The pos
terior thyroid lamina height (BC, B' C') decreased
as androgen stimulation increased. However, the
posterior thyroid height (AD, A'D') and the inferi
or thyroid horn height (CD, C'D') were unaffected
by changes in T and DHT stimulation, suggesting
that high androgen stimulation manifests itself by
increasing the relative prominence of the superior
thyroid horns. Higher androgen-dosed larynges
tended to have a more acute thyroid angle (TA) by
approximately 1.5° to 2° (Table 3). A number of
areas in the thyroid cartilage in group B specimens
had means less than those of the castrated control,

F'!

TABLE 2. LARYNGEAL DIMENSIONS

FF'

Group A

AA'Y!' YRR' FE F'E AD A'D'

Mean
Variable
N

Group B
Mean

Variable
N

Group C
Mean
Variable
N

Group D
Mean

Variable
N

Kruksal-Wallis

2.807

.019
5

2.838

.019
11

2.923
.067

16

2.906

.036
12

.832

0.484
.041

5

0.411
.017
11

0.415
.015

16

0.480

.016
12

.231

0.956

.017
5

0.901
.040

11

0.969
.058

16

0.982

.017
12

.899

1.994

.068
5

1.749
.019
10

2.042
.089

16

1.945

.041
12

.48

.911

.087

5

.929

.099
10

.946

.124

16

.944

.105
12

.902

2.656
.107

5

2.570

.177

10

2.802
.275

16

2.719

.220
12

.141

4.107

.021

5

4.027
.082
11

4.068
.056

15

4.113

.029
12

.702

4.050

.129
5

3.874
.225

9

4.057
.216

16

4.041

.185
11

.238

3.186
.144

5

3.148
.174

8

3.341
.343

15

3.515

.218

11

.005
YI' - total vocal fold length, F' I - anterior cricothyroid separation, YRR' - vocal ligament length, FE - base of thyroid notch to vocal fold attach
ments, F'E - vocal fold attachment to anterior base of thyroid cartilage, FF' - anterior thyroid height, AD -left posterior thyroid height, A'D' -

right posterior thyroid height, AA' - superior thyroid horn separation.
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TABLE 3. THYROID DIMENSIONS
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Group A

TAZZ' AB A'B' GD G'D' BG B'G'

Mean
Variable
N

Group B

Mean
Variable
N

Group C
Mean

Variable
N

Group D

Mean

Variable
N

Kruksal-Wallis

3.409
.024

5

.942

.026

5

3.339
.043
11

.933

.012

11

3.582

.062

16

.958

.018
15

3.564

.075
12

.094

1.026

.036
12

.69
See Fig 2 legend for measurement key.
TA - thyroid angle.

.915

.022

5

1.427
.020

5

1.342

.013
5

1.761
.138

5

1.754

.04

11

1.622

.098
16

1.692

.108
12

.784

1.742
.161

5

1.776
.054
11

1.611

.088

16

1.641

.125
12

.645

54.07
17.91

5

54.00
22.33

11

51.25
9.65
16

52.70
37.75

12

.382

physiologic, or high level androgen groups (A, C, or

D, respectively). These included the anterior thy
roid height (FF') , posterior thyroid height (AD,
A' D' ), thyroid notch to vocal fold attachment
(FE), superior thyroid horn separation (AA'), and
posterior lamina separation (ZZ').

Additional Findings. Anterior cricoid height (IJ)
increased with increases in androgen stimulation

(Table 4). No other recognizable trends were noted
in the cricoid cartilage. The vocal process to base
(QR, Q'R') and vocal process to muscular process
(RS, R' S') lengths in the arytenoid cartilage
demonstrated positive responses to androgen stimu

lation, but they were less pronounced than those in
the thyroid cartilage (Table 5). The length of the
muscular process to base (QS, Q' S') appeared to be
unaffected by the various treatment modalities.

The anterior cricothyroid separation (IF') ap-

.881

.013
9

1.350

.047

11

1.337

.029
11

.962

.049
16

1.389
.023
16

1.390
.013
16

peared to be unaffected by changes in androgen
stimulation. The total vocal length (YI') tended to
increase as the androgen levels increased, while vo

cal fold length (YRR') was unaffected.

II'CC' II'

TABLE 4. CRICOID DIMENSIONS

II

2.329
.012

5

3.130
.047

5

.968

.048
11

.516

1.361
.025
12

.882

1.311

.013

12

.42

Sample Expansion. As a final check for consisten

cy of findings, comparisons were made across the
seven treatment groups for evaluation of T - versus

DHT-stimulated specimens. Groups 2, 3, 4, and 5
(T-stimulated) and groups 2, 6, 7, and 8 (DHT
stimulated) were respectively contrasted. The results
from these analyses were very similar to those ob
tained when treatment groups were collapsed and
T- and DHT-treated specimens were mixed. For ex

ample, the superior thyroid horn separation (AA')
in the T groups (2, 3, 4, and 5) had means of 3.19,
3.24,3.38, and 3.52 em, respectively, (p = .06), and
the DHT groups (2, 6, 7, and 8) had means of 3.19,
3.09, 3.44, and 3.50 em, respectively (p =

2.704

.046

5

.379

.001

5

Group A

K'I'HH' 1'1' KI

Mean

Variable
N

Group B

Mean
Variable
N

. Group C
Mean

Variable
N

Group D

Mean

Variable
N

Kruksal-Wallis

2.330

.014
11

3.036

.018
11

2.406
.027
15

3.226
.094
15

3.384
.017

12

.352

3.154
.075
12

.515

See Fig 2 legend for measurement key.

2.494
.008

5

2.406
.012
11

2.518
.042
14

2.459
.023
12

.297

2.756
.012
11

.392

.004
11

2.680

.037

5

2.680
.027
11

2.766

.087
16

2.682
.145
11

.887

2.679
.063

5

2.637

.032
11

2.774
.061
15

2.684
.076

11

.763

2.701

.063
5

2.700

.026
10

2.763

.073
15

2.752
.070
11

.900

2.735
.043
14

.429

.028
16

2.823
.080
12

.991

.433

.009
12

.555
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TABLE 5. ARYTENOID DIMENSIONS

KK' LL' MM' QR Q'R' QS Q'S' RS R'S'

1.737 1.142 2.150 1.707 1.653 1.244 1.324 1.531 1.556

.042 .135 .016 .001 .000 .002 .020 .015 .001

5 5 5 5 5 5 5 5 5

1.742 0.97 2.200 1.705 1.703 1.259 1.255 1.607 1.564

.011 .054 .024 .004 .002 .003 .004 .005 .006

10 10 10 11 10 11 10 11 10

1.770 1.048 2.195 1.723 1.709 1.321 1.295 1.599 1.619

.015 .072 .029 .015 .024 .023 .008 .010 .008

15 15 15 15 15 15 15 15 15

1.794 1.165 2.191 1.785 1.756 1.298 1.265 1.623 1.615

.011 .016 .013 .97 .014 .016 .004 .032 .012

12 12 12 12 12 12 12 12 12

.814 .31 .869 .440 .200 .603 .764 .534 .151
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Group A
Mean

Variable
N_

Group B

Mean
Variable
N

Group C
Mean

Variable
N

Group D

Mean

Variable
N

Kruksal-Wallis

See Fig 2 legend for measurement key.

0.026). The collapsed grouping showed groups A,
B, C, and D to have means of 3.19, 3.14, 3.34, and

I 3.51 ern, respectively (p = 0.005). General trends
observed in the combined T and DHT groups were

also observed in the T and DHT groups separately.

DISCUSSION

Studies by many investigators have documented a

marked difference between the prepubescent and
postpubescent human larynx. These changes are

generally characterized by an increase in size and

weight of laryngeal structures with some changes in

intercartilaginous relationships. Although earlier
investigators felt that these changes occur early in
life (approximately age 3 years), recent studies have
shown that male and female prepubescent larynges
are very similar in most respects until puberty. After

puberty both sexes experience a growth spurt with
the male demonstrating the most dramatic changes. 1-4

In light of these observations and the discovery of

androgen receptors in laryngeal soft tissue, one is
led to the conclusion that these changes are a mani
festation of androgen stimulation. No studies to

date, however, have demonstrated this relationship
in a prospective manner. An effort was made here
to produce a controlled situation simulating puber
ty to study the changes that occur in the peripubes
cent period.

Thyroid Cartilage. The thyroid cartilage demon
strated a greater response to androgen stimulation
than did the cricoid or arytenoid cartilages. This is
in contrast to Kahane's postmortem study in which
si-milar increases in size of all the postpubescent
laryngeal cartilages were noted." The differences
between the two studies may have been due to the
length of androgen exposure, ie, 63 days versus sev

eral years. The superior thyroid horn separation dis
tance (AA') and the posterior thyroid cartilage sep
aration (ZZ') show significant evidence of an-

drogen effect in our study (Fig 2A). This may be
partly due to an increase in the superior thyroid
horn height (AB, A' B'), which also demonstrated
positive response to androgen stimulation. It was

interesting to note that while posterior thyroid
height (AD, A'D') remained fairly constant among
all the test groups, the superior thyroid horn height
(AB, A' B') and the posterior lamina height (BC,
B' C') of the thyroid ·cartilage had an inversely pro
portional relationship given the amount of an

drogen stimulation (Table 2). One then suspects
that prominence of the superior thyroid horns car

ries some unknown significance in the male of the
species.

The thyroid angle (TA) has been recognized as a

classic example of sexual dimorphism in the human
larynx. Judson and Weaver!" reported that this
angle ranged from 120°-130° to 100° -llO° in the
postpubescent female and male larynges, respec
tively. Kahane found that the TA of the male and
female prepubescent larynges measured 88 ° and
87.8°, respectively. Postpuberty, the mean TA in
creased to 92.5° for the female and decreased to 84 °

in the male.1 In comparing the results of these two

studies, a large difference in the mean TAs for the
male and female are noted. This may partially be a

reflection of the length of androgen stimulation
postpuberty. Kahane's subjects ranged from ages 9
through 18, whereas Judson and Weaver's were

older and had a longer period of androgen stimula
tion and greater laryngeal growth. Similar trends
were apparent in our studies. Groups A and B (less
androgen stimulation) had a mean TA of 54 ° while
groups C and D (greater androgen stimulation) had
a mean TA of 52°. This smaller relative difference
between the means of the TA may also be a reflec
tion of the length of androgen stimulation, as the
specimens were treated only for a period of 63 days.
Species variability must also be taken into account.
It is certainly possible that the TA difference be-
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Fig 3. Arytenoid cartilage (A) with large corniculate carti
lage in place (C).

tween a mature male and female ovine larynx may
not be as great as in the human larynx. Unfortun

ately, these data are not available for comparison.
The anterior thyroid height (FF'), thyroid notch

to vocal fold attachment (FE), superior thyroid
horn separation (AA') and posterior thyroid lamina

separation (ZZ' ) all demonstrated decreased

growth when stimulated with low doses of T or

DHT as compared to the other treatment groups.
For example, the anterior thyroid notch to vocal
fold attachment (FE) means for the four treatment

gTOUpS were group A, 1.90 cm; group B, 1.75 cm;

group C, 2.04 cm; and group D, 1.99 cm. The

means. for treatment groups with low androgen
stimulations were clearly less than those with mini
mal androgen stimulation (castrate control) or those
with physiologic or supraphysiologic stimulation.
No explanation can be given for these results, nor

can a similar physiologic model be identified.

Cricoid Cartilage. Other than the anterior cri
coid height (IJ), the cricoid cartilage failed to show
any response to androgen stimulation (Fig 2B).
Structurally, the ovine cricoid cartilage tended to

show a significant amount of variability. Androgen
induced changes could possibly have been masked
by this structural variability. The inferior margin of
the cricoid lamina is elongated inferiorly, resembling
a tail. This varies greatly in length and shape from
specimen to specimen, regardless of the amount of
androgen stimulation. This tail made the evalua
tion of the degree of androgen response of the pos
terior cricoid height (I' J') particularly difficult.
Cricoarytenoid facets were poorly defined, which
made accurate measurement of the facet-related
parameters difficult. Initially the cricoid cartilage
was completely dissected from the surrounding
structures for evaluation. However, early on in the
study we found that the flexible nature of the non

ossified cricoid cartilage could easily have created
error in measurement of the inferior and superior
cricoid ring width and length. To help alleviate this
problem, later cricoid evaluations were performed
with the cervical trachea left attached to provide
structural support for the cricoid ring so that the
amount of ring distortion would be decreased.
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Arytenoid Cartilage. An arytenoid response to

androgen stimulation was observed. However, it did
not appear to be as dramatic as that of the thyroid
cartilage. The length of the vocal process seemed to
increase as androgen stimulation was increased.
This was reflected in the base to vocal process (QR,
Q' R') and the vocal process to muscular process
(RS, R' S') measurements (Fig 2C). The initial in
tent of this study was to use the arytenoid apex from
which to measure cartilage length. This was quickly
abandoned after observing the wide variability in

apex position in this structure. The apex of the

sheep arytenoid cartilage is attached to a very wide

flanged corniculate cartilage (Fig 3). The latter
may function to assist in protection of the larynx
from aspiration in lieu of the false vocal cords,
which are virtually nonexistent in this species.

Soft Tissue. Increases in total vocal fold length
(YI') are probably reflective of the vocal process re

sponse to androgen stimulation, more so than elon

gation of the vocal ligament (YRR' ). The vocalliga
ment lengths were measured while the larynx was

intact so that assessment of this structure could be
made in its natural state. This entailed identifying
the tip of the vocal process through tissue that had
been thickened by formalin fixation, and caused a

fair amount of variability in this measure. How

ever, since there were no appreciable differences in
vocal ligament lengths over the four treatment

groups, we do not feel that a significant androgen
effect was demonstrated here.

GENERAL DISCUSSION

The results of this study should be interpreted in

light of a number of factors. First, data pertaining
to the basic characterization of the male and female
ovine larynx are not available. We are comparing
our data to human studies where a greater amount
of sexual dimorphism may be present. A small de
gree of androgen-induced change in a species that
has a narrow range of laryngeal growth, ie, sheep,
may prove to be more significant in comparison to a

species in which peripubertal laryngeal change is

great, ie, human. The 63 days over which T and
DHT were administered was not representative of

physiologic puberty. More significant results may
have been produced if the period of androgen stim
ulation had been prolonged.

Sexual dimorphism is not solely a function of an

drogen stimulation. Estrogen stimulation plays a

predominant role in the development of female sec

ondary sexual characteristics. Narbaitz et al demon
strated estrogen receptor cells in the mesenchyme of
the vocal cords and . laryngeal additus of the fetal
mouse.

10 Schuller et al ;" however, were unable to

convincingly demonstrate the presence of estrogen
and progesterone receptors in specimens of upper
aerodigestive tract neoplasms. Even though there
appears to be a debate in the literature as to the
presence of female sex hormone receptors in the lar-
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ynx, one cannot exclude their role in the develop- tion, our study shows that androgens playa major
ment of the female larynx. To answer this question, role in this process. The thyroid cartilage demon-
selective hormone stimulation of an animal system strates the greatest response to androgen stimula-
devoid of all estrogen-androgen stimulation would tion in this model and will be the focus for future
be required. studies of laryngeal cartilage high affinity andro

gen-binding proteins. Further studies of this nature

are needed to clearly define the role of sexual hor
mones in the development of the human larynx.

Although no one endocrine substance can claim
sole responsibility for laryngeal sexual differentia-
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ELEVENTH DANIEL C. BAKER, JR, MEMORIAL LECTURE

THE FOUR FACES OF MEDICINE

LAWRENCE K. PICKETT, MD

NEW HAVEN, CONNECTICUT

I am delighted to be here and most pleasantly
flattered to be chosen to give the Daniel Baker Lec
ture. Although I did not have the pleasure of know
ing Dr Baker personally, in my researches and
speaking to friends who knew him, I am even more

flattered and feel honored to be invited to par
ticipate in the annual celebration of his life and ser

vice. I have chosen as my theme something which
relates precisely to my own career. The choice of
the subject demonstrates something less than abject
humility, but since humility is not one of the pri
mary characteristics of a surgeon, I hope to be ex

cused for this reference.

My career really has had four faces: that of pri
vate practice, an academic experience, as an ad
ministrator in academic and hospital administra
tion, and finally, in industry. It seems fitting to take
these four faces and to try to define or comment on

how each has reacted to the crises of the present
day. There have always been crises, and, if there
had actually not been any crisis, then the press and
the media are quite expert at conjuring one up. The
crises to which I refer are several, ie, the escalating
expense of medicine, the inexorable march of high
technology which seems to be robbing our profes
sion of its humanity, the growing concern of the
consumer and care providers that the profession is

delivering other than optimal care, out of hand ex

penses as reflected in malpractice problems. The

major voice we hear in response to these concerns is
that of government on both state and federal levels.

I shall begin by discussing the response of indus
try to this current state of affairs with regard to two

aspects - that of the health care industry itself and
its response to the economic pressures of delivering
the product, and the response of all industry to the
increasing cost of health care for workers. In the
first instance, industry, driven by economic forces,
has responded most radically in reshaping its major
thrusts. There was a crescendo of activity toward
jumping on the band wagon for higher and higher
technology. This was obviously leading to higher
and higher costs. The cost-benefit ratio was more

and more difficult to discern. If one refers to the
Health Industry Manufacturers Association Jour
nal, one finds a very definite change in emphasis in
its advertising thrust. It is obvious that industry is

recognizing the problem of cost containment and is,
in very specific ways, altering its activities, blend
ing high technology with production and sales of
cost-saving equipment, and concentrating on the
home health care market and alternate routes of
health care delivery, ie, surgi-centers, emergi-cen
ters, convenience clinics, and other out-of-hospital
functions. Marketing, distribution practices, and
sales tactics have adjusted to the changing scene.

The second aspect of industry's response is the
concern over the percentage of the cost of a product
that can be directly attributed to health care of the
employee. This has been most forcefully brought to

our attention by the leaders of the Chrysler Cor

poration, Messrs lococca and Califano. After his
departure from the government, Califano joined
forces with lococca and began to study the cost of
health care delivery for the employees of the Chrys
ler Corporation. The end result was recognition
that $600 of the cost of every car was directly at
tributable to health care for Chrysler employees. In
several very lucid writings, Califano pointed out
the waste, duplication of effort, and unnecessary
expense sponsored by the company- in undertaking
the cost of medical care for its employees. In
numerable other major and smaller corporations
have evidenced their concerns with specific actions
to counteract this problem. Out of all of this has
come a loss in choice by the consumer, effort on the
part of companies to offer the employee a choice of
avenues for medical care, increasing copayment on

the part of the employee (throwing some of the
responsibility for cost of medical care back to the
employee), and entry of a concept on the scene, that
of the gatekeeper. Industry has appointed individu
als to be the czars of health care delivery, determin
ing what care is appropriate, where it should be ob
tained, and even how it should be obtained. The
gatekeeper is responsible for directing all possible
surgery to the outpatient route. This gatekeeper

Dr Pickett is the emeritus William F. Carmalt Professor of Surgery and Pediatrics, Yale University School of Medicine, New Haven, Connecticut, and a

medical consultant with Welch Allyn, Inc, Skaneateles Falls, New York.
Presented at the meeting of the American Laryngological Association, Miami Beach, Florida, May 25-26, 1985.
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movement has a direct bearing on specialty in
terests. The gatekeepers are increasingly demand

ing that the employees receive as much care as

possible from primary care physicians, leaving mat
ters of specialty consideration until such a referral is

approved by both a primary physician and the
health gatekeeper. Obviously, in moderation, this is
a valid concept, but overkill and over-regulation
make it a dangerous concept and one of great con

cern, particularly to the body here present. Indus

try has and continues to respond very effectively,
driven by economic forces more recognized by in

dustry than by the other segments we will be dis

cussing.
The industry we shall now discuss is the hospital

and health care delivery in general. Obviously, the

object of much current attack and government
edict, the center of action for cost control and
regulation is the hospital and its allied academic
component. The hospital industry has responded
dramatically to the changing regulation scene. I ad
mit, most hesitantly, if not defensively, that I had
.direct involvement with the origination of the
DRGs or Diagnostically Related Groups. The very
first studies by the Yale Department of Epidemiolo
gy and Public Health were based on information
supplied by Yale New Haven Hospital to the inves

tigators concerning the cost of such standard pro
cedures as hysterectomy, cholecystectomy, appen
dectorny, and excision of varicose veins. The cost
information and resource allocation involved in the
delivery of these standard procedures were the basis
for the first of the DRGs, introduced and invented
for the purposes of preparing a budget within the

hospital. The history of their being adopted by
local, state, and now federal government is well
known to all of you. President Reagan has professed
an aim for deregulation and lack of government in
volvement. Diagnostically Related Groups are cer

tainly the finest example of deregulation by increas
ed. regulation that history has ever noted. Obvious
ly, the government is responsible as a provider and
the payer for health care for more than 50 % of the
consumers. Medicare and Medicaid are escalating
at rather an impressive rate due to the increased age
of our population and the seemingly increasing in

digent population. Realizing the attempt to harness
medical care costs by direct approach to the more

than 400,000 physicians in this country would be
difficult, the government then turned to the 4,000
to 6,000 hospitals. This puts in the hands of the
hospital the responsibility for shortening the length
of stay, decreasing the number of admissions that
were deemed unnecessary, allocating health care to

sites other than the hospital, and in general, regu
lating physicians who have historically been
designated as the responsible party in the escalation
of health costs. That this has been successful, we

have no question.
The recent figures, comparing 1982 to 1984, show

that hospital admissions, already in a 1.3 % decline

in 1982, escalated to a 4.6% decline in 1984. Over

age 65 admissions went from a 4 % growth rate in
1982 to a 4.5 % decline in 1984. Under age 65 ad
missions went from a 3.5 % decline in 1982 to a

4.7% decline in 1984. The length of stay went from
a 2 % decrease in 1982 to a 6 % decrease in 1984 and
since then has been clocked at a 6.6 % decrease. In

patient, non-labor expenses went from a 9.6% in
crease to a 4.5 % increase, indicating more stringent
cost control in the hospitals. These figures come

from the American Hospital Association for 1985.
The hospital profession has responded very abruptly
by corporate reorganization, diversification of the
thrust of the hospital, and attempts to capture the
market share of the increasing growth of alternate
delivery forms such as emergi-centers, surgi-cen
ters, off-site birthing units, and even the rapidly es

calating HMO and group practices. Hospitals have
joined actively in forming and/or contracting with

preferred provider organizations in conjunction
with insurance companies to assure capture of a sur

vival share of the hospitalized patient market.

There is also a very evident increase in potential
conflict between the hospitals and the medical staffs
since the administrator of the hospital is held re

sponsible for all of the above restraints and re

strictions and the medical staff sees itself threatened
by such control. There are many examples of
organization of the medical staff contractual rela
tionships to resolve these conflicts. Such an example
is at the Highland Hospital in Rochester where
there is a formal contract assuring the hospital of a

continued flow of patients and the physician of ac

cess to the hospital. Marketing, competition, and
corporate changes have all escalated and are affec
ting the survival of many hospitals. The hospital has
responded to these forces most dramatically and
evidence of the effectiveness of its response is in the
bottom line. The hospital industry's margin, ie, the

percent of revenues retained after expenses, has
soared in 1984, according to figures supplied by the
American Hospital Association. Despite a decline in

admissions, length of stay, and thus revenues, the
exercises of cost containment and attention to more

efficient management have paid off. The shift from
cost-based reimbursement to prospective payment
for hospitals has had a positive effect despite dire
predictions.

The third face of medicine that we will be con

sidering in combination with the fourth is, perhaps,
.

the most significant as far as the present audience is
concerned. The academic world is faced with two

major dilemmas in separate, but related, aspects of
their functions. From the strict research point of
view, there are proposals in deficit reduction
legislation to limit the number of sponsored grants
from the National Institutes of Health and other
federal sources. There is a serious effort to cap the
amount of money and the numbers of grants to be
allocated. This further constricts and constrains the
ability of the academic research function to thrive.
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The ingenuity of the academic mind and the trend
of the times forces the entrepreneurs of academia to

look to other sources of funding. The joint venture

relationship with industry has been found to be very
attractive. More and more entrepreneurs and busi
ness-oriented researchers have allied themselves
with industry to undertake directed, more prac
tical, and rewarding research as far as the final pro
duct is concerned. Schools have had to allow such
entrepreneurs freedom to do this and to share in pa
tent rights, benefits, and other rewards of the high
technology society. It does bring sources of personal
and institutional support previously not exploited to

this extent.

The other aspect of the academic function like
wise emanates from support for programs, faculty
salaries, etc. More and more the academician had
to provide an income from practice to support pro
grams and to assure economic survival. Increased
emphasis on practice leads individuals away from
the proper amount of time in teaching, diminishes
the difference between the academic and the
private practitioner in the outside world, and
changes the whole nature of the faculty make-up.
In both situations, individuals in the academic
world become obsessed with survival from the eco

nomic standpoint with increasing numbers of en

tangling alliances.

The teaching hospitals associated with academia
are finding themselves the recipients of the majority
of the indigent population. The remarkable growth
of the for-profit hospitals has caused more and more

of the indigent and nonpaying patients to be di
verted toward the teaching hospitals. Inadequate
reimbursement from Medicaid and local welfare
funds have created a major problem in the financial
support of the teaching hospital. The problem is

compounded by the need to carry a higher overhead
for the latest technology required by the academic
members of the hospital staff. It is quite obvious
that there has to be a closer relationship between
the hospital administration and the physicians on

the hospital staff. Academic members of hospital
staffs are so preoccupied with survival and other
matters mentioned above that their interest in the
running of the teaching hospital is thrown much
more to lay leadership and to the hospital ad
ministrative fraternity, making for a weaker care

relationship. Some faculty group practices, the ma

jor contributors to patient care in teaching hos
pitals, have sought to become preferred provider or

ganizations. Increasing numbers of contractual ar

rangements are being made to assure an increase in
market-share of the patient population for income
survival.

All of this has siphoned away the major thrust of
the academic world, that is, of teaching, ie, re

producing ourselves in terms of supervision of house
staff and teaching of medical students. Dr Robert
PetersdorP has talked about a solution for

the medical schools: to have a two-platoon system
of faculty membership. No longer can the prover
bial three-legged stool be the sole province of any
single member of the faculty. He suggests that
research-oriented faculty members be in one pla
toon, but must also do some teaching. The second
platoon would be clinically oriented, but must also
teach. Both would contribute to the survival of the
academic medical center. This lucid presentation
by Dr Petersdorf sums up the problem in a very elo
quent way.

The fourth face is that of the practice of medi
cine. Let it be said that the solo practitioner is al�
most an endangered species. Rapid growth of the
HMO and other group practice thrusts has been re

markable. The HMO is fast becoming part of multi
clinic chains, many now established for profit.
Their growth and emergence on the big board in
the stock market attests to the success of this ven

ture, started a little more than 10 years ago. There
are increasing numbers of physicians, a result of the
increase in the number of medical schools from 90
to 127 in less than 10 years, and the increased num

ber of graduates from 8,000 to 16,000 in the same

period of time. Despite the critism and disbeliefs of
the Graduate Medical Education National Advisory
Committee report, there is increasing evidence of a

glut of physicians. As noted in the discussion of
hospitals, admissions are decreasing, length of stays
are decreasing, and hospital incomes are likewise
decreasing. This will eliminate beds. Beds are the
controlling factor over a great number of our pro
fession who are hospital-bound. Physicians are

becoming obsessed with incorporation, business ar

rangements, contractual arrangements with hos
pitals, forming provider organizations for reas

surance of availability of hospital space, and are be
ing smiled upon by insurance companies which
must drive the most advantageous bargains for their
client's industry.

We have already related the restriction of the
choice of physician by industry, the gatekeeper
phenomenon, the competition for hospital beds,
and a guaranteed flow -of patients. The constraints
of the DRGs and the threat of physician reimburse
ment by some system similar to the DRGs all con

stitute the crisis and the threat to the practice of
medicine. This face of medicine has, perhaps, re

sponded in a more fragmentary manner with less
organization and less of a united front than any of
the three previously mentioned.

The American Medical Association, if one judges
the effectiveness of the agenda and the motions of
the most recent House of Delegates meeting, con

tinues to playa reactive role rather than a proactive
role despite the meritorious effort of its leadership.
Lawmakers and other legislative bodies, both local
and federal, are viewing the physician and his efforts
at survival with much suspicion, fearing that they
are becoming more business-oriented than care-ori-
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ented, and that their entrepreneurial efforts seem to

be overriding their need to care for the population
in the most cost-effective, humane, and expedient
manner. Having been incarcerated for a 2-month
period because of illness, I watched more television,
heard more radio, and read more newspapers than
is my wont. The preponderance of negative news

worthy articles and the repeated exposure of physi
cians or hospital catastrophies are certainly evi
dence that the medical profession is held in low

regard or lower regard by the media and the public
than ever before in history. It is the public's anxiety
that medical care, in addition to being excessively
costly, is now becoming a big business rather than a

humane operation.

No such dissertation should be complete without
at least some conclusions and some thoughts to the
future. I hold no crystal ball. I have summarized
some of the aspects of the medical care world and
how I view them at the current time. I now mention
one of the major threats to medicine in general: that
is the efforts at cost control and deficit reduction in
'the construction of the national budget now being
completed. Proposed are caps on Medicare reim
bursements, which seriously threaten the pass
through concept of medical education support by
Medicare and Medicaid and very soon, all of the
carriers of health insurance. We have reacted
through the Association of the American Medical
Colleges and through a committee of the American
Medical Association in a fragmentary way, not in-

dicating the seriousness of this threat. If support of
postgraduate education and residency training is
removed as a function of patient care dollars, we

must have a very strong and forceful movement to
see how it can best be supported. Resident staffs
supply manpower in our hospitals at the same time
as they receive actual training for the future. We
must be more active in suggesting a more positive
solution rather than a negative one in fighting the

attempt of the government to insinuate cost control
and budgetary constraints into what I am sure most

of us feel is an essential function of our existence. A
voice too seldom heard has been that of the special
ty society, although there are individual efforts by
specialty societies to address the issue. I am a

member of one of them whose activities in the past I
fear expended much more energy and anxiety to

protect turf and less toward uniform efforts to im

prove the training of pediatric surgeons and the
assurance of available health care for children. Our
society has moved in the direction of more global
problems, but still inadequately. The government,
in its proposed strictures on funding of medical
education, overtly plans to fund training of primary
care physicians and selected specialties that govern
ment, in its wisdom, deems short in supply, at the
expense of overpopulated specialties. Obviously a

balance must be struck. The voice of the specialty
societies, the obvious leaders in health care de
livery, must be heard, individually as well as collec
tively. If we don't speak up effectively, it will be
done for us, or rather, to us.

1. Califano A Jr. The Chrysler perspective. Group Pract J
1984; May-June: 6-10.

REFERENCES

2. Petersdorf RG. Current and future directions for hospital
and physician reimbursement. JAMA 1985; 253:2453-8.



LARYNGEAL NONCHROMAFFIN PARAGANGLIOMA

JOYCE A. SCHILD, MD

CHICAGO, ILLINOIS

MORRIS H. COHEN, MD

PEORIA, ILLINOIS

We report a case of prolonged chemodectoma of the larynx involving local recurrence and widely disseminated painful skin, bone,
and intra-abdominal metastases. The course of this 44-year-old man's disease closely follows that of six patients with local and distant
recurrence detailed here for comparison. These seven cases indicate the slow growth of these lesions, the pain associated with both the local
and distant tumor deposits, and the propensity for skin and bone metastases, as well as intra-abdominal disease in some. Malignant
chemodectoma does not appear morphologically different from benign; therefore, the treatment of choice is resection with a wide margin
of normal tissue. Partial laryngectomy may be needed to obtain such a margin. Total laryngectomy has been necessary only in two patients
with malignant chemodectoma. Resection of metastases, where feasible, has also provided relief or pain in some patients. Radiation
therapy has provided palliation only.

KEY WORDS - chemodectoma, nonchromaffin paraganglioma.

INTRODUCTION

Nonchromaffin paraganglioma, also known as

chemodectoma, is an uncommon tumor, occurring
rarely in the larynx! It was first described in 1955

by Andrews," and there have been only 36 published
case records. 1.3,4 Our report, only the seventh pub
lished, describes a patient having local recurrence

or distant metastases. These seven reports indicate
that the malignant form of laryngeal nonchromaf
fin paraganglioma grows slowly, either with pro
longed symptoms prior to identification or a long
interval before local recurrence or distant metasta

ses, which are seen as painful skin nodules and bone
erosions. Three of the seven patients also had intra
abdominal involvement.

CASE REPORT

This 44-year-old man, after lifting a heavy object,
had acute laryngeal obstruction requiring an emer

gency tracheotomy. He had been hoarse for many
years, had been told of a vocal cord paralysis, but
did not know which side was affected. When his
condition stabilized, he underwent direct laryngos
copy which revealed a swelling of the right false
cord and aryepiglottic fold. A small biopsy from
this area resulted in a hemorrhage of four units of
blood. A second direct laryngoscopy confirmed the
presence of a large, smooth mass obliterating the

right side of the larynx and right pyriform sinus and
having the appearance of a laryngocele. The mass

was approached via horizontal incision at the level
of the thyrohyoid membrane. Better access was

made possible by removal of the superior cornua

and upper alar rim on the right side, which allowed
submucosal resection of the mass. Brisk bleeding at

the beginning of the procedure was controlled by
pressure and cautery. In the course of the dissec-

tion, a tortuous right superior laryngeal artery
found lying on the upper surface of the tumor was

ligated. The mass was removed submucosally, and
the patient was extubated 14 days after surgery.

5

The excised tissue was 1 em in the greatest diame
ter with a homogenous tan core weighing 5 g. His

tologic sections showed the large cells arranged in
small clusters surrounded by delicate fibrous septa,
so-called Zellballen. The cells had pleomorphic hy
perchromatic nuclei without obvious mitotic fig
ures. There were also small clusters of small, dark,
nucleated cells and many large vascular channels.
Small nerve trunks could be seen, closely sur

rounded by tumor cells (Figure). The diagnosis of
chemodectoma of the superior laryngeal ganglion
was made.·

The patient did well for 6 years, then again noticed
hoarseness and dyspnea. Following a tracheotomy,

Histologic section showing clusters of cells with hyper
chromatic nuclei and large vascular channels (lower por
tion) characteristic of chemodectoma.

From the Department of Otolaryngology-Head and Neck Surgery, University of Illinois College of Medicine at Chicago (Schild), and the Department
of Otolaryngology-Head and Neck Surgery, University of Illinois College of Medicine, Peoria Division (Cohen).
Presented at the meeting of the American Laryngological Association, Miami Beach, Florida, May 25-26, 1985.
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direct laryngoscopy showed a bluish mass involving
the right false cord and aryepiglottic fold. The true

vocal cords were intact. Biopsy specimens were

taken without incident and showed the same tumor
seen 6 years prior. A carotid arteriogram showed a

very vascular tumor of the right larynx predomi
nantly fed from the left external carotid. Partiallar
yngectomy was attempted; however, tumor inva
sion was encountered and a total laryngectomy was

necessary. Histologically, tumor was found in the

pre-epiglottic space with invasion into the epiglottis
and the adjacent hyoid bone. The margins of the re

section appeared free of tumor. Nine months after

laryngectomy the patient was reevaluated for pro
gressive leg weakness and was found to have epidur
al neoplasm at T2 and T3, as well as multiple bony
metastases to other areas of the spine, right clavicle,
scapula, and left sphenoid. A decompression lami
nectomy stabilized his symptoms until 3 years later
when he developed increasing pain. Further meta

static bone disease was found and he was treated by
radiation therapy as an outpatient. Ultimately he
developed bone metastases of the right ilia and
'ischia, occipital bone, sternum, ribs, spine, both
scapulae, both tibias, and left lateral orbit for
which he received radiation therapy. He died 71/2
years after his total laryngectomy, 131/2 years after
the original tumor resection.

DISCUSSION

Subsequent to Haller's identification of the carot

id body in 1742, structures of the same histologic
pattern have been found in other areas. Those in the
head and neck region include the glomus tympani
cum, glomus intravagale, glomus juxtavagale, glomus
jugulare, and nasal and orbital bodies. Other sites
are along the bifurcation of the trachea and the ex

trapulmonary bronchi, intra-abdominal cell collec
tions, and the cardioaortic bodies. 1

Relative to this report are the laryngeal bodies
which are among the most recently described. The

superior laryngeal bodies were first reported in 1963

by Watzka, 6 and the inferior bodies were described
by Kleinsasser in 1964.7 These laryngeal paraganglia
were confirmed by Jansen and Nettey-Marbell in
1967.8 Tumors of the laryngeal bodies were de
scribed even before the identificatiori of the struc
tures themselves. Credit for the first description of a

laryngeal paraganglioma is given to Andrews" who
in 1955 reported a 27-year-old man with hoarse
ness, dyspnea, and dysphagia of 2 years' duration,
symptoms described repeatedly in subsequent re

ports. Andrews's patient also had elevated blood
pressure, reported in only one other case report."
The tumor was removed via a thyrotomy incision
and submucosal dissection with much bleeding,
again typical of many of the subsequent reports.
Several case reports also described "neck masses"
coexistent with laryngeal tumor, but no diagnosis of
a malignancy was made in these cases. One patient

refused therapy'"; another had a laryngofissure, but
no statement was made of treatment for the neck
mass.!' Martinson's patient;" one of only two with
tumors of the inferior laryngeal glomus, had a prior
neck swelling removed 10 months earlier and re

mained well for 3 years.

Malignancies have been described in only six prior
cases. The first description of a patient with recur

rence of a laryngeal glomus was that of Wockel et
al. 13 The patient initially had endolaryngeal exci
sion and electrocauterizations of the base of the tu
mor. One year later a recurrence was treated in the
same manner, and the patient remained tumor-free
for 2 years. The second patient with recurrent tu
mor in only the larynx was described by Helpap and
Koch in 197414 as a 61-year-old woman with asymp
tomatic tumor in the posterior third of the right
false vocal cord. Excision biopsy was done, and
diagnosis of adenoma was made. She remained
asymptomatic through 6 years, when a recurrence

was found, identified as paraganglioma, and re

moved endolaryngeally. No further history of this
patient was given.

The first patient with distant spread was described
by Vetters and Toner, 9 with further details given by
Zachariah and Shah'" and Bundi.16 These combined
reports described a 68-year-old man with an 8-year
history of hoarseness, throat pain, and dysphagia,
who had a glossopharyngeal nerve section for an in
itial diagnosis of neuralgia. His blood pressure was

150/90 mm Hg, and he had a large submucosal
supraglottic mass on the right side of the larynx. His

partial laryngectomy was followed by a blood pres
sure decrease to 120170 mm Hg. Within 2 years a re

currence in the neck developed and was treated by
neck node dissection and radiation therapy; further
nodes were found on the opposite neck. After sever

al months the patient developed tender scalp nod
ules and a very tender nodule in his palate, which
was treated with cryotherapy. Recurrence of the la
ryngeal tumor prompted therapy with cyclophos
phamide. Painful nodules in the occiput and poster
ior triangle of the neck were relieved by excision.
The patient experienced abdominal discorrifort, in

cluding a tender nodule just below the umbilicus,
and weight loss, and died 21/2 years after his partial
laryngectomy.

Hooper in 197217 reported three patients with
chemodectoma but only two of them had metasta
'ses. A 55-year-old man presented with throat pain,
hoarseness, and difficulty swallowing of several
years' duration. He had a tumor involving the left
aryepiglottic fold and false cord, and a left neck
node. The initial diagnosis was undifferentiated
squamous cell carcinoma, and he received cobalt
therapy which caused a decrease in size of the la
ryngeal tumor and disappearance of the neck node.
Three years later his condition worsened and a right
neck node appeared. Tissue from this area was diag-



Schild & Cohen, Laryngeal Nonchronaffin Paraganglioma

nosed as chemodectoma. As the tumor progressed,
he developed 9th, 10th, and 12th cranial nerve pal
sies indicating involvement at the base of the skull.
He died 4 years after the initial radiation therapy.
Hooper's second patient with metastases was a 64-

year-old man seen 8 years previously with discom
fort in his throat and ear without obvious cause.

Four years subsequent to the original examination,
the pain persisted, and a dark papillomatous tumor
on the left aryepiglottic fold was found and re

moved. A biopsy suggested metastatic renal carci
noma. Symptoms persisted 4 more years until a

dark, red-brown, fleshy tumor was found on the
left arytenoid and posterior aspect of the left aryepi
glottic fold and false cord and was identifed as che
modectoma. The presence of neck nodes prompted
a neck dissection in association with a lateral phar
yngotomy and submucous resection of the tumor.

Adlington and Woodhouse" completed the de

scription of this patient in their subsequent paper
when they reported the appearance, 4 months later,
of acutely tender subcutaneous nodules which were

excised. Further subcutaneous deposits developed
as well as an ulcerated lesion within the larynx over

the left arytenoid and posterior aspect of the cri
coid. Total laryngectomy, left cervical node dissec
tion, and removal of the carotid bifurcation and

vagus and hypoglossal nerves relieved cervical and
facial pain but did not stop the appearance of fur
ther tender, subcutaneous deposits. The patient
died 11/2 years after his initial surgery. The other pa
tient described by Adlington and Woodhouse was a

51-year-old man with right otalgia and throat
discomfort of 5 months' duration. An ulceration ad

jacent to the vocal process of the right arytenoid
and a firm neck node at the right carotid was found.
The patient underwent a neck node dissection as

well as partial laryngectomy , but 4 months later, he

developed tender, subcutaneous nodules in the left

supraclavicular fossa and left elbow identical to the

original tumor tissue. At the same time he had per
sistent nausea, diarrhea, and jaundice, and was

thought to have tumor involving the nodes in the re

gion of the porta hepatis when liver biopsy showed

extrahepatic biliary obstruction. Multiple subcuta
neous nodules continued to appear, and he died 6
months following his initial surgery, 1 year from the
onset of his symptoms.

Our patient is the seventh with documented re

currence, and the fifth with widespread metastases.

He developed tumor in the larynx 6 years after ini
tial surgery and in later distant sites (skin, bone, ab

domen), from which he died 71/2 years later.

Several characteristics appear to be common to

malignancies of the laryngeal bodies: duration of
disease, pain (both locally and in distant metasta

ses), and location of metastases. Six of the seven pa
tients with malignancy had a long disease course.

Only the patient of Adlington and Woodhouse died
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within 1 year of the onset of symptoms. A long
symptomatic period prior to diagnosis occurred in
five of the seven patients. The patient of Wockel et

al had symptoms for 2 years, and the patient of Vet
ters and Toner had been treated for neuralgia for 7

years. Hooper's first patient had throat pain for sev

eral years, and his second patient suffered 9 years
before the correct diagnosis was made. Our patient
had been hoarse for many years before diagnosis,
though he had no pain during that time. The patient
of Adlington and Woodhouse had only 6 months of

symptoms before diagnosis. The patient of Helpap
and Koch was completely asymptomatic.

Four patients had a long interval between initial
treatment and recurrence. Hooper's patients had
tumor reappear at 31/2 years and 2 years, and the pa
tient of Helpap and Koch had recurrence at 6 years.
Our patient's tumor recurred first in the larynx at 6

years.

The survival time after recurrence is known for
five patients and varied from 6 months (Adlington
and Woodhouse) to 71/2 years (Schild and Cohen)
with a 3-year average survival. Survival time of two

patients is not known.

Though pain occurs frequently in patients with
chemodectoma" it is even more striking in those
whose tumors are malignant. Five of the seven pa
tients had pain as part of their presenting symptom
complex, locally in the larynx, on swallowing, or as

referred otalgia. Pain was also a major complaint
when the tumor metastasized and is described as

tender skin nodules, tender lymphadenopathy, and
painful bone metastases.

The location of recurrent tumor is also impor
tant. The patient of Vetter and Toner, whose tumor

originally occurred in the larynx only, first devel
oped an ipsilateral neck node followed by painful
metastases to skin and bone and abdominal pain.
Hooper's first patient, who originally had disease in
his larynx and ipsilateral nodes, developed painful
contralateral nodes and involvement at the base of
the skull. Hooper's second patient, with initial la
ryngeal and nodal involvement, developed painful
skin nodules as well as local recurrence in the larynx
remnant. The patient of Adlington and Woodhouse,
who initially had a partial laryngectomy and neck
dissection, developed multiple skin nodules as well
as intra-abdominal disease consistent with node in
volvement at the porta hepatis. Only the patient of
Wockel et al and Helpap and Koch developed re

currence confined to the larynx. Our own patient is
consistent with the pattern of recurrence described
by these previous authors in that he developed local
recurrence in the larynx, multiple painful skin and
bone metastases, and abdominal disease resulting in

peritonitis and septicemia; he never developed any
cervical adenopathy.
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Treatment for benign or malignant laryngeal che

modectoma is surgical excision. Helpap and Koch
described endolaryngeal excision. Wockel et al used

electrocautery for their patient's recurrence with no

reappearance of tumor 2 years later . Wetmore et al
described an 8�-year-old patient in whom they used
a polyp snare for excision of the mass from the right
aryepiglottic fold without incident, but the follow
up was only 6 months. Other surgery has been gen
erally confined to the lesion itself approached by
lateral pharyngotomy, by laryngofissure, or via the

thyrohyoid membrane. Portions of adjacent carti

lage have been removed as necessary for complete
excision of larger tumor. Total laryngectomy was

used as initial resection in only one case where the
tumor had extended beyond the supraglottic struc

tures. Secondary total laryngectomy was required
in Hooper's second patient who had had a recur-

renee following a partial laryngectomy , and in our

own patient.

Radiation therapy is used mainly for palliation of
disease. Hooper's first patient received radiation be
cause of the original erroneous diagnosis of undiffer
entiated squamous cell carcinoma. The nodal dis
ease initially disappeared, but the larynx was never

totally free of disease nor did radiation prevent the
occurrence of contralateral nodal disease 31/2 years
later, and skull base involvement on the same side 2
months after that. Zachariah and Shah used 6,000
rad to nodal metastases without success. In our own

case radiation therapy was used as palliation for
skin and bone metastases with temporary relief.
The best palliative treatment for metastases is surgi
cal excision, when possible, which has resulted in

complete disappearance of pain.
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IDIOPATHIC LARYNGEAL DEVIATION: CHARACTERISTIC
FINDINGS AND PROBLEMS IN STAGING ASSOCIATED CANCER
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Several causes of laryngeal deviation have been reported although they have not been precisely elucidated. We report 57 cases that oc

curred for no apparent cause. The patients had no previous history of trauma or surgery of the neck or chest. We designated this peculiar
deformity as idiopathic laryngeal deviation. A typical pattern of distortion of the thyroid cartilage with displacement of the notch laterally
to the right side was found. Characteristic findings of idiopathic laryngeal deviation on mirror examination, palpation in the neck,
laryngography, and computerized tomographic scan were described. We report the possibility of the association of laryngeal deviation
with cancer of the larynx or hypopharynx and emphasize that the extent of tumor may be overestimated, unless the examiner is aware of its
associations and is familiar with its characteristic signs.

KEY WORDS - cancer staging, diagnostic sign, idiopathic deformity, larynx, thyroid cartilage.

The normal larynx faces precisely to the front,
the thyroid notch lies in the center of the neck, and
both right and left thyroid alae symmetrically in
cline posterolaterally. It is known that some patho
logic situations may produce a deviation of the lar
ynx, showing lateral displacement of the anterior
commissure on mirror examination. When larynge
al deviation with no apparent cause is observed in
otherwise healthy patients, it should be labeled idi
opathic laryngeal deviation.

We have seen 57 cases of idiopathic laryngeal de
viation during the past 10 years. In patients with la
ryngeal or hypopharyngeal cancer associated with
laryngeal deviation, the extent of cancer may be
overestimated in the staging process and a proper
therapeutic strategy may not be established unless
the characteristic findings of laryngeal deviation
are correctly understood by the examiner. In this
paper, some typical findings of laryngeal deviation
are mentioned and problems in staging the cancer

associated with it are discussed.

MATERIALS

During the last 10 years, from 1975 to 1984, a

total of 91,360 patients presented to the Depart
ment of Otolaryngology, Keio University Hospital,
Tokyo. Among them, 136 laryngeal deviations were

found. Of these 136 patients, 79 had a past history
of trauma to the neck or surgery for chest disease,
and they were eliminated from this series. The rest,
57 cases (0.06%), were diagnosed as having idio

pathic laryngeal deviation. There were 56 devia
tions to the right and only one to the left. All pa
tients were over 50 years of age and male, except for
one woman who had associated hypopharyngeal
cancer. They complained of fatigue in phonation,

abnormal sensation in the laryngopharynx, or slight
hoarseness.

CLINICAL FINDINGS

Mirror Examination. Mirror examination dis
closes characteristic findings. The anterior commis
sure deviates to the right, resulting in a glottic rima
that is not straight. This may be easily overlooked
even by trained laryngologists, because they have a

preconception that the anterior commissure must be
in the center of the larynx, and sometimes they un

consciously regulate the mirror angle.
The left (contralateral) false cord looks swollen

and may conceal most of the left vocal cord (Fig 1).
The mobility of the left vocal cord seems slightly
limited. These particular findings can create a false
impression for the examiner, but are enough to
arouse suspicion of a left ventricular tumor invad
ing submucosally upward and downward. The left

Fig 1. Typical idiopathic laryngeal deviation under mirror
examination. Anterior commissure deviates to right. Left
false cord looks swollen and conceals most of left vocal
cord.

From the Department of Otolaryngology, Keio University, School of Medicine, Tokyo.
Presented at the meeting of the American Laryngological Association, Miami Beach, Florida, May 25-26, 1985.
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are observed in the glottis. During inspiration, the

right vocal cord protrudes into the laryngeal cavity
and the right ventricle is wide, suggesting right re

current laryngeal nerve palsy (Fig 3A). The bulging
of the left false cord is conspicuous during phona
tion. The left ventricle is extremely narrow, and the
left vocal cord looks small and thin. The left pyri
form sinus discloses insufficient filling of the con

trast medium, and the left glottis is much wider
than the right. This pattern is usually unmistakable
and may lead to a misdiagnosis of neoplastic inva
sion extending into the larynx from the left pyriform
sinus (Fig 3B).
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Fig 2. Distortions of thyroid cartilage. A) Thyroid notch
deviates to right and anterior crest of cartilage inclines

toward.ri�ht. B) Sketch of cartilage inclining toward right
and twisting around body axis.

pyriform sinus looks shallow and narrow, sug
gesting that disease may exist behind it, although
the mucosal lining seems normal.

Neck Findings. The thyroid notch deviates to the

right and the anterior crest of the thyroid cartilage
inclines toward the right of the center line that

passes through the midportion of the mandible and
I the suprasternal notch. Bilateral thyroid alae do not

incline symmetrically, but twist to the right. These
distortions of the thyroid cartilage are three-dimen
sional, inclining off the center line and twisting
around the body axis (Fig 2). In remarkable cases,
the left cricothyroid joint protrudes anteriorly like a

mass lesion and may push the superior pole of the
left thyroid lobe downward, as can be observed in

scintigraphy of the thyroid gland. No demonstrable
deformity, however, is found on careful examina
tion of the hyoid bone and the cricoid cartilage. The

larynx elevates upward just slightly to the right dur

ing swallowing.

Laryngography. On laryngographic examination,
the valleculae are displaced to the right of the cen

ter line of the cervical spine. Characteristic findings

The inequality of both sides, however, dramatic
ally disappears when the patient rotates to the left
until the displaced thyroid notch directly faces the
film (Fig 3C).

Computerized Tomographic (CT) Scanning. In
recent cases, axial plane CT scans were applied. An
obvious distortion of the thyroid cartilage produces
asymmetry of both thyroid alae. The anterior com

missure and the glottic rima are displaced toward the

right (Fig 4A). During phonation, the adduction of
the left vocal cord seems to be slightly limited. The
pyriform sinus shows asymmetry, as seen in laryn
gograms, and the left pyriform sinus is much nar

rower than the right (Fig 4B). Computerized tomo

graphic findings may also give a false impression,
because axial planes right-angled to the body axis
are not exactly axial for the deviated larynx.

Electromyography. Twisting of the larynx may
be caused by asymmetrical contraction of the anti
cus muscles. Electromyograms obtained by needle
electrodes demonstrate the symmetrical function of
both anticus muscles. The other intrinsic laryngeal
muscles also reveal normal contraction discharges.

Fig 3. L�ryngogr�ms of typical idiopathic laryngeal deviation. A) During inspiration, right vocal cord protrudes into laryngeal cavi

ty and ng�t ventncle_Iooks wide, suggesti�g right recurrent laryngeal nerve palsy. B) During phonation, bulging of false cord nar

�ow ventncl�, and t�m vocal �ord are ObVIOUS on left. Insufficient filling is notable in left pyriform sinus. C) Particular finding� seen

m B dramatically disappear m laryngogram taken in right anterior oblique position.
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PROBLEMS IN STAGING CANCER ASSOCIATED
WITH LARYNGEAL DEVIATION

Squamous cell carcinoma in the left vocal cord of
three men and left pyriform sinus cancer of one

woman were associated with laryngeal deviation.

Case 1. A 59-year-old man presented to Keio Uni
versity Hospital complaining of hoarseness. Mirror
examination showed displacement of the anterior
commissure to the right of the center line of his
neck. Diffuse but smooth swelling was observed in
the left false cord, which almost concealed the left
vocal cord. The movement of the left glottis ap
peared slightly limited compared with the right. A
small white lesion on the free edge of the anterior
one third of the left vocal cord was detected with a

flexible fiberscope, and biopsy revealed invasive
carcinoma. Laryngograms demonstrated swelling
of the left false cord with depressed ventricle. These
findings were in complete agreement with those of
submucosal deep invasion into the supraglottic and
paraglottic spaces through the ventricle (Fig 5A).
This pathologic sign, however, is a frequent finding
in patients with laryngeal deviation and was not
demonstrated in the film taken in the right anterior

Fig 5. Laryngograms of patient
with left glottic cancer associated
with laryngeal deviation. A) Path
ognomonic signs are observed on

left, but it is unclear whether they
are due to cancer invasion or to

. laryngeal deviation. B) Abnormal
signs disappear in film taken in

right anterior oblique position.
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Fig 4. Marked laryngeal devia
tion. A) Axial plane CT shows ob
vious distortion of thyroid car

tilage, asymmetry of thyroid alae,
and deviation of anterior commis
sure to right. B) During phona
tion, adduction of left vocal cord
looks slightly limited compared
with right. Left pyriform sinus is
much narrower than right.

oblique position (Fig 5B). Close observation of the
neck showed a characteristic transformation of the
thyroid cartilage with a deviated notch on the right.
The patient was finally evaluated as having stage I

glottic cancer associated with laryngeal deviation
and was successfuly treated by radiotherapy.

Case 2. A 60-year-old woman complained of for

eign body sensation in the hypopharynx. Examina
tions showed typical findings of right laryngeal de
viation. Her left pyriform sinus was narrow and
hidden by a pool of saliva. The mobility of the left
arytenoid was remarkably limited. Direct esopha
goscopy revealed a mass deep in the left pyriform
sinus extending slightly to the postcricoid region.
Invasive carcinoma was proved by biopsy. A meta

static node was palpable on the left. A hard swelling
localized just lateral to the cricoid cartilage was also
palpable, and 67Ga-citrate scintigraphy was positive
for this region. Scintigraphy (99mTc·04) demon
strated the defect of the left upper pole of the thy
roid gland. These findings may be indicative of ex

traluminal spread of hypopharyngeal cancer, but
remained unclear in this particular case because
they also correspond well to the findings in larynge-
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al deviation. The patient was finally evaluated as

having stage IV pyriform sinus cancer and total la

ryngopharyngectomy was accomplished. Histo
pathological examination revealed only a slight in
vasion into the posticus muscle but no invasion into
the other intrinsic muscles or paraglottic space.
There was no extraluminal spread of the tumor nor

invasion into the thyroid gland.
As evidenced by these cases, the extent of tumor

in the left laryngeal or hypopharyngeal cavity may
be overestimated in the staging process unless the
association with idiopathic laryngeal deviation is

clearly understood. Tt glottic cancer could be mis

diagnosed as T3 or transglottic, and T'i or T2 pyri
form sinus cancer as T3 or T4.

DISCUSSION

Some causative factors of laryngeal deviation
have been reported. Changes in the static-dynamic
balance inside the thorax by pressure or traction of
the pathologic process may effect dislocation of the
trachea and the larynx.':" Acquired laryngeal devia-

I

tion associated with cervical spine disease in erosive

polyarticular arthritis and the difficulty encoun-

tered in intubation for general anesthesia have been
reported by Keenan et al." Traumatic damage to the
cervical spine or to the larynx itself and the fibrotic
contraction of the extrinsic laryngeal muscles result
ing from various causes may also bring about devia
tion of the larynx. 5

We have seen more than a few cases of laryngeal
deviation that occur for no apparent cause. There
are few remarkable cases, and most slight devia
tions may be overlooked even by a highly trained
laryngologist. Our cases were patients over 50 years
of age, and deviations were to the right, except for
one seen in a left-handed individual. This may indi
cate that laryngeal deviation is created by more ex

tensive use of the right hand or by a habitual pos
ture of resting on the right elbow.

In this paper we described the characteristic find

ings of idiopathic laryngeal deviation . We reported
the possibility of its association with cancer of the

larynx or hypopharynx, and emphasized that the
extent of tumor may be overestimated unless we are

familiar with the characteristic signs of laryngeal
deviation.
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ENDOSCOPIC TREATMENT OF SEVERE LARYNGOMALACIA

J. CARLOS ARAUZ, MD
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A floppy epiglottis or the redundant mucosae of the aryepiglottic folds are the obstructive elements in laryngomalacia. In most cases

no treatment is needed. In cases with respiratory distress and failure to thrive, we have successfully removed the obstruction endoscopically.
KEY WORDS - laryngomalacia, obstructive mucosae.

In most cases congenital stridor is produced either
by a floppy epiglottis or by the redundant mucosae

of the aryepiglottic folds obstructing the airway.
This condition is known as laryngomalacia and has
been supposed to be due to congenital chondroma
lacia. However, this has not been clearly demon
strated. Furthermore this condition should not be
considered a congenital malformation. 1.2 As a rule,
in laryngomalacia the stridor becomes less audible
after 6 months and disappears completely after the
first year.

A few cases have respiratory distress with diffi-

Endoscopic views. A) Preopera
tive, B) immediately postopera
tive.

cult feeding and failure to thrive. In the last 8 years
we treated 10 children with these symptoms. In
stead of tube feeding or tracheotomy, we removed
the redundant mucosae (Figure) either from the

epiglottis or the aryepiglottic folds by direct laryn
goscopy with good results (Table).

Typical clinical features include mild stridor dur

ing the first week of life, which becomes more sig
nificant after the first month. At this time intercos
tal retraction is present, but inspiratory bradypnea
is not. Inspiratory bradypnea is present in other
conditions that cause stridor and severe airway ob-

SUMMARY OF PATIENT DATA

Age
Case (Months2 Sex Symptoms Area of Removal Outcome

1 2 M FIT Arytenoid 2,600 g in 2 m

2 5 F Stridor Arytenoid Asymptomatic
3 4 M Stridor Arytenoid 250 gin 7 d
4 5 M Stridor Arytenoid and epiglottis 2nd removal necessary
5 3 F Stridor Arytenoid Asymptomatic
6 1 M Stridor Arytenoid Asymptomatic
7 18 M Stridor Arytenoid Asymptomatic
8 1 M FIT Aryepiglottic folds 200 g in 10 d; 2nd removal necessary
9 3 F FIT Aryepiglottic folds 700 gin 15 d

10 6 F FIT Aryepiglottic folds 530 gin 30 d
FIT - failure to thrive.

From the Department of Otology, Rhinology, and Laryngology, University of Buenos Aires (Arauz, Magaro, Fonseca) and the Children's Hospital
(Dillon), Buenos Aires.
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struction such as bilateral paralysis of the vocal
cords and subglottic angioma.

Diagnosis is made by direct laryngoscopy or fi

broscopy. The obstruction could also be seen with

fluoroscopy. The resected mucosae, which in cer

tain cases includes cartilage, showed normal tissue
when examined by the pathologist. Laryngomalacia
should be differentiated from the cri du chat syn
drome, which may need the same treatment.
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USE OF THE ECHOCARDIOGRAM IN THE CHILD
WITH UPPER AIRWAY OBSTRUCTION

CAROL ROBERTS GERSON, MD

CHICAGO, ILLINOIS

SAMUEL S. GIDDING, MD

Management of the child with borderline upper airway obstruction is a source of anxiety for pediatricians, laryngologists, and

parents. Objective data is often hard to obtain in children who are partially or intermittently obstructed. We have used the echocar

diogram to evaluate a series of patients. It is a noninvasive, rapid, reliable way to gauge the severity of airway obstruction and the need for

surgical intervention, when it is combined with good clinical judgment. When cor pulmonale is already present, the echocardiogram is a

measure of the success of surgical intervention to improve the airway.
KEY WORDS - echocardiogram, upper airway obstruction.

Any large pediatric population will have children
with all degrees of upper airway obstruction (UAO).
Some will have an obvious need for immediate sur

gical intervention, while others will clearly need no

treatment. The child with borderline UAO can pre
sent the clinician with difficulty. A tracheotomy,
though potentially lifesaving, carries its own risks.
Decisions are most difficult in the neonate and small
infant, where a difference of only a few millimeters
can determine whether the patient requires a tra

cheotomy. In an older child with medical problems
that increase the surgical risk, it may be worthwhile
to delay correction of UAO as long as possible. It is
the purpose of this paper to focus on the echocardio
gram as an adjunct to the standard methods of mon

itoring the child with UAO.

METHODS

Sixteen patients had M-mode echocardiograms
for functional evaluation of their right ventricle. At
initial examination, they ranged from a few days to

7 years of age. The M-mode echocardiograms were

recorded on an Irex System II with strip chart hard

copy recorder. Some of the children also underwent
two-dimensional echocardiographic study utilizing
an ATL Mard 600. All echocardiograms were read

by two independent observers. All results were

within 5 % of each other. Right ventricular systolic
time intervals (RVSTIs) reported are the mean of
three to five measurements on each patient. Beat
to-beat variability in individual patients ranged
from 0.01 to 0.1. Mean variation of RVSTIs was

0.05, standard deviation was 0.03, and range was

0.12. Whenever possible, the study was repeated at

monthly intervals.

RESULTS

Based on the RVSTI results, the patients were

divided into three groups (Table). Patients in group
1 had normal studies or abnormal RVSTIs (greater
than 0.30) in early studies that returned to normal
in subsequent measurements. The RVSTIs of pa
tients in group 2 were greater than 0.30 in all
studies, but no other findings suggested increased
pulmonary artery pressure. Studies of patients in

group 3 indicated increased pulmonary artery pres
sure. These patients had RVSTIs greater than 0.40
or RVSTIs greater than 0.30 and associated with
echo abnormalities suggesting cor pulmonale in

cluding absent "a" dip, midsystolic closure of the

pulmonary valve echo, right ventricular dilatation,
or flattened interventricular septal motion.

Group 1 patients all did well without surgical
therapy; their studies returned to normal. The clini
cal symptoms resolved in these patients also. Group
2 patients have not required surgical therapy, but
the abnormal findings on the echocardiogram have
not resolved. This correlates with slow resolution of
the clinical symptoms in these patients. Two of the
three patients in group 3 presented with clinical evi
dence of right ventricular failure so severe that ur

gent relief of airway obstruction was required. Both

patients had tracheotomies, and the echocardio
gram was used to follow recovery of normal hemo

dynamic function.

CASE REPORTS

Patient 16 was a 7-year-old child with Down's

syndrome who had an atrioventricular canal re

paired several years previously. She had not been
seen for 3 years when she presented with severe

UAO from tonsil and adenoid hypertrophy. Her
RVSTIs were extremely elevated (Table), and the
two-dimensional echocardiogram revealed dilata
tion of the right ventricle so severe that tricuspid in

sufficiency was present. She was too sick to tolerate
From the Divisions of Bronchoesophagology-Otolaryngology (Gerson) and Cardiology (Gidding), The Children's Memorial Hospital, and the Depart
ments of Otolaryngology-Head and Neck Surgery (Gerson) and Pediatrics (Gidding), Northwestern University Medical School, Chicago.
Presented at the meeting of the American Laryngological Association, Miami Beach, Florida, May 25-26, 1985.
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PATIENT DATA

Pt.
No. RVSTI Comments Diagnosis Clinical Course oj Airway Obstruction

Aberrant innominate artery with Improved with growth over 3 mo

tracheal compression
Mild subglottic stenosis, laryngo- Slow improvement over 1 yr
tracheomalacia

Severe laryngomalacia, aberrant Improved over 4 mo

innominate artery with moderate
tracheal compression

Group 1

1 0.25

2 0.22, 0.32, '0.28

3 0.28

Pierre Robin syndrome4 0.30

5 0.35

6 0.35,0.22
7 0.37, 0.33, 0.28

Severe laryngomalacia
Severe laryngomalacia
Severe laryngomalacia

Required nasogastric feeding, but had slow
improvement in airway over 6 mo

Improved over 3 mo

Improved over 4 mo

Significant stridor continued, without failure
to thrive

Group 2

8 0.42, 0.33 (im
proved)

9 0.26, 0.38 (de
teriorated)

10 0.36, 0.36, 0.36

Severe laryngomalacia Improved over 4 mo

Deformed epiglottis No change in airway over 6 mo

III Micrognathia

Subglottic stenosis, laryngomala- No change in airway over 8 mo

cia

0.36

12

Tracheotomy in place for 1 yr; now removed
with airway improvement
Stridor slightly improved over 1 yrUnilateral vocal cord paralysis0.35, 0.35, 0.35,

0.35

0.38 Severe laryngomalacia13

Group 3

14 0.36

Gradual improvement in airway over 1 yr

0.33

Absent pulmonary valve
.

Aberrant innominate artery
"a" wave

Gradual improvement

15 Absent "a" wave and flat
tened septal motion, mid
systolic closure

Right ventricle dilation,
pulmonary insufficiency,
abnormal septal motion

Hurler's syndrome with macro

glossia, tonsil and adenoid hyper
trophy
Down's syndrome with macro

glossia, tonsil and adenoid hyper
trophy

Tracheotomy in place; unchanged echocar
diogram after 3 mo has delayed definitive
treatment of airway problem
Tracheotomy in place; improvement in ec

hocardiogram after 3 mo, when tonsillecto
my and adenoidectomy were performed; tra

cheotomy tube now removed

16 Right bundle
branch block

a tonsillectomy and adenoidectomy, so a tracheoto
my was performed. Her cardiac status, monitored
by echocardiogram, returned to normal several
months later, when tonsillectomy and adenoidecto
my were performed. The tracheotomy tube was re

moved when healing was complete.
Patient 8 was a 2-month-old infant when he pre

sented with severe stridor and retractions. He had no

history of cyanotic spells and was gaining weight.
Laryngoscopy and bronchoscopy under local and
general anesthesia revealed severe laryngomalacia
to be the cause of the stridor. A tracheotomy was

considered because of the severity of his symptoms.
He fell within group 2 in the study. Serial echocar
diograms were done at monthly intervals, and his
indices returned to normal as his symptoms abated.

DISCUSSION

Application of M-mode echocardiography to pa
tients with VAO is attractive in that it may provide
a noninvasive means of right ventricular function
assessment. Many echocardiographic indices of right
ventricular function have been developed to predict

the presence of pulmonary hypertension in chil
dren.1 These include the systolic time interval (ratio
of the ventricular pre-ejection period to the ejection
time},? abnormal "a" dip on the pulmonary valve
echo," and midsystolic closure of the pulmonary
valve. 1 A dilated right ventricular cavity and associ
ated flattening of interventricular septal motion are

present in advanced cor pulmonale.

Several methodologic problems made interpreta
tion of right ventricular function measurements dif
ficult. First, correlation studies in children between
the pulmonary pressure and echocardiographic mea-

.surements have generally been performed in patients
with congenital heart disease, a different patho
physiologic process from VAO.1-4 A small series of
patients with bronchopulmonary dysplasia showed
poor correlation of pulmonary artery pressure with
the RVSTI. 5 Second, studies of RVSTIs and pulmo
nary artery pressures that show a positive correlation
also show a wide standard error in that correlation. 5

Third, echocardiograms in children with VAO may
be technically difficult because of pulmonary ar

tifact. Fourth, animal studies have suggested that
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other factors than pulmonary artery pressure and
resistance affect the RVSTI. 6

Despite these criticisms, echocardiography may
be valuable in the clinical management of VA�. If
more than one echocardiographic abnormality is

present in a specific patient, the likelihood of cor

pulmonale being present is high.' Serial assessments
in a single patient may be useful as predictors of
change in disease severity because the patient can

serve as his or her own control. Most important, the
technique is noninvasive and has no significant
morbidity.

The echocardiogram is especially helpful for two

groups of patients: 1) the neonate with severe laryn
gomalacia, unilateral or bilateral vocal cord pare
sis, mild subglottic stenosis, or any airway problem
that may improve with age and growth, and 2) chil
dren with significant additional medical problems
who have severe obstruction from tonsil and ade
noid hypertrophy.

Not all of the infants in the first group require
tracheotomy in the interim. In the past, we had used
the ability to feed as an important determinant.
When the obstruction was severe enough that the
infant could not coordinate breathing and feeding,
a tracheotomy had always been deemed necessary.
Now, however, if the child's echocardiogram shows
no signs of cor pulmonale, and if there is no signifi
cant retention of carbon dioxide or oxide desatura
tion by transcutaneous monitoring, we will attempt
a trial of nasogastric feeding. If the child thrives on

tube feeding and the echocardiographic findings do
not deteriorate, we continue to delay surgical inter
vention. In the cases in which we have pursued this
course, not all of which are included in this study,
the children have done well without surgery.

The airway is often overlooked because of the
severity of the other abnormalities in the child with
significant additional medical problems who pre
sents with severe obstruction from tonsil and ade
noid hypertrophy. We have seen this in children

with Down's syndrome, congenital cardiac disease,
mucopolysaccharidosis, hemophilia, and thalassemia.
It may be wise to delay definitive surgery, as we did
with patient 16, or even to resort to unusual meth
ods. One patient with hemophilia and inhibitors
that prevented adequate anticoagulation actually
underwent radiation therapy to the tonsils and ade
noids because of increasing cor pulmonale. Weare

awaiting improvement in his cardiac status now

that his obstruction has lessened.

When a child's echocardiogram is already abnor
mal, it can be used to folfow the resolution of cor

pulmonale. Whether the treatment was medical or

surgical, the efficacy can be documented by follow
ing serial echocardiograms. The cardiac decompen
sation secondary to VAO has been reversible in all
of our cases once the airway is improved.

CONCLUSIONS

1. Increased RVSTIs are present in some patients
with VAO and may provide an index of disease
severity that can be followed serially.

2. In severe VA�, other echocardiographic abnor
malities suggestive of cor pulmonale are usually
present in addition to the poor RVSTI results.

3. Clinical correlation of echocardiographic abnor
malities with measurements of pulmonary artery
pressure, arterial or at least transcutaneous
blood gases, and severity of paradoxical pulse
should be performed to further define the clini
cal utility of these measurements in VA�. Corre
lation with the general condition of the patient is
essential. How much energy must the patient ex

ert to overcome the obstruction? Is the child
growing as expected?

As with all laboratory tests, the echocardiogram
is useful only in the hands of a skilled clinician who
knows the patient well. It does not replace the phys
ical examination or the educated clinical impres
sion. It is an additional tool in the evaluation of the
patient whose best course of treatment is not imme

diatelyobvious.
ACKNOWLEDGMENTS - We thank Sue Pajcic and Kaliope Berdusis for their technical assistance.
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VOCAL CORD GRANULOMAS (p 42)
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STRANGULATION: A FULL SPECTRUM OF BLUNT NECK TRAUMA (p 46)
W. S. LINE, JR, MD; R. B. STANLEY, JR, MD, DDS; J. H. CHOI, MD

ANTERIOR COMMISSURE LARYNGOPLASTY FOR ADJUSTMENT OF VOCAL
FOLD TENSION (p 51)

H. M. TUCKER, MD

PAUL H. WARD, MD (Los Angeles): Thank you for the oppor
tunity of discussing these three interesting papers, and my thanks
t� the authors for providing their manuscripts in advance.

Dr Benjamin has called our attention to the difficult therapeu
tic problem of granulomas of the vocal cord. He has indicated
that contrary to current popular conception, he feels that contact

ulcers and contact granulomas should not be considered common

entities. Simultaneously, he lumps contact granulomas together
with traumatic postintubation granulomas, a distinctly separate
physiopathological entity.

Dr Benjamin has again entertained us with his beautiful pho
tography documenting these lesions. It is certainly easy to concur

with the validity of this modality of documentation of the lesions
and the effectiveness or lack of effectiveness of therapy, for it
minimizes the weakness of relying upon inadequate historical
notes and memory that progressively accompanies our loss of
memory or graying of hair. The relative ineffectiveness of surgical
treatment alone, whether it be by forceps or laser removal, is

clearly demonstrated. His 16 patients underwent 50 operations.
I, like a number of recent authors, have to disagree with Dr

Benjamin's concept or thesis that contact ulcers and granulomas
are not part of a continuous process. I have seen and documented
with film several times the process of ulceration secondary to the
trauma of throat-clearing followed by the body's effort to repair
injury in a bacterially contaminated area with the production of

pyogenic granuloma. This convinces me that it is immaterial
whether the chicken or the egg comes first, that is, whether the ir
ritation of the pharynx and larynx by acid reflux (leaving us with
the desire to clear the throat) precedes or follows the vocal cord
ulceration and the body's attempts to heal. Surgery can confirm
the process histopathologically, but the pathogenic cycle has to be
broken by medical treatment consisting of dietary changes de
signed to decrease gastric acidity and diminish gastric contents at

bedtime, elevation of the head of the bed, the use of antacids and,
at times, the addition of Cimetidine and other H2 blockers.

I have several questions for Dr Benjamin. What has been his ex

perience with medical therapy? Does he really believe postintuba
tion granulomas are the same as contact granulomas? Are they
not much more responsive to a Single surgical removal, accom

panied by antibiotic and steroid therapy?

Dr Stanley and his colleagues bring to us the head and neck
pathology of strangulation. All of us, our spouses, girlfriends, and
residents have frequently impulsively contemplated but sup
pressed this violent act. I have no experience with even a Single
case of strangulation or hanging, and since we both live in Los
Angeles, I suggest these cases continue to be referred to the Cor
oner or to Dr Stanley. He has informed us of the pathological
findings in these cases and should we be subpoenaed to testify in
court about our patients for such a problem, this is an excellent
review article.

Dr Tucker's paper is most intriguing. After hearing Dr Le

jeune's paper in 1983, he went home and aggressively explored
the concept of tightening the vocal cords. I also heard this original
paper, and have on several occasions wanted to try this on several
patients who wanted help but declined surgery. Dr Tucker has
proven that success can be obtained in adjusting vocal pitch and
strengthening the voice by utilizing Dr Lejeune's operation which
has been without complications to date. Dr Tucker has modified
the procedure by placing the base of the flap superiorly, which he
feels results in greater anterior displacement. This procedure is in
novative and indeed needs further exploration and evaluation by
others. There is certainly a significant population of patients with
flaccid cords who may be helped by this new procedure. I would
like to ask Dr Tucker the ages of his patients and what he thinks
was their underlying pathological problem. Also, would Dr Tuck
er perform this operation on the 55- to 60-year-old professional
singer who is struggling with a "worn out voice"?

These papers were most interesting to read, well presented, and

I.congratulate the authors.
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LARYNGEAL NONCHROMAFFIN PARAGANGLIOMA (p 149)
J. A. SCHILD, MD; M. H. COHEN, MD

NEUROENDOCRINE MARKERS IN PARAGANGLIOMAS
OF THE HEAD AND NECK (p 59)

W. H. WARREN, MD; D. D. CALDARELLI, MD; H. JAVID, MD; I. LEE, MD; V. E. COULD, MD

ROGER BOLES, MD (San Francisco): By this interesting case

presentation and review of laryngeal paragangliomas, Drs Schild
and Cohen have reminded us of the capricious nature of these tu

mors, particularly the disparity between their histological picture
and their clinical behavior. By the usual metastatic criteria of

malignancy, approximately 4 % to 5 % of all branchiomeric para
gangliomas will behave in a malignant fashion. It is clear from
this paper that one cannot prognosticate reliably regarding these
tumors, particularly those which are to behave in a malignant
fashion, since later recurrences after 5 and 6 years are not infre
quent and long survivals in the presence of known tumor are also
not uncommon, all of which has led some to use less mutilating
and less disabling palliative therapy for some of the less favorably
located paragangliomas, rather than insisting upon absolute cure

at any cost.

There is one point about diagnosis I would like to mention re

garding these tumors which the authors.did not mention or seem

to include in the management of their case ..Bilateral carotid
arteriography, or at least bilateral digital contrast computed
tomography, is almost always used in diagnosis of most of the
more common varieties of paragangliomas. I would have thought
two important diagnostic objectives would have been achieved by
these techniques: 1) the identification of multicentric tumors
which can run as high as 10 % to 20 %, especially where these
tumors are carried as a familial trait; and 2) the possible better
determination of the exact size and extent of the intralaryngeal
tumor for more accurate treatment planning, especially using the

digital contrast CT technique. This might have eliminated the
aborted attempt at partial laryngectomy on the second operation.

Two points I might make regarding therapy, one regarding the
treatment of paragangliomas in general and the other specifically
directed to the laryngeal paraganglioma described by the authors.

As an adjunct to surgical removal of the more common varieties of

paragangliomas, we have been embolizing most of them preoper
atively, which has been very helpful in reducing the blood loss
during subsequent surgical excision. We have found our neuro

radiologists relatively unwilling to attempt embolization via the

superior thyroid artery, as would have been necessary in the auth
or's case because of the high risk of contamination of the internal
carotid system with emboli and associated CNS injury.

The second therapeutic idea which comes to mind for laryngeal
paragangliomas is laser therapy which would seem ideally suited
for some of the smaller tumors of the larynx, especially because of
the hemostatic qualities of this technique.

I would like to congratulate Dr Warren and his colleagues on a

most interesting basic research paper and for bringing this study
to the ALA program. This is exactly what the Research Commit
tee has been recommending for inclusion in the program. It is

good to hear about such basic research that has so much impor
tant clinical potential.

We have known for some time that paragangliomas have vary
ing degrees of histochemical activity, particularly in relation to

the catecholamines. The even broader array of neuroendocrine
and cytochemical immunoreactivity of these tumors brought out

in this paper has exciting potential for clearer recognition of these
tumors in situations where they seem histologically indistinguish
able from other tumors with similar morphological characteris
tics. An even more exciting possibility raised in this paper is the

potential for identifying a circulating marker by which these
tumors, particularly those with occult multiple foci or metastases,
might be discovered, measured, and monitored.

My congratulations again to the authors on a creative piece of
work. I hope they will continue to work on this problem and that
they have encouraged others to do the same.

CARBON DIOXIDE LASER MANAGEMENT OF LARYNGEAL STENOSIS (p 69)
J. A� DUNCAVAGE, MD; R. H. OSSOFF, DMD, MD; R. J. TOOHILL, MD

ENDOSCOPIC MANAGEMENT OF SELECTED EARLY
VOCAL CORD CARCINOMA (p 64)

R. H. OSSOFF, DMD, MD; C. A. SISSON, MD; S. M. SHAPSHAY, MD

DIAGNOSIS AND TREATMENT OF VERRUCOUS SQUAMOUS CELL CARCINOMA
OF THE LARYNX: A CRITICAL REVIEW (p 79)

A. FERLITO, MD

M. STUART STRONG, MD (Boston): Thank you, Mr Chairman,
for the opportunity to discuss these three papers. First of all I
would like to thank the authors for having sent their manuscripts
to me prior to the meeting; I enjoyed the opportunity to read
them leisurely.

The paper on carbon dioxide laser management of laryngeal
stenosis was an excellent review of the problem and of the role of
the C02 laser. The real problem is, of course, in the subglottis.
After reviewing their paper in light of the experience of our

group, I believe we can make the following observations.
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No one treatment is adequate to take care of all types of sub

glottic stenosis. A stent is needed in all cases, except when the
stenosis has a vertical dimension of less than 1 cm. If a tracheos

tomy is present, a stent is always needed. Interarytenoid scarring
and arytenoid fixation cannot be consistently corrected endoscop
ically, and therefore, demand.an open operation. Excision of the

stenosing tissue results in a temporary improvement of the airway
if a disease process is present and active, eg, Wegener's granulo
matosis. The overall success rate without an open operation is ap
proximately 60 %. In the event of failure (ie, when the patient
cannot be decannulated), the subsequent open operation is likely
to be less difficult and more predictable if a small lumen has been
created where none existed before the operation. The use of high
power dissection appears to increase the success rate; the use of
the super-pulsed laser may prove to be more effective than con

ventional instruments.

The paper on the endoscopic management of selected early
glottic cancers illustrates the judicious use of treatment options in
this disease. I concur with everything the authors have presented
and believe that the Pavlovian response to treat all Tr glottic
cancers with radiotherapy is no longer acceptable.

I was most interested in their findings of no tumor being pre
sent in three of 25 excised biopsy specimens, an incidence of 12 % .

That is higher than our finding of 7 % tumor-free specimens. The
outcome of irradiation of these patients would have been very
favorable. However, if excisional biopsy is to be a reliable option,
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the following restrictions must be applied: it must be restricted to

lesions less than 5 mm in their greatest dimension, and the speci
men must be carefully excised without unnecessary coagulation
and mounted on a base (eg, dehydrated cucumber), sectioned at

multiple sites, and examined with the pathologist. The postop
erative voice is likely to be good to excellent and will be in inverse
relation to the amount of vocalis muscle that is included in the

specimen.
And remember, this approach is not in competition with radio

therapy but rather complementary to it; radiotherapy is merely
being used where it is most needed - in the larger T! lesions,
where the outcome is known to be so favorable.

The discussion of verrucous carcinoma of the larynx by Dr Fer
lito was an excellent review of an important topic. The following
points need to be made.

Verrucous carcinoma is an uncommon tumor, amounting to

2 % to 4 % of all laryngeal cancers. Diagnosis is a combined clini
cal and histological decision; both features must be considered. A

large biopsy (preferably the entire lesion) is needed to allow the

diagnosis to be made. Verrucous carcinoma is a "pushing" tumor

and lends itself to local excision.

The incidence of anaplasia appears to be very low in the larynx;
our group has not encountered it in 15 lesions of the larynx but has
found it in three out of four lesions in the oral cavity in patients
who have not received radiotherapy.

IDIOPATHIC LARYNGEAL DEVIATION: CHARACTERISTIC FINDINGS
AND PROBLEMS IN STAGING ASSOCIATED CANCER (p 153)

Y. MURAKAMI, MD; A. FUJIMURA, MD; S. SAITO, MD; J. ONO, MD

JOHN A. KIRCHNER, MD (New Haven, Conn): Permanent devi
ation of the larynx from its midline position suggests paresis of the
musculature supporting the thyroid cartilage, most likely the in
ferior pharyngeal constrictor muscle on the left side. A neuromus

cular deficit appears to be the most plausible explanation for this

puzzling condition for the following reasons. 1) All patients were

over 50 years old, a period of life when tiny areas of infarction

may occur in the supranuclear tracts, producing symptoms local
ized to the pharynx or larynx without other pyramidal tract signs.
2) There were frequent complaints of hoarseness and localized

fatigue during phonation. 3) Rotation of the larynx to the right
during swallowing suggests weakness of the left inferior pharyn
geal constrictor muscle (56 of 57 patients). 4) Fullness of the left
false cord suggests a flaccid, atonic condition of the supraglottic
musculature, as is sometimes seen in patients who suddenly be
come unable to swallow, and in whom the atonic muscle mass

can be seen as a bulge on x-ray study and even on endoscopic ex

amination. 5) Anterior protrusion of the left cricothyroid joint
could be due to rotation of the larynx, but could, in addition, be
the result of atrophy of the inferior pharyngeal constrictor mus

cle, making the joint easier to palpate.
Dr Murakami has performed electromyography on several of

the external laryngeal muscles in this study and all appeared nor

mal. This may still not exonerate the inferior pharyngeal constric
tor muscle as the culprit, given the difficulty of targeting the in
ferior pharyngeal constrictor under the sternothyroid muscle,
particularly if it is atrophic.

Weakness of one cricothyroid muscle would not cause perma
nent deviation of the larynx as described in Dr Murakami's re

port, since it usually causes rotation of the cricoid ring rather than
the thyroid cartilage.

MANAGEMENT OF CHRONIC ASPIRATION BY SUBTOTAL, SUBMUCOSAL
CRICOID RESECTION (p 84)

Y. P. KRESPI, MD; H. J. PELZER, DDS, MD; C. A. SISSON, MD

VIDEOPHOTOLARYNGOGRAPHY USING A NEW LOW COST VIDEO PRINTER.
INSTANT ELECTRONIC FILMLESS PHOTOGRAPHY (p 88)

E. YANAGISAWA, MD, FACS; R. D. CARLSON, MD

CHARLES M. NORRIS, MD (Philadelphia): The paper by Dr

Krespi and his colleagues deals with surgical management of a

condition which is at best disabling and at worst life-threatening.
Although the preliminary animal work in developing this tech

nique was limited, the results as reported in the eight patients in-

eluded in the series certainly seem good, with elimination of as

piration in all cases and restoration of oral alimentation at least to

some degree in five of the eight patients. The advantage of pre
serving some useful voice is obvious as contrasted to previous
forms of surgery reviewed by Dr Krespi in his manuscript, par-



ticularly with respect to surgical closure of the glottis and the ex

treme of laryngectomy.
All of the cases reported by Baron and Dedo, who performeda

subglottic closure after tracheal separation and creation of a

stoma, and those cases previously reported by Dr Krespi after use

of the technique of tracheoesophageal diversion, were victims of
chronic aspiration due to neurologic conditions such as brain stem

infarction and amyotrophic lateral sclerosis. By contrast, it ap
pears that in the cases reported in Dr Krespi's paper today the

problem of aspiration arose as a sequel to extensive surgical pro
cedures in adjacent areas. In the previous groups, where surgical
reversal and reestablishment of laryngotracheal continuity was

theoretically possible, this was not accomplished because of per
sisting or progressive neurologic problems. With Dr Krespi's pres
ent technique, the status of the airway or potential airway ap
parently can be quite easily evaluated and there is no need for a

second surgical procedure. It is gratifying that three of the eight
patients have an airway that is good enough to allow corking of
the tube.

By implication, I would suppose that the success of this tech

nique depends partly on the presence of adequate neuromuscular
function with respect to the swallowing act and that it would
therefore not be applicable to most cases of aspiration of neuro

genic origin.
No one would question the value of documentation of the

laryngeal image both as a method of recording pathology and
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particularly as a means of recognizing changes on serial examina
tion in the office. Dr Yanagisawa has mentioned the keratoses and
localized benign cordallesions as well as preoperative and post
operative recordings with such procedures as partial laryngec
tomy. To this might be added serial recording of postirradiation
changes, where great judgment is required in determining the in
dications for further biopsy in the presence of edema.

The present paper is a valuable and practical addition to previ
ous methods in that it allows satisfactory recording of the indirect

laryngoscopic image in the office with no requirement for greater
than ordinary technical skill.

The telescopic image does seem to be much superior to the fi

berscopic image with respect to both sharpness and size of image,
although the overhanging epiglottis can, of course, be a problem
as it is with mirror laryngoscopy. Topical anesthesia and use of an

epiglottis retractor will in most cases eliminate this problem. We

particularly like the Wolf telescope, which provides two ranges of

magnification.

It is especially gratifying to know that a color printer of the
video image may soon be available, and this will be extremely
useful. Kleinsasser and others have noted the importance of
localized areas of inflammatory thickening and alterations in the

pattern of small vessels on the cordal surface as related to early
carcinoma. Such changes would require color for the most

satisfactory recording.

EFFECT OF {3 BLOCKADE ON SINGING PERFORMANCE (p 74)
G. A. GATES, MD; J. SAEGERT , PHD; N. WILSON, PHD; L. JOHNSON, MA;

A. SHEPHERD, MD, PHD; E. M. HEARNE III, PHD

MAGNETIC RESONANCE IMAGING FINDINGS AND CORRELATIONS
IN SPASMODIC DYSPHONIA PATIENTS (p 99)

S. SCHAEFER, MD; F. FREEMAN, PHD; T. FINITZO, PHD; L. CLOSE, MD; M. CANNITO, MS; E. Ross, MD;
J. REISCH, PHD; K. MARAVILLA, MD

ELECTROMYOGRAPHIC FINDINGS IN FOCAL LARYNGEAL DYSTONIA

(SPASTIC DYSPHONIA) (p 95)
A. BLITZER, DDS, MD; R. E. LOVELACE, MD; M. F. BRIN, MD; S. FAHN, MD; M. E. FINK, MD

RICHARD R. GACEK, MD (Syracuse, NY): It is a distinct chal

lenge to discuss these three presentations dealing with vocal func
tion because our knowledge of the neurophysiology and the path
ophysiology of vocal dysfunction is inadequate at present. How

ever, clinical studies such as these represent positive additions to

our body of knowledge.

The report by Gates et al on the effect of {3 blockers on voice

performance in vocalists is a well-conducted clinical study and
has support for expecting an improvement in performance. This
justification is based on the demonstrated improved performance
in instrumentalists and also on the morphology of the recurrent

laryngeal nerve (RLN) in the human as well as other mammalian
species. The RLN contains a large number of unmyelinated fi
bers, as many as two times the number of myelinated axons in the
RLN. Certainly a significant portion of this unmyelinated fiber
component will be adrenergic and therefore mediate cate
cholamine secretion in the larynx. It is not known how this effect
is produced; it may be directly on the musculature, or it may be
on the vasculature, or it may be on the musculature as an indirect
effect through the action on blood vessels. With these reasons for
the expectation of improved performance, why was no significant

effect on voice observed in the vocalists studied with {3 blockers?
There are a number of possible explanations, but I tend to believe
that the nature of the subject population plays a major role in the
absence of this effect. These subjects were self-selected volunteers
who have natural vocal talents and, therefore, not only had a

significant degree of natural ability but were confident in their
abilities. In addition to the overall characteristics of the subject
population, it is difficult to compare groups which were not ex

actly the same with regard to age, sex, and even level of vocal per
formance. Certain phenomena with regard to judging perfor
mance also contribute to difficulties in assessing the results of such

study. For example, the control group, or the group in which no

drug was used, demonstrated the highest performance initially
and then went down in the second performance. This suggests a

"ceiling" effect wherein the subjects find it difficult to improve on

an already good performance and then judge themselves "down."

A second question, a philosophical question, can also be raised
with regard to this concept. Suppose a significant improvement in
voice could have been shown in this group of performers. Would
it be wise to offer such a drug effect to performers knowing that
there is a human tendency to overuse such assistance? I would
tend to agree with the voice teachers and therapists who are not in
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favor of using drug-assisted methods to improve voice but rely on

the natural maturation process.

The two reports dealing with spastic dysphonia contribute
some objective observations on this disorder that provide informa
tion on its pathophysiology. W_e must first emphasize that when
clinical study of this disorder is discussed, definite criteria must be
used to establish the diagnosis of spastic (spasmodic) dysphonia.
These include the harsh, tremorous voice, the hyperadduction of
the glottis and the supraglottis, as well as the spastic voice quality.
Assuming that these features were present in these two studies we

might review the contributions that were made in the respective
reports.

The report by Schaefer et al is the first demonstration of lesions
where we would expect to find them in the upper motor neurons.

Lesions at this site are generally assumed to be responsible for

spasmodic dysphonia. These lesions were located in the pyramidal
and extrapyramidal portions of the CNS and the basal ganglia.
This finding is consistent with clinical reports such as that by
Robe et al in 1960, in which a high percentage of neurologic reflex
deficits were noted in all ten patients with spastic dysphonia.
Many of these, as much as 80%, were located in the extrapyra
midal and pyramidal systems. This finding is consistent with the
most widely accepted theory of the mechanism of this disorder,
and was found in a third of the patients in this series.

I would like to paraphrase a working concept that these authors
are espousing because I think it is a very good working concept,
and one which includes all of the theories and observations that

spastic dysphonia is induced by an upper motor neuron lesion

causing spasticity in the effector organ, in this case the larynx. Pa
tients with spastic dysphonia may have 1) lesions that are large
enough to be detected by the newer radiologic techniques such as

magnetic resonance imaging (MRI), as this is represented in the

group studied in the present report; 2) microscopic lesions in the

extrapyramidal and pyramidal systems that escape MRI detec

tion, but nevertheless are real and may consist of glial accumula
tions as a result of viral (or other) injury in these various upper
motor neuron systems; 3) lesions in the CNS that consist of a

reversible alteration in the physiology of upper motor neuron

pathways leading to spasticity. This group of patients could
benefit from treatment such as voice therapy and/or psychothera
py. This concept encompasses all types of lesions that would ex

plain most of the findings in these patients and leads to a spastic
upper motor neuron picture with the final common manifestation

being spasticity in the intrinsic laryngeal muscles.

The final report by Blitzer et al was the most difficult for me to

reconcile with our knowledge of the clinical appearance of spastic
dysphonia. This group has used the electromyographic recordings
and motor unit potentials in spastic dysphonia patients, where no

spontaneous activity was seen at rest, to state that spastic
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dysphonia is not a spastic disorder but is a form of dystonia or a

muscle disorder due to disordered central processing. This conclu
sion is based on the inconsistency of these findings that have been
described extensively in spastic somatic muscles in the literature.
However, it is not valid to reach this conclusion since laryngeal
muscles are very different from somatic muscles in three respects.
First, the histochemistry of laryngeal muscles is vastly different in

that not only is the distribution of the muscle fiber types different
from somatic muscles, but there are some additional fiber types
present in laryngeal muscles. The mitochondrial content of laryn
geal muscles is as much as six times the level in somatic muscles.
The mitochondrial content, which is a good indicator of the
metabolic capacity of muscle, is higher than has ever been shown
in any other muscle system. Second, there is an absence of pro
prioceptive sensors such as muscle spindles that could mediate
stretch reflexes in laryngeal muscles. This well-known difference
of laryngeal muscles suggests that stretch reflexes are either very
unimportant or nonexistent in laryngeal muscles. Third, the reac

tion of laryngeal muscles to denervation is vastly different from
that of somatic musculature, ie, the laryngeal muscles do not un

dergo a progressive atrophy following denervation but reorganize
after a short period of temporary degeneration and atrophy.

Therefore, it seems premature to reach conclusions as to the
nature of the disorder in spastic dysphonia unless more informa
tion can be obtained on the activity of the motor units supplying
laryngeal muscles. This is not to say that the information pre
sented by Blitzer et al is not valuable. I would encourage them to

continue such an approach to the study of spastic dysphonia and
even extend the recordings to other adductor muscles in the lar

ynx. The apparent inconsistency of their findings with the muscle

spasticity of this voice disorder is just inexplicable at present. The
nature of spasmodic dysphonia as a spastic disorder of an upper
motor neuron lesion still holds.

I should like to close by suggesting additional investigative ap
proaches to gain information on the pathophysiology of this disor
der. One is that the brains of patients who have had this disorder
should be obtained at postmortem examinations and studied. In
this way, macroscopic lesions such as those demonstrated today
with MRI as well as the microscopic lesions which escape MRI de
tection can be documented. Second, histochemistry of laryngeal
muscles can be obtained in postmortem material from patients
with spasmodic dysphonia and be informative as to the activity
patterns of the motor neurons supplying laryngeal muscles. It is
well known that the histochemical characteristics of laryngeal
muscles are determined by the activity patterns of the motor units

supplying these laryngeal muscles. This study would afford us a

window into the altered neurophysiology in this voice disorder.
The enzymes (ATPase) used in differentiating the various muscle
fiber types are stable for up to 24 hours postmortem and therefore
are amenable to procurement.

LARYNGEAL DYSGENESIS (p 106)
J. R. BELMONT, MD; K. M. GRUNDFAST, MD; D. HEFFNER, MD; V. J. HYAMS, MD

CONGENITAL GLOTTIC WEBS IN CHILDREN.
A RETROSPECTIVE REVIEW OF 51 PATIENTS (p 18)

S. R. COHEN; MD

JOHN A. TUCKER, MD (Philadelphia): I would like to compli
ment Dr Belmont and his coauthors on the fine description and

presentation of their case of laryngeal dysgenesis, a previously
undescribed anomaly of the larynx. I only regret that I was un

able to review the original histologic material, which I am sure is
of great interest, and which I would like to have reviewed in
horizontal sections. I also compliment Dr Seymour Cohen for his

usual, outstanding review of his statistically significant series of

patients with congenital glottic webs of the larynx.

I will not comment on the clinical aspects of these papers but
restrict my observations to the developmental areas within the

larynx, as there is somewhat of an overlap in the teratologic in
ference presented in the development of the laryngeal muscula
ture, ventricle, and ventral glottis. I therefore intend to have the
discussion include both papers.

A brief review of development of the laryngeal cavity and clari
fication of nomenclature is necessary.



The laryngeal cavity in the adult includes the supraglottic and
infraglottic cavities. The vestibule and ventricle are included in

. the former. The supraglottic cavity is formed by the union of two

embryonic lumina, the sagittal cleft and the so-called transverse

or coronal cleft. The sagittal cleft first appears at stage 13. At

stage 14, the walls of the sagittal cleft are closed completely
together so that no opening is apparent, save at the lower end
where a patent tract leads into the trachea. In stage 16, the cor

onal cleft begins to form and it is completed in stage 18. The ven

tricles begin to develop as solid outgrowths in stage 21 and are still
small in embryos of stage 23.

Frazer believed that the sagittal cleft corresponds to the adult

infraglottic cavity and the transverse of coronal cleft to the
supraglottic cavity. He therefore termed the coronal cleft the
vestibule. Although this term has been widely used in studies on

the developing laryngeal cavities, it should not be used as a

synonym for the coronal cleft. As has been shown here, both the
coronal and sagittal clefts participate in the formation of the adult
vestibule. Also, the term pharyngotracheal duct should be re

placed with the term pharyngoinfraglottic duct, because the first
part of the cavity to communicate with the pharynx is the infra

glottic cavity. Correspondingly, the term vestibulotracheal duct
should be replaced with the term vestibuloinfraglottic duct.

The epithelial lamina is a transitory cellular formation begin
ning at stage 14/15 at the level of most of the future adult ves

tibule. The development of the laryngeal cavity is influenced con

siderably by the epithelial lamina. Formation of the epithelial
lamina in the rat was discussed in 1950 by Walander, who be
lieved that the primordium of the laryngeal epithelium is to be

sought therein. However, the epithelial lamina is concerned with

only that part of the epithelial lining of the larynx that covers the
medial aspect of the arytenoid swellings.

The function of the transitory formation remains obscure, and
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its interpretation will depend on whether it separates the alimen

tary and respiratory canals completely or incompletely. This can

be decided only with excellent material and with the aid of

precise spatial reconstructions. From this present work, it appears
that the lamina closes off the respiratory canal completely from
the pharynx from stages 18/19 to the beginning of stage 23.

Accounts of the disruption of the epithelial lamina vary accord

ing to whether the epithelial lamina is thought to develop as the

apposition or sealing of two otherwise independent epithelial
layers, or is considered to be the fusion of two interdigitating
epithelial formations. Walander described the process as autolytic
disintegration in the rat, whereas Petrova (1963) believed that the

sagittal cleft, which was filled by the proliferation of epithelial
cells, is then restored by recanalization of the epithelial plug.

On the basis of our investigations of stage 23, the disruption of
the epithelial lamina seems to be an active process. Necrotic cells
were not observed. Growth of the cells (proliferation) along the
future cleft and realignment are the main events. The last part of
the epithelial lamina's dissolution or disruption is situated ventral

ly. Further, at stage 23, the vocal ligament begins to differentiate.

Partial disruption of, or lack of an opening in, the epithelial
lamina would lead to webs or atresia. As noted by Smith and Bain
in 1965, a plausible explanation is that the various types of atresia

(webs) are the result of an arrest of development at different

stages. The critical range would be from 6 to 10 postovulatory
weeks.

Again, I compliment the authors on their excellent presenta
tions, and I thank the association for allowing me to discuss these
most interesting papers.

A brief movie of the overview of the cavity at stage 23 was

presented.

MANAGEMENT OF THE CLEFT LARYNX
AND TRACHEOESOPHAGEAL CLEFTS (p 131)

J. N. G. EVANS, FRCS

CRICOID RESECTION AND THYROTRACHEAL ANASTOMOSIS
IN THE GROWING PRIMATE (p 135)

B. FEARON, MD; B. D. McMILLIN, MD

ROBIN COTTON, MD (Cincinnati): It is a privilege to discuss the
papers by Mr Evans and Dr Fearon. Mr Evans's experience of 21
cases of cleft larynx surely exceeds that of almost anyone else in
this room and suggests that perhaps the lesion is more common in

England than it is in the United States. Very little needs to be said
about the correction. I would like to emphasize the diagnosis of
the problem. A point he made is that if you put an endotracheal
tube in the larynx the findings become less subtle and more ob
vious. If you think of the entity in the first place, I urge you to

pass a small endotracheal tube as Mr Evans showed in his slide
and to examine anterior and posterior to the tube, and the find

ings will become more obvious. It is true that most type 1 clefts do
not require surgery. In fact, most of those do rather well. I no

ticed that only three of his eight type 2 clefts were extubated, and
I wonder whether he could be repairing the cleft too high. I think
if one repairs up to the level of the vocal cords and no higher (in
other words one is making it into a type 1 cleft), one might find
that redundant mucosa is not such a problem and may not create

the decannulation problem. Type 3 clefts require heroic surgery.
As these children die primarily of aspiration problems, we divide
the antrum of the stomach and create a lower esophagostomy for
drainage. Thus there is no possibility of death from aspiration,
and once the cleft is repaired the esophagus is reconnected to the
stomach.

The following comments accompanied slides. Here is a cleft in

the posterior area, and I think it is important to mention that Dr
Tucker has described the entity of the submucous cleft, which is
an extension of the type 1 cleft or a lesser variant. This is a

famous slide that I published about 4 years ago and probably
represents a previously unreported type 1 cleft of the larynx. The

edge of the cricoid cartilage is seen, and the mucosa is coming
through in this horizontal section of the cricoid cartilage. This
represents a cricoid split, and 1 deferred to Dr Tucker's judgment
in pointing out- that this, in fact, is a type 1 cleft. A submucous
cleft, however, is more subtle. In a submucous cleft, the cricoid
lamina is absent posteriorly, but the mucosal folds are present, so

you do see a fullness. Trying to diagnose it with an endotracheal
tube in place is not possible. This is the larynx of an ll-month-old
boy who has a true submucous cleft of the larynx. The anterior

posterior diameter of the larynx is somewhat foreshortened, and
there is a bulging of the mucosa posteriorly. The diagnosis was

proven at laryngotomy. The posterior plate simply was not there.
There is an anterior mucosa and a, posterior mucosa without any
intervening cartilage. So, submucous posterior cricoid cleft, as Dr
Gabriel Tucker has pointed out, now enters into the differential
diagnosis of subglottic stenosis.

As far as Dr Fearon's paper is concerned, it bears on some work
done by a member of the audience, Dr Nuwayhid, who was my
fellow in 1975. He worked on puppies and did a thyrotracheal an-
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astomosis, having resected a partial section of the cricoid, and
demonstrated growth of the anastomotic site. These studies were

unpublished. Credit goes to Dr Fearon who seems to have been
able to do this in growing primates. I have some difficulty in

knowing what sort of case we would do this on, and I had an oc

casion a year or so �go to review the external endotracheal recon

struction I had done on the first 100 patients during a period of 8
or 9 years. Out of the first 100, I did a resection with an end-to
end anastomosis on only three patients. Two of these were under
the age of 10; one was, I think, 6 years old and the other was a

child about age 14; they did uniformly well. Since then, I have
done two more, for a total of five, but the problem is that most of
the stenoses that I see' are not appropriate for resection. For in

stance, take this ll-month-old child who has an isolated subglot
tic stenosis. This stenosis really runs into the glottis, and there is
no clear plane above the stenosis to create an appropriate lumen
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in order to do a thyrotracheal anastomosis. This is a 9-year-old
child with the same sort of problem, an isolated subglottic steno

sis, and again there just is insufficient room between the glottis
and the scar tissue in order to go this particular route. This is a 4-

year-old boy with a complete stenosis of the subglottis really in

volving the glottis or at least the undersurface of the glottis. These
are the cases that I tend to see. This is a boy of 7 who had had sev

eral procedures before, There is complete glottic and a severe sub
glottic stenosis, not suitable for a resection and an anastomosis,
and I can show more larynges with the same sorts of problems.
This is an 8-year-old girl who has had a previous operation and
has dense scar in the glottic region. Although the resection and
end-to-end anastomosis works very well, I am not sure that there
are many pediatric patients in whom that particular modality
would be applicable. Thank you for the opportunity to discuss
these papers.
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ARTHUR JOSEPH CRACOVANER
1901-1985

On March 13, 1985, Arthur J. Cracovaner died.
Artie, as his friends knew him, leaves a legacy of

otolaryngological history. He was New York born,
bred, and trained, and spent his long professional
life there. A graduate of Columbia University Col

lege of Physicians and Surgeons in 1925, he served a

surgical internship at Lenox Hill Hospital from
1926 to 1928. Arthur was a prime example of the
value of a constant thirst for knowledge. He fol
lowed his internship with a postgraduate course in

otolaryngology in Vienna in 1928. He then served a

preceptorship under the aegis of John Kiernan,
MD, one of the early giants in otolaryngology. For

many years, he carried endoscopic equipment
around New York City and the suburban area for
Dr Kiernan, acquiring the knowledge and expertise
which he then transmitted to so many young physi
cians.

His prime interest was laryngology, but he was

the complete otolaryngologist. He represented the
ultimate role model, never ceasing his education.
Artie never served a formal residency. He did,
however, learn rhinoplasty while in his 40s, as well
as modern temporal bone surgery while in his 60s.
He held many academic and teaching positions:

Clinical Professor of Otorhinolaryngology, New

York University; Director of Otolaryngology, Lenox

Hill Hospital; Surgeon Director and Director of

Bronchoesophagology and Laryngeal Surgery, New

York Eye and Ear Infirmary; as well as being a con-

sultant to many institutions. He was a lieutenant
colonel and chief of otolaryngology at a US Army
Air Force regional hospital from 1942 to 1945. He
was the author of many medical articles and

monographs, the great majority being related to

laryngology and head and neck surgery.

Artie was a member of virtually all our national
societies. He became a Diplomate of the American
Board of Otolaryngology in 1935, following which
he rapidly became a Fellow of the American Col

lege of Surgeons, as well as attaining Fellowship in
the American Broncho-Esophagological Associa
tion, the American College of Chest Physicians, the
American Academy of Ophthalmology and Otolar
yngology, the American Association for Thoracic

Surgery, the American Laryngological, Rhinolog
ical and Otological Society and the American Socie

ty for Head and Neck Surgery. His proudest mo

ment, however, came in 1959 when he became a

Fellow of the American Laryngological Association.
He considered this his most prestigious honor. He
was further honored when he served as Vice-Presi
dent of this organization in 1965. He also served on

the Councils of the American Broncho-Esophagolog
ical Association as well as the Triological Society.

Despite his consuming professional activities, Ar
thur devoted himself to his lovely and talented wife,
Liska, and beautiful actress-producer daughter,
Linda Marsh. He was an accomplished water color
ist. In his later years, despite a near total loss of vi

sion, he became a marvelous sculptor.
Artie received many honors during his illustrious

career including being Dr John Daly's Guest of
Honor at the Triological Society Eastern Section

Meeting in 1972. He received the Columbia Univer

sity Bicentennial Silver Medal in 1967, and the
Distinguished Service Award of the New York Eye
and Ear Infirmary in 1979. He lived in a world of
giants and belonged there. In turn, he touched and
was touched by many individuals. All those privi
leged to fit this category will never forget his drive
for knowledge and expertise, and the art with
which he applied them. Those of us who were his
students and friends will always revere him, not on

ly for his professional qualities, but for his gentle
ness and caring. His passing leaves a void only par
tially filled by his memory.

P.L.C.
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GLASSELL SLAUGHTER FITZ-HUGH
1907-1984

Glassell Slaughter Fitz-Hugh, MD, died on Oc
tober 2, 1984, after a prolonged illness.

He was born in Charlottesville, Virginia, on May
1, 1907, and except for postgraduate medical train

ing in New Orleans and military duty in Europe
during World War II, he remained there through
out his life. He graduated from the University of

Virginia and received his medical degree from the

University of Virginia School of Medicine in 1933.
After 2 years of residency training at Charity Hos

pital in New Orleans, he returned to the University
of Virginia in 1937 to complete his training in oto

laryngology and ophthalmology. He then joined Dr
Halstead S. Hodges, Chairman of Otolaryngology
and Ophthalmology, and Dr Fletcher D. Wood
ward, in practice at the University of Virginia.

In 1951, Dr Fitz-Hugh became Chairman of Oto

laryngology and Maxillofacial Surgery at the Uni

versity, a position he held until 1975. He was ele
vated in 1977 to Professor Emeritus at the manda

tory retirement age of 70, and became a full-time
consultant until December 31, 1983. Dr Fitz-Hugh
served the University of Virginia for 46 years.

From 1943 to 1946, Dr Fitz-Hugh served in the
US Army Medical Corps as a member of the Univer

sity of Virginia Hospital Unit. Eighteen months of
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this time were spent in the European theater of

operations. He was discharged with the rank of
Lieutenant Colonel after serving as chief of

otolaryngology at several service hospitals.
Dr Fitz-Hugh was a member of numerous medi

cal societies and served as President of the American

Laryngological, Rhinological and Otological Socie

ty, the American Laryngological Association, the

Virginia Society of Ophthalmology and Otolaryn
gology, the Albemarle County Medical Society, and
Chairman of the Otolaryngological Section of the
Southern Medical Association. He was a Fellow of
the American Academy of Ophthalmology and Oto

laryngology and received their distinguished service
award. He was a member of the Centurion Club
and served on the study section of the National Ins
titute of Neurological Diseases and Blindness. He
received the President's Citation for Meritorious
Service in the employment of the physically handi

capped, and he was awarded the Robley Dunglison
Award for Excellence in Teaching, an award voted

annually by the students of medicine at the Uni

versity of Virginia. He represented the American

College of Surgeons as a member of the Residency
Review Committee for Otolaryngology for a num

ber of years.

Dr Fitz-Hugh made numerous contributions to

the medical literature on otolaryngology. In the
field of head and neck surgery, he was a pioneer,
establishing himself and the department as a region
al referral center for head and neck cancer patients.
A Fitz-Hugh Chair in Otolaryngology was estab
lished to honor him in 1977.

Dr Fitz-Hugh served as a member of the Board of

Managers of the University of Virginia Alumni As

sociation, was President of the Virginia Student Aid
Foundation, and an Elder in the Presbyterian
Church. He was also a member of the Rotary Club,
Alpha Omega Alpha, Zeta Psi, Colonnade Club,
Calconnon Club, Albemarle Historical Society, and
Farmington Country Club.

Dr Fitz-Hugh was an ardent fan and loyal sup
porter of the University of Virginia's football and
basketball teams. He was an amateur gardener who
worked mainly with azaleas.

He is survived by his wife, the former Dorothea
Minor Meredith of Virginia Beach; three children,
Glassell Slaughter Fitz-Hugh, Jr, of Richmond, Vir

ginia, George Meredith Fitz-Hugh of Fairfield, Vir

-ginia, and Elizabeth Fitz-Hugh Morgan of Charlot
tesville, Virginia; six grandchildren; and a sister,
Mrs James Crigler Smith, of Madison, Virginia.

"To consider dear to me as my parents him who
taught this art ...

"

R.W.C.



ORAM R. KLINE
1891-1983

Oram R. Kline was born on a farm in Columbia
County, Pennsylvania, on August 13, 1891. He died
in Woodbury, New Jersey, on January 19, 1983.

Dr Kline attended Berwich High School and
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graduated from Wesleyan University with a BS in
1913. In 1917, he graduated from Jefferson Medical
College in Philadelphia, and then interned at the

Pennsylvania Hospital in Philadelphia. During
World War I he served as a First Lieutenant in the
US Army Medical Corps. Dr Kline received gradu
ate training in otolaryngology at the University of
Pennsylvania Graduate School of Medicine from
1921 to 1922. In 1922 he began his practice in

Camden, New Jersey.
He was Chief of the Ear, Nose and Throat De

partment of the Cooper Hospital from 1944 to 1956.
He was also on the Honorary Medical Staffs of Our

Lady of Lourdes Hospital, Underwood Memorial
Hospital, and the Burlington County Memorial
Hospital. He was Emeritus Assistant Professor of
Otolaryngology at the University of Pennsylvania
Graduate School of Medicine.

Dr Kline served as President of the Camden
County Medical Society, Chairman of the Otolar
yngology Section of the Philadelphia College of

Physicians, and Vice-President of the Eastern Sec
tion of the Triological Society, and was a Fellow of
the American College of Surgeons. During his ca

reer he published several articles in professional
journals.

Dr Kline was elected to Fellowship in the Ameri
can Laryngological Association in 1950 and was ele
vated to Emeritus Fellowship in 1961.

J.B.S.
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GEORGESPORTMANN
1890-1985

AET MEA MESSIS ERIT

Translated: "My life will be a harvest."

It is manifestly quite impossible to describe ade
quately a man whose career spanned almost 80

years, and which covered such diverse interests as

top-level politics, wine growing, world economics,
scientific research, and fundamental developments
in otorhinolaryngology. Such a man is unique, and
his death has left a void which cannot be filled.
Thanks to the kindness of his son, Michel, no mean

achiever in his own right, I have at my disposal the
bare bones of Georges Portmann's outstanding ca

reer. While apologizing in advance for my inade
quacies in translating a life of achievements to the
written page, I have attempted to outline the multi
farious interests, contributions, and honors which
characterized this most charming and cultured
man.

Born on July 1, 1890, at St-jean-de-Maurienne,
Savoy, France, he became Senator for the Gironde
6 years after elevation to full Professor of Clinical

Otolaryngology and Cervico-facial Surgery at the
Medical Faculty of Bordeaux. In 1938 he became
mayor of Sainte-Eulalie (Gironde), a post he oc

cupied with distinction, achieving much for this
township until his retirement in 1971. During his
outstanding political career, highlighted by his elec
tion as first Vice-President of the French Senate
(1959-1961), he served on all major committees,
often as president or vice-president, particularly
when related to the North Atlantic Assembly. In
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1961 he presided over the important Atlantic Con
vention held in Paris, and his many contributions to
French political life were recognized in November
1953 when he received his country's highest award,
the Grand Cross of the Legion of Honour.

Such efforts would have fully occupied the ener

gies of any ordinary man, but, of course, Professor
Portmann was also busy developing one of the most

active and prestigious academic otolaryngology
departments in the world, now recognized by over

'1,200 otologists by membership in the Portmann
Foundation. His own researches into inner ear func
tion together with the development of operations
for deafness, vertigo, and tinnitus were of great im

portance, many being still utilized. He was in
terested in the surgery of the larynx, pharynx, and
tongue, and became an Honorary Fellow of the
American Laryngological Association in 1968. Be
tween 1939 and 1962 he wrote over 18 major scien
tific works, many more than 1,000 pages long,
which were translated into several languages and
covered the whole field of the specialty. Over 600
articles and addresses were published under his
name which was recognized throughout the world

l

as that of one of the foremost otologists of his era.

As a truly bilingual Frenchman, he lectured
worldwide, but initiated bilingual lecture courses in
Bordeaux in 1925, continued with consummate suc

cess to date by his son, Michel.

Such abilities were, of course, rewarded by mem

bership in virtually every appropriate professional
body or society throughout the world. Honorary
doctorates from Equador, Chile, Italy, Canada,
and Venezuela; Honorary Fellowships of the Royal
Society of Medicine, London, and the Royal Col
lege of Surgeons of Ireland were just a few of the
commendations lavished upon him by his col
leagues. Numerous guests of honor were highlighted
by his impassioned address at the 11th World Con
gress of Otorhinolaryngology in Buenos Aires in
1977, when he was clearly deeply moved by both
the invitation and occasion. None of these awards
were surprising since his academic interests had
long been appreciated in France by his appoint
ment as Dean of the Limoges and Poitiers Medical
Faculty (1949-1953), Dakar Medical School (1951-
1955), Vice-President of Bordeaux University Coun
cil in 1955, and the Faculty of Medicine and Phar
macy in 1964.

It is doubtful if there has ever been any physician
who received so many high national and interna
tional decorations. The Military Cross with Bar and
Star 1914-1918 was the first of many French awards
culminating, of course, in 1953 with the Grand Cross
of the Legion of Honour. In all he received two
Grand Crosses and seven Grand Offices in addition
to a number of distinguished officer awards and
knighthoods from foreign governments.

Unfortunately, this brief account of a long, pro-



ductive, and meritorious life only touches the sur

face of a truly exceptional individual. The books he
wrote dealing with the wider implications of inter
national policies and their effect on world econom

ics and peace were the product of a caring and
much travelled individual.

Finally, and of some importance to those fortu-
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nate enough to visit Bordeaux, was his great knowl

edge of vines and wines of this region. As an officer
of all the important national and international wine
societies and guilds, he insured that the reputation
of the world's finest red wine was maintained, For
that alone we owe him a debt of gratitude.

D.F.N.H.
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LEROY A. SCHALL
1892-1985

On April 22, 1985, otolaryngology lost one of its

giants. On that day, Dr LeRoy A. Schall died at the

Cape Cod Hospital. One of the pioneers of head and
neck cancer surgery, he was not only an extremely
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compassionate clinician in the care of patients, but
an outstanding teacher who left his imprint deeply
embossed on all of the residents who trained under
him at the Massachusetts Eye and Ear Infirmary.

He always made it a special point to impart to his
students not only the science of medicine but, more

importantly, the art of medicine. He was a very
devoted family man who stressed the importance of

being compassionate and deeply involved with his

patients during the day and would always stress the

importance of not taking those problems home at

night.
Dr Schall succeeded another giant, Harris P.

Mosher, as the Walter Augustus LeCompte Profes
sor of Otology and Laryngology at Harvard Medi
cal School and Chief of Otolaryngology at the Mas
sachusetts Eye and Ear Infirmary from 1939 to

1959.

Dr Schall was born in Latrobe, Pennsylvania,
and received his medical education at Jefferson
Medical College. He had served as an officer in
almost all of the national otolaryngological so

cieties, including the Presidency of the American
Academy of Otolaryngology and Ophthalmology,
the Triological Society, and the American Laryn
gological Association.

He will be sorely missed by all who ever came in
contact with him, his patients, his students, and his
peers.

C.F.R.



WILLIAM MACLOHAN TRIBLE
1924-1984

William Macl.ohan Trible was born in Washing
ton, DC, July 3, 1924, and died after a protracted
illness at Bethesda, Maryland, on July 27, 1984, at

age 60. Until his untimely death, Bill had a brilliant
career and served both his profession and his spe
cialty spectacularly well. His father, George B. Tri
ble, was an otolaryngologist in Washington, DC,
who established quite a reputation with the diplo
matic corps. Bill attended Maret and Sidwell
Friends schools in Washington and was educated in
Switzerland as well. He graduated from Culver
Military Academy. His precocious mind took him to
Princeton University where he graduated at age 19,
in 1943. He immediately enlisted in the field artil
lery, served in the European theater in combat in
World War II, and was wounded in action. On his

discharge from the service, he attended George
Washington University Medical School, graduating
in 1950. His residency at Manhattan Eye, Ear and
Throat Hospital brought him in contact with other
distinguished colleagues and stimulated him to pur
sue head and neck surgery as a subspecialty. He
went into practice with his father in Washington,
DC, and became a faculty member at George
Washington Medical School where he served for 25

years, rising to the rank of. clinical professor. He
was Chief of the Department of Otolaryngology at
the Washington Medical Center from 1972 to 1978.
He was a fine teacher, performed one of the first
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"commando" procedures (composite resection of
the mandible and radical neck dissection) in Wash
ington' and served on the local hospital tumor
board.

A charming, sophisticated, and witty person, Bill

gave wise counsel to many societies. He was a

member of the Board of Directors and Treasurer of
the American Council of Otolaryngology-Head and
Neck Surgery in Washington, DC, and headed its
investment advisory committee for many years. He
served as a Governor of the American College of
Surgeons for 6 years. He early recognized the need
for a national body to train otolaryngologists in
head and neck surgery and was a founding member
of the American Society for Head and Neck Sur

gery. He served as the third secretary from 1968 to

1974, and President of the Society in 1978 to 1979.
His great secretarial talent was again recognized
when he served simultaneously as Secretary of the
American Laryngological Association and the Trio

logical Society, a feat never before accomplished by
anyone in our specialty.

Bill was a wunderkind with quiet modesty. He

spoke eloquently and rapidly at council and medi
cal meetings, enthralling his audiences with his pro
fessional knowledge and expertise. Bill loved to sail
the Chesapeake, spending many a relaxing summer

day with his wife, Lynn, aboard his sailboat. He
was a skillful skier as well. He was a connoisseur of
both wine and gourmet cuisine, ensuring that in
numerable dinner meetings and society banquets
were of the highest quality.

He was honored by the American Laryngological
Association with the Newcombe Award for distin

guished service, by the American Academy of Oto

laryngology-Head and Neck Surgery in 1983 with
the Presidential Citation, and by the Eastern Sec
tion of the Triological Society in 1984, as its Guest
of Honor. He received the Gold Cane Award from

Washington Hospital Center (an honor which his
father also had received).

He is survived by his wife, Gwendolyne Q. Tri

ble, of Bethesda, Maryland; four children by his
first marriage, Letha M. Trible of Gaithersburg,
Maryland, George B. Trible of Arlington, Virginia,
and Elizabeth and Annadelia Trible, both of Chevy
Chase, Maryland. He also had two stepchildren,
Anne E. Shields of Washington, DC, and Gordon
B. Shields of Bethesda, Maryland.

Many great people have made their mark in oto

laryngology-head and neck surgery, but few have
contributed so magnificently as our dear colleague
and friend, Bill Trible. He will be greatly missed.

J.S.L.
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Date indicates year admitted to active fellowship. Attendance at meetings is shown by figures following each name. Asterisk indicates
year paper was read. Year and asterisk in parentheses indicates coauthor of paper but not present at meeting.

Active Fellows - 95

1974 Alford, Bobby R., 1200 Moursund Ave, Houston, TX

77025, 1974, '78, '80-'83, '85.

1969 Andrews, Albert H. Jr, 122 S Michigan Ave, Chicago, IL
60603, 1970-'74*-'83 ..

1984 Applebaum, Edward L., 1855 W Taylor St, Chicago, IL

60612, 1984, '85.

1975 Bailey, Byron J., Dept of Otolaryngol, UTMB, Galveston,
TX 77550, 1975,· '76*, '77, '78, '81, '82, '84, '85.

1970 Ballenger, John J., 723 Elm St, Winnetka, IL 60093,
1971-'84, '85.

1963 Baxter, James D., 687 Pine Ave West, Montreal, 112, P.Q.
H3A 1A1, Canada 1963, '65*-'74, '76-'80, '82, '85.

I

1975 Biller, Hugh F., Mt Sinai Hosp, 100th St & Fifth Ave, New

York, NY 10029, 1975- '77*, '78*, '79*, '80*, '81 *, '82*,
'83*, '84 *, '85.

1977 Blaugrund, Stanley M., 115 E 61st St, New York, NY

10021, 1977-'84*, '85.

1975 Boles, Roger, Dept of Otolaryngol, Univ of California, San
Francisco, CA 94122, 1975-'82, '84, '85.

1984 Bone, Robert C., 10666 N Torrey Pines Rd, La Jolla, CA
92037, 1984.

1955 Bordley, John E., Johns Hopkins Hosp, Baltimore, MD
21205, 1955-'57, '59, '60, '62-'67, '69-'73*-'80, '82, '83,
'85* .

1959 Brewer, David W., 1100 E Genesee St, Syracuse, NY

13210,1959, '60*, '61, '62*, '63, '66, '70, '73, '74*, '77, '80,
'81, '83, '85.

1976 Briant, Thomas D. R., St Michael's Hosp, 30 Bond St,
Toronto, Ont M5B 1 W8, Canada, 1976, '77, '78, '80-'82,
'85.

1955· Brown, Lester A., 490 Peachtree St, NE, Atlanta, GA

30308, 1955-'59, '61, '63, '65, '68-'73*-'80, '82.

1963 Bryce, Douglas P., O.P.D. Toronto General Hosp, Toron

to, Ont M5G 1L7 Canada, 1963*, '64, '66*, '67*,
'68*-'76-'79*, '81, '83-'85.

1979 Calcaterra, Thomas C., UCLA Med Ctr, Los Angeles, CA
90024, 1979, '85.

1985 Canalis, Rinaldo F., 1000 W Carson St, Torrance, CA

90509, 1985.

1976 Cantrell, Robert W., Univ of Virginia Med Ctr, Char
lottesville, VA 22901, 1976, '77*-'80*-'82-'84*, '85.

1968 Chandler, J. Ryan, 1700 NW 10th Ave, Miami, FL 33136,
1968, '69*-'79*-'82-'84*, '85.

1985 Chodosh, Paul L., 800 Westminister Ave, Hillside, NJ
07205, 1985.

1967 Cocke, Edwin W. Jr, 920 Madison, Memphis, TN 38103,
1967-'70, '72, '74-'78, '80, '82, '84.

1964 Cody, Claude C. III, 7777 Southwest Freeway, Houston,
TX 77074, 1964, '65, '67, '69, '71, '73, '77-'79, '81, '83-
'85.

1971 Cohen, Seymour R., 1300 N Vermont Ave, Los Angeles,
CA 90027,1971, '72*, '73*, '74, '75*, '76*, '77, '78*, '80*,
'81*, '82*, '83*, '84, '85*.

1984 Crumley, Roger L., 350 Parnassus 501, San Francisco, CA

94117, 1984 *
.

1980 Cummings, Charles W., Dept of Otolaryngology, Univof

Washington, Seattle, WA 98195, 1980-'82*, '83*, '84, '85.

1973 Dedo, Herbert H., Univ of California S.F., School of Med,
Rm 495U, San Francisco, CA 94122, 1973*, '74, '75*,
'76*-'79*-'82*, '83, '84*.

1984 DeSanto, Lawrence W., 200 First St, Rochester, MN

55905, 1984.

1976 Doyle, Patrick J., 1081 Burrard, Vancouver, BC, V6Z
1 Y6, Canada, 1976, '77*, '80*, '81 *, '84.

1973 Duvall, Arndt J. III, Univ of Minnesota Hosp, A-605 Mayo
Memorial Bldg, Minneapolis, MN 55455, 1973*, '75-'78,
'80, '81, '84.

1968 Farrior, Richard T., 505 DeLeon, Tampa, FL 33606,
1968-'70*, '72, '74, '76-'81, '84, '85.

1964 Fearon, Blair, 308 Medical Arts Bldg, Toronto, Ont, M5R
2M8, Canada, 1964, '66-'71*, '72*, '73*, '74*-'78*-'81*,
'82-'85* .

1982 Fee, Willard E., Jr, Stanford Medical Center, Stanford,
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