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FELLOWS IN ATTENDANCE AT THE ONE HUNDRED FIFTH ANNUAL MEETING

First Row: Lingeman, G. Tucker, Strong, Boles; Snow, Myers, Lewis, Norris, Tabb, Woodman, Pratt, Bailey, Canfield, Kirchner.

Second Row: Munoz-MacCormick, Ritter, Friedberg, Nichols, Yanagisawa, Vaughan, Lejeune, Dedo, Goldman, Shapiro, D. Miller.

Third Row: Ballenger, Lyons, Harris, J. Tucker, Fredrickson, Pennington, Blaugrund, Benjamin, Cohen, Gates, Cody, Fearon, Chandler, Johns, Farrior.

Fourth Row: Reed, Sisson, Harrison, Yarington, Saunders, McGovern, D. Sessions, DeSanto, Fee, Lewy, Ward, Cummings, Hudson, Crumley.
Fifth Row: Biller, Bone, Cantrell, Hicks, Montgomery, Applebaum, H. Tucker, Cocke.



MINUTES OF THE EXECUTIVE SESSIONS

FIRST SESSION - MAY 5, 1984

The First Executive Session of the 105th Annual

Meeting was convened at 8 AM in the Venetian

Ballroom, The Breakers, Palm Beach, Florida, John
S. Lewis, MD, New York, presiding. The following
candidates, having been recommended for Fellow

ship by the Council, were unanimously elected to

Active Fellowship: Edward L. Applebaum, MD,
Chicago; Robert C. Bone, MD, Del Mar, Califor
nia; Roger L. Crumley, MD, San Francisco; Law
rence W. DeSanto, MD, Rochester, Minnesota;
Joyce A. Schild, MD, Chicago; Charles W.

Vaughan, MD, Boston; to Emeritus Fellowship:
John R. Ausband, MD, Atlanta; Daniel Miller,
MD, Boston; Lup Q. Pang, MD, Honolulu; Peter
N. Pastore, MD, Richmond, Virginia; to Corre

sponding Fellowship: John N. G. Evans, MD, Lon

don; Minoru Hirano, MD, Kurume, Japan; Gordon

B. Snow, MD, Amsterdam; to Honorary Fellow
ship: John J. Conley, MD, New York; John F. Daly,
MD, New York; Charles M. Norris, MD, Philadel
phia.

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 Lewis. The Emer
itus and Corresponding Fellows were announced,
and Dr Charles M. Norris was presented the cer

tificate of his elevation to Honorary Fellowship.

The following Fellows were elected as members
of the Nominating Committee: Stanton Friedberg,
Chairman; Charles R. Ferguson; John J. Ballenger;
Myron J. Shapiro; Robert B. Lewy.

SECOND SESSION - MAY 6, 1984

The Second Executive Session was opened by
President Lewis at 12:30 PM, and the report of the

Nominating Committee was received from the
Chairman, Dr Stanton Friedberg. The following
Fellows were nominated to the Council and elected
unanimously: Gabriel F. Tucker, Jr; Harold Tabb;
Douglas P. Bryce; M. Stuart Strong; Loring W.

Pratt; John S. Lewis; Eugene N. Myers; Richard R.

Gacek; James B. Snow, Jr; Paul H. Ward.

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

President Lewis presented to Dr John J. Conley
the Certificate of his elevation to Honorary Fel

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

At the close of the Scientific Session, the' E�
ecutive Session was reconvened by President Lewis:
At the President's direction, the newly elected
members of the Council, acting as Directors of the
Association, organized themselves for the year
1984-1985 as follows: President: Gabriel F. Tucker,
J r, MD; Vice-President (President-Elect): Douglas
P. Bryce, MD; Secretary: Eugene N. Myers, MD;
Treasurer: Loring W. Pratt, MD; Historian-Editor:
James B. Snow, Jr, MD; First Councilor: Harold G.

Tabb, MD; Second Councilor: M. Stuart Strong,
MD; Third Councilor: John S. Lewis, MD;. Coun

cilors-at-Large: Richard R. Gacek, MD; Paul H.

Ward, MD.

Following the organization of the Directors, Pres
ident Lewis thanked the Council and Fellows for
their support during the year and introduced Dr
Gabriel F. Tucker, Jr, as the new President, who

adjourned the meeting.
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REPORTS

REPORT OF THE SECRETARY

The membership at the present time consists of 10 Honorary,
41 Emeritus, 16 Corresponding, and 96 Active, for a total of 164
Fellows.

The next meeting of the American Laryngological Association
will be held at the Fontainebleau Hotel, Miami Beach, Florida,
Saturday morning, May 25, and Sunday afternoon, May 26,
1985, in conjunction with the Thirteenth World Congress of

Otorhinolaryngology, which will be held May 26 to 31, 1985.

The meeting of the Council of the American Laryngological
Association will be held in conjunction with the Eastern Section
of the Triological Society at the Hotels at Syracuse Square,
Syracuse, New York, January 24 to 26, 1985.

Respectfully submitted,
Eugene N. Myers, MD

Secretary

REPORT OF THE HISTORIAN-EDITOR

I have the sad duty to report the deaths of two Emeritus

Fellows, one Active Fellow, and one Corresponding Fellow.
Robert L. Goodale (elected 1940) served the Association as Vice
President in 1955 and was a Benefactor of the Memorial and

Laryngological Research Funds. In 1970, he was elected to

Emeritus Fellowship. He died August 11, 1983. William J.
NcNally (elected 1931) served the Association as Vice-President in
1951 and as President, presiding at the 1960 meeting. In 1970, he
was elected to Emeritus Fellowship. He died on November 24,
1983. Joseph H. Ogura (elected 1961) served the Association as

Vice-President in 1974 and as President, presiding at the 1975

meeting. He was honored by the Association in 1967 with the
Newcomb Award, in 1968 with the Casselberry Award, and in
1979 with the DeRoaldes Metal. He died on April 14, 1983. Costa
Dohlman was elected to Corresponding Fellowship in 1966 and
died on April 5, 1983.

The papers presented at this meeting will be published in the

July-August 1984 issue of the Annals oj Otology, Rhinology &

Laryngology.
The library of the Asssociation 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, 1940, 1943,
1955, 1958, 1960, 1970, and 1976. The Association will gratefully
receive copies of the missing issues as tax deductible contributions.

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, 1977-83.

Manuscripts for the 1985 meeting should be in the hands of the
Editor of the Annals oj Otology, Rhinology & Laryngology by
March 1, 1985.

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

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

Dr Peter Randall, Chairman of the Board of Governors,
presented a summary of reports at the annual meeting of the
Board of Governors. The main concerns of the Governors are en

croachment of the specialties upon general surgery and profes
sional liability. He emphasized a statement made at the Gover
nors' Legal Issues Panel by Representative Tarkey Lombardi of
the Health Committee of the New York State Legislature, to the
effect that physicians need a more sympathetic press with regard

to the professional liability issue. Although there is a need to
educate the legal profession and to recognize that the business
community is paying for increased health care costs, there are no

evident solutions to the problem.

Respectfully submitted,
Gabriel F. Tucker, Jr, MD

Governor, American College of Surgeons

ACCOUNTANT'S REPORT

REPORT OF THE TREASURER

To the Officers and Directors of the
American Laryngolgoical Association

The accompanying balance sheets of the general fund and trust
funds of the American Laryngological Association as of March 31,
1984, 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

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

reports are on the cash basis method of accounting, and accor

dingly, 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
April 24, 1984

8



Reports 9

STATEMENT OF ASSETS, LIABILITIES AND
FUND BALANCES - MARCH 31, 1984

ASSETS

STATEMENT OF RECEIPTS AND EXPENSES -

GENERAL FUND
FOR THE FISCAL YEAR ENDED MARCH 31, 1984

4,275
19,974
63,375
73,203
13,980

Receipts:
Dues .

Annual meeting.
Council meeting
Sale of Transactions .

Interest on NOW checking account .

Initiation fees
Miscellaneous .

Total

$13,650 �

10.,570
2,020
2,474

864
700
387

General Fund:
Cash (deficit)

Trust Fund:
Current Assets:

Cash due from General Fund .

10 % Treasury note due 6/30185 .

9.75 % Treasury note due 6/28184 .

Certificates of deposit due 2/17/86 .

Common stock .

Total Assets .

$ (1,856)

$30,665

$172,951

Disbursements:
Expenses of Annual Meeting:

Banquet .

Council travel and expenses
Transactions expense .

General Expenses:
Printing, postage and supplies
Clerical
Bond.
Professional fees
Miscellaneous

Total

9,730
10,236
5,953

2,752
2,100

40
1,250

579

LIABILITIES

None

FUND BALANCES

General Fund

Trust Funds .

$ (1,856)
174,807

Total Fund Balances. $172,951
See accountant's letter and notes to financial statements. Net Income (Loss). .

.

General Fund Balance
Beginning of year, April 1, 1983

End of year, March 31,1984

32,640

(1,975)

119

$(1,856)
See accountant's letter and notes to financial statements.

STATEMENT OF INDIVIDUAL TRUST FUNDS, MARCH 31, 1984

Receipts
Fund Invest- Fund

Balance ment Disburse- Balance
411183 Total Donations Income ments Transfers 3/31/84

Daniel C. Baker, Jr, Memorial Fund $ 31,650 $ 3,058 $ 3,058 $ 2,611 $ 32,097
Casselberry Fund . . . . . . . . . . . . . . . . . . . 15,520 1,490 1,490 17,010
Johnston Fund .. 14,707 1,396 1,396 16,103
DeRoaldes Fund . .............. 8,605 831 831 9,436
Newcomb Trust Fund .. 5,771 549 549 6,320
Newcomb Prize Fund 1,335 126 126 1,461
Research Fund 57,075 5,473 5,473 1,023 $ 2,760 64,285
Memorial Fund 28,806 3,435 $675 2,760 (4,146) 28,095

Total $163,469 $16,358 $675 $15,683 $3,634 $(1,386) $174,807

See accountant's letter and notes to financial statements.

GENERAL FUND - RESUME, MARCH 31, 1984

1975 1976 1977 1978 1979* 1980 1981 1982 1983 1984

EXPENSES
Annual

meeting $ 4,525 $ 5,664 $ 3,615 $ 6,930 $ 18,391 $ 9,033 $ 8,051 $ 16,195 $ 7,327 9,730
Council 1,360 1,906 2,042 3,348 4,097 3,972 4,163 3,176 4,645 10,236
Transactions 5,124 4,458 4,824 4,124 6,544 5,358 -0- 12,112 6,028 5,953
General 3,697 2,373 4,585 5,512 6,550 7,434 6,339 8,206 5,167 6,721

Totals 14,706 14,401 15,066 19,914 35,582 25,797 18,553 39,689 23,167 32,640
INCOME 13,284 t 16,752t 16,621 t 14,788t 21,426 27,257 23,271 28,603 26,185 30,665
GAIN (LOSS) ${1,422) $ 2,351 $ 1,555 $(5,126} $(14,156) $ 1,460 $ 4,718 $(11,086) $ 3,018 ${l,975}

• April L, 1978, through March 15, 1979.

[Excluding centennial assessments.

See accountant's letter and notes to financial statements.
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STATEMENT OF TRUST FUNDS
FOR THE YEAR ENDED MARCH 31, 1984

Receipts:
Interest income (Note 2):

US Treasury notes .

Certificates of deposit - banks

Dividends on common stock

Donations:
Memorial Fund

Joseph Ogura
Robert Goodale .

US Treasury notes matured
Certificates of deposit ..

Disbursements:
Baker Fund
Research Fund
Purchased:

US Treasury note $20,000
US Treasury note $65,000
Certificate of deposit

Net Income .

Fund Balance, April 1, 1983 .

March 31, 1984

See accountant's letter and notes to financial statements.

$ 2,778
11,053

$ 13,831
1,852

15,683

550
125

675
35,000
62,854

114,212

$2,611
1,023

19,974
63,375
15,891

102,874
11,338

163,469
$174,807

Reports
FUND BALANCES

General Trust
Fund Fund

March 31, 1975* . ................ 7,817 111,075
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

"Excluding centennial assessments.

See accountant's letter and notes to financial statements.

"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



THE MODEL OTOLARYNGOLOGIST

Francis I. Catlin, MD

The following operatic excerpt, sung to the tune of "The Modern Major-General" from
The Pirates of Penzance, uias performed by George A. Gates, MD, at the American Laryn
gological Association Banquet on May 5, 1984. It ls presented here by popular demand -

with apologies to Gilbert and Sullivan.

I am the very model of an otolaryngologist;
I've information medical compiled upon a floppy

disc;
I know about otology and microlaryngology:
And allergy, virology, and clinical rhinology.
I'm very well acquainted too with labyrinthine

vertigo;
I understand the facial nerve and how to tap the

cochleo;
And for third party payors, I am teeming with a lot

of fees;
In hopes that I get paid before the MDs get the

DRGs ...

Chorus
In hopes that he gets paid before the MDs get the

DRGs,
In hopes that he gets paid before the MDs get the

DRGs,
In hopes that he gets paid before the MDs get the

DRG-DTs ...

I'm very good at pedicles from nape of neck down
to the toes;

I know the middle fossa and I'm great at bobbing
up a nose;

In short, in matters surgical, my practice never

comes amiss,
I am a very model metaphysical triologist ...

Chorus
In short, in matters surgical, his practice never

comes amiss,
He is a very model metaphysical triologist.

I know our mythic hist-o-ry from Celsus to Hippoc
rates;

I can answer all Board questions; in didactics, I am

hard to please;
I quote the classic lit'rature by journal, year and

page and line;
In phonics, I can tell a raspy diphthong from a nasal

whine.
In physics, I can draw the calculation of the decibel;
And then discourse on why old age will keep us all

from hearing well;
In audiology, I've learnt that noise is really acid

rock;
And Semon's law for vocal cords is really Semon's

paradox ...

Chorus
And Semon's law for vocal cords is really Semon's

paradox,
And Semon's law for vocal cords is really Semon's

paradox,
And Semon's law for vocal cords is really Semon's

para-para-dox ...

In laryn-ge-al surgery, my lasering is very fine;
And vocal papilloma I can vaporize in record time;
In short, I am a surgical-allergical endoscopist;
I am a very model otorhinolaryngologist . . .

Chorus
In short, he is a surgical-allergical endoscopist;
He is a very model otorhinolaryngologist.
In fact, I treat the common cold with Pen-Vee-K

and chicken soup;
And I can tell at sight epi-glot-ti-tis from spasmodic

croup;
When such affairs as adenoids and tubes I feel I

have down pat
And when I know precisely where the omohyoid's

hiding at;
When I have learnt what progress has been made in

immunology;
Then I know more of tactics than a chairman of pa

thology;
About the Reissner ruptures I am teeming with a

lot of news;
'With many cheerful facts about the verity of Harv

ard's views . . .

Chorus
With many cheerful facts about the verity of Harv

ard's views,
With many cheerful facts about the verity of Harv

ard's views,
With many cheerful facts about the verity of

MEEI's views ...

In scientific knowledge, though I'm plucky and ad
ventury,

I've only been brought up to the beginning of the
century;

But still in matters medical my practice never

comes amiss;
I am a very model otorhinolaryngologist . . .

Chorus .

But still in matters medical his practice never

comes amiss,
He is the very model otorhinolaryngologist.
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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. Bolinger
1970 Francis E. Lejeune
1973 Lawrence R. Boies
1976 Anderson E. Hilding
1979 Joseph H. Ogura
1982 John J. Conley

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. Campbe11

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

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
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Gordon Berry
William E. Casselberry
Cornelius G. Coakley
Lee Wallace Dean
Arthur W. deRoaldes
Fred W. Dixon

George Fetterolf
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William E. Grove
Gordon F. Harkness
Frederick T. Hill
George E. Hourn
Samuel 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
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Mrs Sally Sample-Aall
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Edwin N. Broyles
Louis H. Clerf
Seymour R. Cohen
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John F. Daly
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Stanton A. Friedberg
Thomas C. Calloway
Joseph L. Goldman
Robert L. Goodale
Edley H. Jones
Zelda Radow Weintraub

Cancer Fund, Inc
A. P. Marchessini
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PRESIDENTIAL ADDRESS

JOHN S. LEWIS, MD

I wish to thank the membership for the honor and
privilege of serving as your president during the
past year. The response to the program solicitation
has been enthusiastic and overwhelming. Priority
on the program has been given to the new members
who are indeed a select group. Our program reflects
two concerns: one social and one scientific. The
Baker lecturer, Dr Hiatt, concerned with the possi
bility of a nuclear holocaust, will address us on the
physician's role in national defense. Our scientific
concern has been the great need in our specialty for
both basic and clinical research. We are delighted
to have Dr Wilbur Gould as our research lecturer,
with his great expertise in research on the human
voice. We have developed great prowess in the sur

gical treatment of diseases of the upper respiratory
tract and food passages. Out basic knowledge in

phoniatry is in its infancy.

Yet, when one looks back over the past century,
the medical accomplishments of our founding fath
ers were phenomenal. Most of the basic surgical
procedures in our field were developed before the
turn of the century. Solis-Cohen of Philadelphia,
one of our first presidents, performed the first total

laryngectomy in this country 100 years ago in 1884.
To paraphrase Thomas Carlyle, "Their tools were

the crudest and the meanest, the mere work done
was no measure of their strength." It was not until
the end of World War II, with the advent of
modern antibiotics, blood replacement techniques,
and modern anesthesia, that major head and neck

surgery was made feasible and safe. I was privileged
to be part of that pioneer head and neck surgical

team at Memorial Sloan Kettering. As Lewis Thom
as has pointed out in his latest book, The Youngest
Science, prior to the advent of the antibiotic era in
the late 1930s, our efforts in medicine were directed
to the diagnosis of infectious disease rather than
their treatment. The killer -discases of the past,
tuberculosis, syphilis, diphtheria, to name a few,
have been brought under control by modern antibi
otics.

The attention of our specialty in the past year has
been addressed to problems with continuing medi
cal education. One of the great concerns within our

special ty has been too many medical meetings and
too many societies. The cost of attendance at our

meetings has been astronomical. To discuss the

problem, a meeting was held in August 1983, spon
sored by the American Academy of Otolaryngology,
at Pheasant Run near Chicago, and attended by of
ficers of all of our societies. Much was debated, in

cluding new meeting formats, such as combining
our resources into one large annual meeting, with
the Academy providing administrative support and
the societies providing the program. No firm deci
sions were made, but rotation of all of the societies
within the present meeting structure was adopted as

a first step, with further deliberations to continue.

We have gathered here today perhaps the most

distinguished group of laryngologists in the English
speaking world. We exalt in the great good fellow

ship in our society and the scientific interests which
have brought us together. We welcome our new

members and urge them to continue our fine tradi
tions.
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INTRODUCTION OF GUEST OF HONOR
CHARLES M. NORRIS, MD

JOHN S. LEWIS, MD

It gives me great pleasure to introduce to you a

dear friend and great laryngologist, Dr Charles
Morgan Norris, as our Guest of Honor. Brought up
in the great tradition of the Jackson dynasty, he has
had a very colorful career at Temple University
Hospital where he developed the talent that won

him world renown. Dr Norris took his medical

training and residency at Temple University Hospi
tal in Philadelphia, where he also earned a Master
of Science in laryngology and bronchoesophagolo
gy. He held the position as professor and chairman
of that department from 1961 to 1983. He served
our Association first as treasurer and then president
in 1976, to 1977.

Dr Norris has also been president of the American

Broncho-Esophagological Association and the
American Society for Head and Neck Surgery. His
interest in the international affairs of our specialty
is evidenced by his service as executive secretary of
the Pan American Association for Otolaryngology

and Bronchoesophagology from 1961 to 1966 and
the International Bronchoesophagological Society
from 1961 to the present. He received the Chevalier
Jackson Award from the American Broncho-Esoph
agological Association and was their Guest of Honor
in 1978. He was recipient of the Newcomb Award
from our Association in 1980.

Dr Norris very early collaborated with Dr Gabri
el Tucker in demonstrating the anatomical path
ways whereby cancer spreads in the larynx. He has
introduced many innovative techniques in laryngol
ogy and bronchoesophagology. He has been a bril
liant laryngeal surgeon, introducing and improving
on surgical techniques for partial laryngectomy . He
has been a great teacher in our field and has offered
a superb course in Our specialty at the Jackson Clin
ic for many years.

We salute Dr Charles Norris and welcome him to

the post of Guest of Honor of our Association.

GUEST OF HONOR ADDRESS

CHARLES M. NORRIS, MD

It is a great honor for me to be Guest of Honor at
the 1984 meeting of the American Laryngological
Association (ALA). To many of us, membership in
the ALA, with its long tradition of leadership, has
been an important and satisfying manifestation of
recognition by our colleagues.

It is, of course, impossible to recapitulate, even in
small part, the many contributions and advances
first presented to this association. However, Dr
Lewis's 1984 program is an excellent example of the
continuing breadth and quality of the presentations
made by our members. As you have observed, the
papers deal with innovations and refinements in

surgical procedures, imaging techniques, use of the
laser, and management of trauma, in addition to
the papers dealing with the more basic aspects of
voice physiology, mechanisms of spread of cancer,
and immunology. Many of these papers will prove
to be of lasting importance. It is especially gratify
ing that so many of the papers this year are being
contributed by our younger members and their con-

temporaries, a fact which may refute the feeling of
some that the ALA is a stodgy, inbred group of tra

dition-bound old-timers.

The careers of many of us emerged with the en

couragement, direction, and support of great men.

So it was in my case. The privilege of being here to

day in my present capacity is, in my mind, a direct
sequel of my good fortune in being associated with
Chevalier and C. L. Jackson as preceptors, and the
ensuing work and experience with C. L. Jackson.
To both of the Jacksons, the ALA naturally enjoyed
high priority in interest and participation.

Soon after my association with the Jacksons
began, C. L. casually inquired whether I would
have an interest in reviewing the experience in
cancer of the larynx at the Jackson Clinic. It

developed that he had in mind a review covering a

period of 25 years and over 1,000 cases. This ob

viously was a laborious task but a very rewarding
one in providing some perspective on evolving

14



Guest of Honor Address

surgical techniques. I also learned the value of

thorough preoperative study, the importance of a

valid system of classification and staging, which did
not exist at that time, and the great importance of

complete study of surgical specimens as exemplified
in the later work of Gabriel Tucker, Jr, John Kirch
ner, and others.

C. L. Jackson, in an indirect way, helped to ini
tiate the era of conservation surgery when, in 1952,
he invited Professor Justo Alonso of Montevideo to

present, at a meeting of the Academy, his tech

niques of partial horizontal laryngectomy for supra
glottic tumors and partial vertical laryngectomy for
certain tumors of the pyriform sinus. The several
modifications of supraglottic laryngectomy as

developed by Ogura and others soon followed.

Having little talent for philosophical observa
tions, such as might be expected of a Guest of
Honor, I hope you will allow me the prerogative of

reviewing, just briefly, a few historic slides.

Here is an early direct laryngoscopy while Dr

Jackson was still in Pittsburgh in the early 1900s and
an early bronchoscopy during the same period. This
is said to have been one of Chevalier Jackson's earli
est bronchial foreign bodies; I think you will be able
to identify a shawl pin in the left bronchus with the

point in the trachea; this of course was removed
without fluoroscopic aid.

Here is one of the more remarkable of Dr

Jackson's, foreign body cases - an aggregation of
four rather large open safety pins in the esophagus
of a young infant, dealt with successfully. Here,
soon after Dr Jackson came to Philadelphia in 1916,

15

is one of his postgraduate course groups, along with
some assistants, and I think you will recognize Dr
Gabriel Tucker, Sr, Dr Lukens, Dr Schall, Dr

Clerf, and Dr Ed Broyles. Here a somewhat later
course group is shown with the familiar manikin
board and chalk drawings which were an invariable
part of Dr Jackson's lectures.

In the study, the place of origin of many of Dr

Jackson's voluminous writings, which included ten

textbooks and nearly 300 papers, is seen the broad
armed writing chair built by Dr Jackson. As an al
ternative, he found the peaceful quiet atmosphere
of this electrically powered boat a satisfactory place
in which to write. There were no word processors in
those days.

Endoscopic color photography was not to be de

veloped for many years and several of Dr Jackson's
early books and papers were illustrated by superb
oil paintings. A historic photograph of the two J ack
sons in the early years in Philadelphia, a photo
graph of C. L. Jackson with a map of the world,
symbolic of his many international interests, and a

final photograph of the two Jacksons at a time when
Chevalier Jackson was in his 90th year are seen

here.

In writing "1984," George Orwell had little to

say about medicine and physicians. However, this is
a year in which we do think of those who might be
looking over our shoulder. With a little imagina
tion, we might persuade ourselves that the laryngol
ogists of old might be watching us or ,- perhaps bet
ter, watching over us. If this should be so, we hope
they like what they see.



SCIENTIFIC SESSIONS*

A QUANTITATIVE ULTRASTRUCTURAL STUDY OF DENERVATED
POSTERIOR CRICOARYTENOID MUSCLE

STEPHEN E. SCHELL, MD

LESLIE T. MALMGREN, MD RICHARD R. GACEK, MD

Surgical attempts at reinnervation of denervated laryngeal musculature, eg, the Tucker neuromuscle pedicle technique, have met

with limited success. To better understand why, a temporal, electron microscopic study (both qualitative and quantitative) of denervated

posterior cricoarytenoid muscle (PCA) was undertaken. Unilateral intracranial transection of cranial nerves X and XI was performed in ten

cats. These cats, as well as a control animal, were sacrificed at various time intervals. Both denervated and innervated fibers were selected

randomly for study of ultrastructural changes. A point-counting morphometric technique was used to quantitate these changes. At 1 to 2
weeks the denervated muscle showed degenerative changes such as a statistically significant (.01 level) reduction in contractile cytoplasm
and a significant increase in vacuolated cytoplasm (as compared to the control). However, after 2 weeks of denervation, a surprising
ultrastructural reorganization took place characterized by a significant increase in contractile cytoplasm with a significant decrease in
mitochondrial volume fraction and vacuolated cytoplasm. This reorganized fiber ultrastructure remained relatively stable for at least 200

days (longest time examined). The contralateral, innervated PCA showed a subtle trend of a steadily increasing mitochondrial volume
fraction within the time period examined (200 days). This denervation response may be explained by the PCA's specialized activity pattern,
or it may indicate that a foreign source of reinnervation occurs in denervated laryngeal muscle. These thoughts imply that timing of rein
nervation attempts and/or control of this mechanism may be crucial to the ultimate success of reinnervation procedures.

This study will be published in full as a supplement to the Annals of Otology, Rhinology & Laryngology.

'The papers on pages 17-114 were published in the Annals of Otology, Rhinology & Laryngology, July-August 1984; the remaining papers on pages
115-139 are published here for the first time. The discussions that followed the papers begin on page 140.

.
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TENTH DANIEL C. BAKER, JR, MEMORIAL LECTURE

THE PHYSICIAN'S CONTRIBUTION TO NATIONAL SECURITY

HOWARD H. HIATT, MD

BOSTON, MASSACHUSETTS

Nuclear weapons make possible the ultimate epidemic. Since their use would lead to human and material damage orders of

magnitude more extensive than anything ever known, and since the medical community would be impotent to respond in any meaningful
way, all efforts must be directed to the prevention of nuclear war. By ensuring that the medical realities are known to decision-makers and
the people of the world, the medical community can help focus attention on the critical need for an effective prescription for prevention
and thereby can contribute in an important fashion to national security.

In a ten-day period in 1854 an epidemic of cholera
resulted in over 500 deaths in the Golden Square area

of London. Although the cause of the disease was

then unknown, an English physician, John Snow,
suspected from the patterns of previous attacks that
it was transmitted by sewage-contaminated water.

At that time, each London district had its own

water supply, and the distribution of cases led Snow
to suspect a pump on Broad Street as the source of
contamination. When the pump handle was re

moved, the epidemic ended - a triumph of public
health practice. 1

Our definition of the word "epidemic" has broad
ened since those days. For example, the many hun
dreds of thousands of people throughout the world
who will die this year of cancer of the respiratory
tract must be considered victims of a new kind of

epidemic. The number of deaths from lung cancer

among men in the United States and in many other
countries has increased more than 15-fold in the

past 50 years. The outlook for the patient with lung
cancer has not changed perceptibly; fewer than
10 % of those who contract the disease will be
cured. Simultaneously, costs of health services have
risen steeply in all countries.

A growing awareness of the limitations of many
therapeutic measures and their mounting costs has
led to increased attention to preventive approaches
to major health problems. High on that list is lung
cancer, particularly because of its clear-cut rela
tionship to cigarette smoking. It is widely recog
nized, however, that demonstration of the cause of
a disease does not guarantee control. In the instance
of cigarette smoking and lung cancer, for example,
multiple approaches are being made; concerned ci
tizens and experts have been enlisted from many
disciplines - medicine, economics, law, behavioral
science, chemistry, political science, and govern-

ment. Although the progress that has been made to
date to control the lung cancer epidemic has been
admittedly modest, the attention given the problem
has surely had some beneficial effects.

Now we must consider yet another kind of epi
demic, or more accurately, a group of epidemics.
Here the term epidemic is stretched beyond any
meaning previously known. I refer to the epidemics
that would result from the use of nuclear weapons.
The magnitude of death, suffering, destruction,
and desolation that would result from the most

"limited" nuclear war and the ineffectiveness of
available medical interventions permit only one ap
proach to the problem - that of prevention.

My own involvement with this subject dates from
February 1980, when a meeting entitled The Medi
cal Consequences of Nuclear War, cosponsored by
Physicians for Social Responsibility, was held in

Cambridge, Massachusetts. My knowledge of the
subject was limited. Therefore I accepted an invita
tion to introduce the meeting only because the in
vitation was tendered by a former student who had
a key role in its organization.

In preparing my remarks, I needed little research
to confirm two preconceptions: first, most analysts
believe it highly unlikely that any nuclear war

would be limited; and, second, no conceivable
medical response could deal with the human dam
age that would result. As a physician now concerned
primarily with public health, I therefore offered the
recommendation that is essential for diseases and
epidemics for which there are no cures - namely,
that all efforts be directed at prevention. Let me

preface these accounts by apologizing for their

autobiographical nature, but I'm certain that they
can be multiplied many times by the large numbers
of physicians who are now involved throughout the
world.

Dr Hiatt is the Dean of the Harvard School of Public Health, and Professor of Medicine at Harvard Medical School, Boston. This study was supported
by the Ruth Mott Fund and the Public Welfare Foundation, Inc.

Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 5-6, 1984.

REPRINTS - Howard H. Hiatt, MD, Harvard School of Public Health, 677 Huntington Ave, Boston, MA 02115.
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Coverage of the Cambridge meeting by the press,
television, and radio was extensive. Participants
throughout the country received invitations to speak
on the subject. Letters, often touching, almost all
with expressions, of gratitude, arrived for many
months. One woman offered thanks on behalf of an

unborn child. A retired US Air Force officer asked
whether he could help to bring what he termed "in

adequately appreciated facts" to the American peo
ple. A commentary I wrote was published by many
papers around the United States and outside, bring
ing an even wider response of interest and concern.

One of the few critical comments, from a colleague
very prominent in American medicine, was based
on a misunderstanding; he was reassured when I

emphasized that I was not, and am not, suggesting
unilateral disarmament, and further that my state
ments are restricted to the problems of nuclear wea

pons and do not concern the completely separate is
sue of nuclear power. I have assured other au

diences of my firm belief that the danger of nuclear
war transcends the differences between conser

vatives and liberals, Democrats and Republicans,
and hawks and doves; the vested interest of all
Americans and of all human beings is to prevent
nuclear war.

The Cambridge meeting was followed by many
similar ones throughout the United States and in
several European countries. A group of physicians
launched an organization called International

Physicians for the Prevention of Nuclear War, and
in Helsinki in June 1984, the Fourth Congress of
that group will bring together physicians from

throughout the world.

One of my invitations following the Cambridge
symposium was to meet with the trustees of the
American Medical Association (AMA) in Chicago.
The meeting was most constructive. It was followed
by another invitation, to submit an editorial to the
Journal of the American Medical Association. The
editorial, entitled "Preventing the Last Epidemic,"
was published in November 1980.2 The response
was favorable, indicating considerable concern; not

one physician challenged my picture of the realities.
A second article on the same topic appeared in the
same journal a year later. 3

At the December 8, 1981, meeting in Las Vegas,
the AMA went. on record by passing a resolution
that stated in part:

Physicians, like citizens globally, abhor war. They are especially
concerned about the medical consequences in the event of a ther
monuclear war. Available data reveals that there is no adequate
medical response to a nuclear holocaust. In targeted areas, mil
lions would perish outright including medical and health care

personnel. Additional millions would suffer severe injury, includ
ing massive burns and exposure to toxic levels of radiation without
benefit of even minimal medical care. Medical and hospital jacili
ties and other resources would likewise have been destroyed.

It is in a spirit of concern that the AMA Board of Trustees be
lieves that it is incumbent upon the Association to inform the Pres
ident and the Congress of the United States of the medical conse-

quences of nuclear war and that no adequate medical response is

possible." [Emphasis in original.]
It seems clear that a sensitive nerve has been

touched. Repeatedly, people exposed to the medical
realities of nuclear warfare have asked, "What can

we do?" That question is, of course, critical. As

physicians approaching the problem in a medical
context, we must recognize that prevention is a

political process, outside the area of our special
competence. This makes the question hard for us to

answer, except to say, "Inform people of the medi
cal realities. Tell the world's leaders that the pre
vention of nuclear war and each nation's security
are inextricably linked. They must give both the
highest priority."

THE CLINICAL PICTURE

Little is said about the catastrophe of a nuclear
attack, perhaps because it is too horrible to contem

plate. Surely little is said about medical interven
tion because so little can be said that is hopeful. And

yet our very silence permits or encourages the nucle
ar arms race to continue, making almost inevitable,
either by design or by chance, what could be the
last epidemic our civilization will know.

Much can be said, however. Two sources of in
formation are available. The first are descriptions
of the medical effects of the Hiroshima and Nagasaki
bombs. The second are several authoritative theo
retical projections of the casualties that would result
from the bombing of American - or Soviet - cities
toward which nuclear weapons are now aimed.

The Hiroshima bomb, the explosive power of
which was equivalent to 13,000 tons of TNT, is esti
mated to have killed more than 75,000 out of a total
population of 245,000. Twenty-five percent of those
were burned by the bomb, 50 % died from other in

juries, and 20 % as a result of radiation effects. The
bomb destroyed two thirds of the 90,000 buildings
within the city limits. Perhaps even more devastating
than the statistics are the descriptions of the indi
vidual victims. Here are the words of Prof Michito
Ichimaru, a J apa�ese physician:

In August 1945, I was a freshman at Nagasaki Medical College.
The ninth of August was a clear, hot, beautiful, summer day. I
left my lodging house, which was one and one-half miles from the

hypocenter, at eight in the morning, as usual, to catch a tram car.

When I got to the tram stop I found that it had been derailed in
an accident. I decided to return home. I was lucky. I never made
it to school that day.

At 11 AM, I was sitting in my room with a fellow student when I
heard the sound of a B-29 passing overhead. A few minutes later,
the air flashed a brilliant yellow and there was a huge blast of wind.
.

We were terrified and ran downstairs to the toilet to hide.
Later, when I came to my senses, I noticed a hole had been blown
in the roof, all the glass had been shattered, and that the glass had
cut my shoulder and I was bleeding. When I went outside, the sky
had turned from blue to black and the black rain started to fall.
The stone walls between the houses were reduced to rubble.

After a short time, I tried to go to my medical school in
Urakami which was 500 meters from the hypocenter. The air dose
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of radiation was more than 7,000 rads at this distance, but I could At 7 km from the center, brick and wood frame
not complete my journey because there were fires everywhere. I buildings are destroyed and fires caused by the in-
met many people coming back from Urakami. Their clothes were

tense heat are fanned by 160 mph winds.
in rags, and shreds of skin hung from their bodies. They looked
like ghosts with vacant stares. The next day, I was able to enter

Urakami on foot, and all that I knew had disappeared. Only the
concrete and iron skeletons of the buildings remained. There were

dead bodies everywhere. On each street corner, we had tubs of
water used for putting out fires after the air raids. In one of these
small tubs, scarcely large enough for one person, was the body of
a desperate man who sought cool water.

There was foam coming from his mouth, but he was not alive. I
cannot get rid of the sounds of crying women in the destroyed
fields. As I got nearer to school, there were black charred bodies,
with the white edges of bones showing in the arms and legs. A
dead horse with a bloated belly lay by the side of the road. Only
the skeleton of the medical hospital remained standing. Because
the school building was wood, it was completely destroyed. My
classmates were in that building attending their physiology lec
ture. When I arrived some were still alive. They were unable to

move their bodies. The strongest were so weak that they were

slumped over on the gound. I talked with them and they thought
they would be okay, but all of them would eventually die within
weeks. I cannot forget the way their eyes looked at me and their
voices spoke to me forever. . . . So many people died that dispos
ing of the bodies was difficult. We burned the bodies of my
friends in a pile of wood which we gathered, in a small open
place. I clearly remember the movement of the bowel in the fire.
... Never again should these terrible nuclear weapons be used,
no matter what happens. Only when mankind renounces the use

of these nuclear weapons will the souls of my friends rest in

peace." \

Since that traumatic beginning of the nuclear

age, scientists, military theoreticians, and national
security planners have attempted to project the

Hiroshima-Nagasaki data forward in order to un

derstand the human and material consequences of a

nuclear attack upon an American city. A study
which was prepared by the US Arms Control and
Disarmament Agency" postulated a I-megaton bomb
attack on Washington, DC, and it is upon that
source that the following description is based. It is

important to realize, however, that the picture is
conservative. While the I-million ton bomb involved
in the attack is far more destructive than the Hiro
shima and Nagasaki bombs (13,000 and 20,000
tons, respectively), so, too, it is far less destructive
than the largest contemporary weapons. And this

hypothetical attack involves the detonation of only
a single weapon, whereas contemporary military
planning and technological capabilities make it far
more likely that several weapons would be used in
each attack. Yet, despite such conservative parame
ters, the consequences of the attack are devastating.

Washington's trial by nuclear attack begins with
the detonation of a I-megaton bomb above the
White House. The area of total destruction, the cir
cle within which even the most heavily reinforced
concrete structures do not survive, has a radius of
2.5 km. Within this circle, too, almost all of the

population is killed.

At a distance of 5 km from the White House con

crete buildings are destroyed and the heat from the

explosion causes third degree flash burns and the

spontaneous' ignition of clothing.

In a circle with a radius of 10 km, brick and wood
frame buildings sustain heavy damage. The heat ex

ceeds 12 calories/em" and 100 % of exposed skin suf
fers third degree burns.

As far as 18 km from the center, brick and wood
frame structures sustain moderate damage.

For several kilometers beyond this last ring, peo
ple suffer second degree burns on all exposed skin
and additional burns from Flammable clothing and
other environmental materials. Retinal burns re

sulting from looking at the fireball cause blindness.
As high winds spread the fires caused by the initial
blast and thermal radiation, the number of casual
ties grows.

If we assume a population for the metropolitan
area of 2.5 million people, one quarter of the inhab
itants - more than 600,000 - are killed. Even more
- 800,000 people - are injured. Many of these
survivors are badly burned, blinded, and otherwise
seriously wounded. Many are disoriented. These are

the short-term effects; the problem of radiation
sickness will grow in the days and weeks ahead and
fallout from the bomb will spread well beyond the
area of impact.

The population is devastated; many survivors are

in need of immediate medical care, food, shelter,
clothing, and water. The communities in which they
lived have, in many cases, virtually ceased to exist
as physical entities - and as social entities as well.

Government is barely existent. The transporta
tion system, including many roads, has been de

stroyed. Remaining food, water, and medical sup
plies are dangerously inadequate. The physicians
and other professionals needed to treat the survivors
and reestablish administrative mechanisms for cop
ing with the crisis are even more decimated than the
population as a whole. That is the clinical picture of
a major American city and its rrietropolitan area

under the conditions of a hypothetical nuclear
disaster.

THE MEDICAL RESPONSE

I referred above to a growing awareness of the
limited effectiveness of some therapeutic programs
as one important reason for the increased interest in

prevention. An example is the shortcomings of treat
ment for lung cancer. How would modern medicine
deal with the casualties of a nuclear attack? John
Hersey in his book Hiroshima describes the prob
lems presented to Hiroshima's medical care system
and its capabilities and response:

Of 150 doctors in the city, 65 were already dead and most of
the rest were wounded. Of 1,780 nurses, 1,654 were dead or too

badly hurt to work. In the biggest hospital, that of the Red Cross,
only six doctor� out of 30 were able to function, and only ten nurses
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out of more than 200 . .. At least 10,000 of the [city's] wounded graphic distribution of surviving medical facilities
made their way to the [Red Cross Hospital] which was altogether in the postattack period would be another problem,
unequal to such a trampling, since it had only 600 beds, and they some requiring physicians to enter more highly ra-
had all been occupied.I'"!" dioactive areas and thus expose themselves to greater

personal danger in order to treat the injured.

Physicians will be faced with large numbers of
patients with blast injuries, including lacerations of
soft tissues and fractures; thermal injuries, includ
ing surface burns, retinal burns, and respiratory
tract damage; and radiation injuries, including
both acute radiation syndrome and delayed effects.
Infectious diseases will be rampant because of lower
resistance and widespread contamination. Severe

psychological problems will be widespread.

Again, examining the problems in terms of indi
viduals, Hersey presents an even grimmer picture:

Dr Sasaki worked without method, taking those who were

nearest to him first, and he noticed soon that the corridor seemed
to be getting more and more crowded. Mixed in with the abra
sions and lacerations which most people in the hospital had suf

fered, he began to find dreadful burns. He realized then that cas

ualties were pouring in from outdoors. There were so many that
he began to pass up the lightly wounded; he decided that all he
could hope to do was to stop people from bleeding to death. Be
fore long, patients lay and crouched on the floors of the wards and
the laboratories and all other rooms, and in the corridors, and on

the stairs, and in the front hall, and under the porte cochere, and
on the stone front steps, and in the driveway and courtyard, and
for blocks each way in the streets ouside. Wounded people sup

ported maimed people; disfigured families leaned together. Many
people were vomiting. A tremendous number of school-girls -

some of those who had been taken from their classrooms to work
outdoors clearing fire lanes - crept into the hospital. The people
in the suffocating crowd inside the hospital wept and cried, for Dr

Sasaki to hear, "Sensei! Doctor," and the less seriously wounded
came and pulled at his sleeve and begged him to go to the aid of
the worse wounded. Tugged here and there in his stocking feet,
bewildered by the numbers, staggered by so much raw flesh, Dr
Sasaki lost all sense of profession and stopped working as a skillful

surgeon and a sympathetic man; he became an automaton, me

chanically wiping, daubing, winding, wiping, daubing, wind

ing.7(pp34-S)
We considered the dimensions of the catastrophe

that Washington and its citizens would experience
in the event of a nuclear attack. In the aftermath of
such a disaster, problems of treatment and manage
ment become paramount. But what resources

would be available to attack those problems?
Taking as our base a figure of 6,000 physicians in

the Washington, DC, metropolitan area, and extra

polating from the casualties suffered by the general
population, we may project that 1,500 doctors
would be killed immediately and some 2,000 would
be seriously injured. Thus, 2,500 surviving physi
cians would be responsible for the care of 800,000
individuals. It would take five 16-hour workdays
per doctor for each of these patients to be visited
once, for 15 minutes.

In fact, it is likely that many fewer physicians
would survive. Physicians are concentrated, during
working hours, in an area close to the center of the
blast. But whether the postattack physician-to
patient ratio is 1 :3,000 or 1: 1 ,000, one must ask
where treatment will take place.

The bomb will reduce the number of hospital
beds, within Washington alone, by more than 60 % ,

and the amount of medical equipment and supplies
will be similarly inadequate. Can the seriously in

jured be treated at George Washington University
Hospital? It no longer exists. Georgetown Universi

ty Hospital? It, too, has been destroyed. In ruins, as

well, are DC General, Capitol Hospital, Howard
University Hospital, and several others. The geo-

Addressing even a minute fraction of the medical
needs of such a population would under optimal
circumstances be overwhelming. With a decimated
professional community, physical facilities largely
in ruins, and complete disruption of communica
tions, the task would be hopeless.

Any doubts about my use of the term hopeless are

dispelled by considering the fate of a 20-year-old
man during his hospitalization in the burn unit of
one of Boston's teaching hospitals. He had been in
an automobile accident in which the gasoline tank
exploded and he had incurred very extensive third
degree burns. During his hospitalization, he re

ceived 281 units of fresh-frozen plasma, 147 units of
fresh-frozen red blood cells, 37 units of platelets,
and 36 units of albumin. He underwent six operative
procedures, during which wounds involving 85 % of
his body surface were closed with homograft, ca

daver allograft, and artificial skin. Throughout his
hospitalization, he required mechanical ventilation
and monitoring with central venous lines, arterial
lines, and an intermittent pulmonary artery line.
Despite these heroic measures, which stretched the
resources of the hospital and even of the city, the
man died on his 33rd hospital day. His injuries were

likened by the doctor who supervised his care to
those described for many of the victims of the
Hiroshima bomb.

Keeping that one patient alive for 33 days required
the extraordinary capabilities of one of the world's
major medical centers. Even under optimal condi
tions, no amount of preparation could provide the
human and physical resources required for the care

. of more than a few such patients hospitalized
sirhultaneously in any city of the nation. Which of
the tens of thousands of people in the condition of
that one patient would be selected for treatment,
who would do the triage, and by what criteria?
(There are fewer than 2,000 beds in all of the
United States for such patients.)

"The medical problems of the post-attack
period," according to a study published more than
20 years ago in the New England Journal oj
Medicine, "will require more of a public health
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orientation than many practicing physicians hither
to utilize. In a society struggling for survival, ade

quate sanitation and the provision of food and
water may save more lives than the most skilled

specialist. .. . The control of epidemic disease will
constitute an ever-present challenge."8

Among the most serious of the postattack public
health problems, although among the least fre

quently discussed, is disposal of the dead. The

presence of hundreds of thousands of dead bodies in
the metropolitan area will pose a continuing and
serious hazard to the health of the survivors.

I refer only in passing to the equally dreadful in
termediate and long-term radiation effects of the
nuclear attack on the surviving population. In fact,
in light of the recent description of the "nuclear
winter," all discussion may be moot concerning
medical problems in a postattack world." That

study, by a group of physicists, astronomers, and

biologists, mobilizes strong evidence for the possi
bility that the detonation of even a relatively small
fraction of the existing nuclear arsenal could lead to

extinction of life on earth.

THE MAGNITUDE OF THE PROBLEM

At present more than 50,000 nuclear weapons are

deployed and ready. Most dwarf in destructive

power the bomb used against Hiroshima. Enough
nuclear bombs exist outside the United States to

subject every major American and European city
repeatedly to the destruction described for Wash

ington. For example, the Soviet Union is said to

have 100 to 200 25-megaton bombs (which would
level everything for 21 km in all directions), 400

5-megaton bombs (a 12-km radius of destruction),
and 6,000 Lrncgaton bombs (a 6.4-km radius to the
circle of waste). The Soviets are capable of target
ing, with multiple bombs, all cities in the United
States with a population of 100,000 or more. The
United States is in a position to wreak even greater
damage on Soviet population centers, and the ex

tent of destruction possible from both sides in Europe
defies description. One of our Poseidon submarines
carries enough nuclear weapons to kill 30 million
Soviet citizens. Two of the 20 on patrol at all times

could wreak such damage on Soviet population and
industrial centers as to effectively destroy the country.

10

Six nations are now acknowledged possessors of
nuclear weapons, but other countries almost surely
share that "privilege." Every addition to this list in

creases the degree of instability.
Consideration of the implications of a nuclear

war is, of course, very stressful. What purpose, one

may ask, to describe such almost unthinkable condi
tions? But the conditions are not unthinkable;
rather, they are infrequently thought about.

Among the painful results of the silence are the con

tinuing proliferation of nuclear weapons �nd the

failure to reject nuclear war out of hand as a "viable

option" in the management of world problems.

Physicians have broken the silence on this issue.
There is, of course, no reason to consider the conse

quences of nuclear war in strictly medical terms.
But if we do so, we must pay heed to the inescap
able lesson of contemporary medicine: where treat

ment of a given disease is ineffective or where costs

are insupportable, attention must be given to pre
vention. Both conditions apply to the effects of
nuclear war - treatment programs would be vir

tually useless and the costs would be staggering.
Can any stronger arguments be marshalled for a

preventive strategy?
'

A physician attempts to make a persuasive case

for prevention without frightening the patient. If
the patient fails to pay heed, however, the doctor is

justified, indeed obligated, to call attention to the

consequences in realistic clinical terms, however
stark they may be. Our "patients" at present in
clude the political leaders of the principal nations of
the world. Many, and particularly those who speak
of winning or surviving a nuclear war, appear not

to understand the medical realities of nuclear con

frontation. Therefore, many doctors have made a

start at painting this picture in its true dimensions.
If the horror of that picture is offensive - and how
can it be otherwise? - I hope the reader will ascribe
the horror not to hyperbole or irresponsibility, but
rather to a realistic story that has no precedent in
devastation.

The dividends of a successful campaign for pre
vention could, of course, extend far beyond the para
mount one of survival. The nuclear powers might,
for example, agree to commit to health programs a

fraction of the resources saved by freezing, at pres
ent levels, their stockpiles of nuclear weapons. Com

pare the $2.2 billion cost of a single nuclear aircraft
carrier, $1.5 billion for a Trident submarine, and
the $50 to $100 billion cost-estimate for the MX sys
tem, as well as similarly expensive developments in
the Russian arsenal, with the $2 billion estimated

requirement to wipe out malaria, which kills 1 mil
lion children per year in Africa alone. Or compare
the cost of these weapons with the $313 million

spent, according to the World Health Organization
(WHO), for the successful WHO campaign that
eliminated smallpox from the face of the earth. 11

Some time ago I wrote of the effort to publicize
the medical aspects of nuclear war to a professor of
medicine in a western European country, a distin

guished physician who has traditionally held him
self aloof from politics. I saw him shortly thereafter,
and he told me that when my letter arrived, he put
it aside, wondering, "Why is he involved in such an

activity?" "After two or three days," he continued,
"I took up your letter again. By that time I knew
well why you were involved and found myself won

dering why I was not."
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Prevention of any disease requires an effective

prescription. We recognize that such a prescription
must both prevent nuclear war and safeguard world
security. Our knowledge and credentials as physi
cians do not, of course, permit us to discuss security
issues with expertise. However, if the world's politi
cal and military leaders have based strategic plan
ning on mistaken assumptions concerning the medi
cal aspects of a nuclear war, we do have a responsi-

bility. We must inform them and the people of the
world of the full-blown clinical picture that would
follow a nuclear attack, and of the impotence of the
medical community to offer a meaningful response.
If we remain silent, we risk betraying ourselves and
our nations. My European colleague joined the ef
fort. I believe it essential for the survival of our

civilization that physicians (and other citizens)
everywhere do so as well.
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SIGNIFICANCE AND MEANS BY WHICH LARYNGEAL CANCER
INVADES THYROID CARTILAGE

D. F. N. HARRISON, MD, MS

LONDON, ENGLAND

Involvement of the thyroid cartilage attracts a high T rating in all systems of classification for carcinoma of the larynx. Evaluation of
145 patients with laryngeal cancer treated by total laryngectomy emphasizes the difficulties of preoperatively determining cartilage inva
sion. The operative specimen was serially sectioned and studied to determine the means by which ossified and nonossified thyroid cartilage
is invaded by carcinoma. A minimum 5-year follow-up of these cases indicates the prognostic significance of such invasion.

All classification systems recognize, either direct
ly or indirectly, the apparently poor prognostic sig
nificance of thyroid cartilage invasion in laryngeal
cancer by giving it a high "T" rating.1.2 The ration
ale for this conclusion is unclear since poor progno
sis is related to more factors than local tumor ex

tent, even when the latter can be measured accur

ately in situ." Only by studying long-term survival
in patients whose laryngeal cancer has been accu

rately assessed by whole-organ serial sections can

the significance of thyroid cartilage invasion be
viewed in perspective. Such a study is obviously
only possible after total laryngectomy , but also pro
vides a means for assessing routes of invasion.

The paired thyroid cartilages make up the greater
part of the laryngeal framework. Mave and Dick
son" investigated the range of normal distribution in
the shape, size, and configuration of human laryn
geal cartilages, finding significant variations with

respect to sex, size, and interrelationship. However,
these were primarily related to vocal fold length
adjustments although, as might be expected, di
mensions of the thyroid cartilage in the male ex

ceeded those in the female in every instance. Of
more clinical importance is the work of Harrison
and Denny" on the pattern of ossification within the

laryngeal cartilages by radiological examination of
341 larynges complemented by more detailed study
of 145 serially sectioned total laryngectomy speci
mens. Ossification changes in the human laryngeal
cartilages usually occurred in the third decade, but
not before the age of 21 years. However, as with
other studies, one patient, although only 18 years
old, showed considerable radiographical changes
within the thyroid laminae. Although it was possi
ble to demonstrate a gradually increasing degree of
ossification for both sexes with advancing age, im
mediate correlation between age and degree of ossi
fication was poor.

Within the thyroid cartilage, ossification invar

iably begins at the posterior border near the root of

the inferior horn, spreads along the inferior border,
and reaches the midline. Ossification also extends to

the upper portion of the posterior part of the lami
nae with the superior horn late to ossify in 20 % of
this series. Windows of unossified cartilage may re

main within the center of the alae suggesting neo

plastic destruction.

Various propositions have been advanced to ex

plain the stimulus which results in ossification of the
laryngeal cartilages present in all adult mammalian

larynges. There is much evidence, based upon com-

Fig 1. Section of collagen bundles (arrow) passing from
thyroarytenoideus muscle to inner periosteum of thyroid
lamina where anterior one third joins posterior two thirds
of ossified thyroid.

From the Institute of Laryngology and Otology, London.
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transglottic tumors are frequently associated with
invasion of the thyroid cartilage, clinically detecta
ble invasion is usually only possible when there is

perichondritis or obvious neoplasm external to the
thyroid alae. When radiological assessment is corre

lated with detailed examination of operative speci
mens, an obvious restriction to any prospective
study, the difficulties of detecting early invasion be
come obvious. Nathan et al ' assessed the accuracy
of computerized tomography (CT) in detecting sur

gical defects in the canine larynx and in 18 patients
with laryngeal cancer. They concluded that a high
ly reliable radiographic technique was still lacking
for accurately detecting early invasion of the thy
roid cartilage. However, another study" suggested
that there was good correlation between CT scans

and laryngeal sections, particularly in relation to
the preepiglottic space and paraglottic regions. This
survey, based on 17 larynges, emphasized the com

plementary nature of CT scanning and convention
al tomography but unfortunately contained no

cases of invasion of the thyroid cartilage.
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Fig 2. Serial section of laryngectomy specimen showing tu
mor invading anterior portion of partially ossified thyroid
cartilage, Metastasis is seen in Delphian node (arrow)
which is related to thyroid laminae and thyroid isthmus.

parative anatomical studies," to suggest that the
stimulus is provided by the. mechanical effort of
muscular contraction. The relationship of osteogen
esis to tensile forces is well recognized in the case of
certain tendons, as in some birds and the kangaroo's
tail. However, the normal appearance of centers of
ossification is entirely dependent on intrinsic

growth factors, and it is possible therefore to speak
of the morphological individuality of each bone or

cartilage. Yeager and Archer, 6 considering the
means by which laryngeal cancer invades the carti

lages, stressed the barrier presented by the internal

perichondrium. However, in many areas bundles of

collagen from the outer covering of the thyroaryten
oid muscle pass through the perichondrium into the

underlying cartilage or bone (Fig 1). The inferior,
posterior, and anterior parts of the thyroid laminae
are the most common areas for invasion. They are

also the most common sites for ossification and the
areas where collagen bundles are seen to penetrate
perichondrium.

A further area of importance is the anterior com

missure. Although lacking an agreed anatomical
definition, it is the area anteriorly between the vo

cal cords and should therefore have the same ver
tical thickness of 2 mm. This is a weak point within
the larynx, for only the anterior commissure tendon
separates mucosa from the thyroid cartilage. The
tendon extends from the thyroid notch down to in
sertion of vocal ligaments, blending with the under
lying cartilage. At the tendinous insertion there is
no internal perichondrium to resist invasion by
tumor.

DIAGNOSIS

Although there is much evidence confirming that

On purely anatomical grounds it seems possible
that early invasion of thyroid cartilage may occur

more frequently than can possibly be diagnosed. If
cure is obtained with radiotherapy alone then such
invasion remains unsuspected and the tumor under
staged. Even when the patient is treated surgically,
few pathologists will examine the specimen in suffi
cient detail to detect small areas of penetration. It is
therefore possible that invasion of the thyroid car

tilage alone may not necessarily be of serious signifi
cance and a T4 grading unwarranted.

Between 1965 and 1975, 145 laryngectomy speci
mens were processed by a modification of the meth
od described by Tucker" and each patient then fol
lowed-up for a minimum of 5 years postoperatively.
This formed the basis for a correlation between
clinical and histological staging in relation to prog
nosis completed in 1982.10 The material, in which
120 stained sections of 20-1L thickness are available
for each larynx, has been examined to determine
the significance of invasion of the thyroid cartilage
in relation to prognosis as well as site of invasion.

CLINICAL SIGNIFICANCE

Although it is generally accepted that tumors
confined to a mobile vocal cord carry a high cure

rate, the crude 5-year survival rate for 3,296 pa
tients classified as TINO presented at the Centennial
Conference on Laryngeal Cancer, Toronto, 1974,
was only 72 %. Apart from inclusion of patients
with unsuspected subglottic extension, this group
included an unknown proportion of neoplasms
which involved the anterior commissure. Twenty
six larynges in my series were examined where the
original tumor was assessed as involving the an

terior commissure. Only two showed invasion of the
underlying cartilage but without penetration of ex-
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Fig 3. Serial section from laryngectomy specimen showing
large transglottic tumor which has reached lateral crico
thyroid gap (arrow) but is not yet extralaryngeal. No evi
dence of invasion of the partially ossified thyroid lamina is
seen.

ternal perichondrium, and the four deaths were as

sociated with unsuspected subglottic extension with
involvment of the Delphian node (Fig 2). Involve
ment of the anterior commissure may well be associ
ated with early invasion of the thyroid cartilage.
However, radiotherapy or radical excision for fail
ure is curative and death appears to be associated
with subglottic extension of more than 1 cm , carry
ing risk of extension through the cricothyroid mem

brane and regional metastases.

Vocal cord fixation prior to radiotherapy indi
cates invasion of the thyroarytenoid muscle and

may be associated with involvement of the

arytenoid and cricoarytenoid joint. Possibly at least
one third of such patients have transglottic tumors

which, although suspected on coronal tomography,
can only be proven on histological examination of

operative specimens. The presence of tumor in the
thyroarytenoideus muscle must inevitably lead to

invasion of the paraglottic space. Apart from close
contact with the internal perichondrium of the thy
roid cartilage, the tumor can leave the larynx via
the lateral part of the cricothyroid membrane or

cricothyroid space (Fig 3). Primary tumors of the
ventricle are uncommon since the floor is formed
from the upper surface of the vocal cord. Most
transglottic tumors are therefore glottic in origin,
being .classified as T3 because of cord fixation.

Consequently, a high percentage of cases will be

correctly identified by loss of patency of the ventri-
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Fig 4. Several rows of cancer cells (arrows) within collagen
bundles approaching cartilage of thyroid lamina.

cle on coronal tomography although false positives
are common following radiotherapy from persistent
edema. Of more practical importance is the fre

quency with which framework invasion occurs in

proven transglottic tumors. Where histological evi
dence is available this may reach 75 % .11 However,
no patient in this series had penetration of the exter
nal perichondrium unless the tumor had already
escaped via the cricothyroid space or membrane.
Localized invasion of the thyroid lamina may also
occur in large supraglottic tumors and glottic le
sions with subglottic extension.

Failure to cure, except in extensive lesions with
disease outside the laryngeal framework, is primari
ly due to uncontrolled regional metastases when

surgery is wide-field total laryngectomy. Mittal et

al " found a total incidence of neck metastases in

transglottic carcinoma to be 45 % and, although
such estimates must relate to accuracy of interpreta
tion, they are similar to my own experience where
local tumor extent was verified. In such patients
failure to cure is not related to cartilage invasion
but to extralaryngeal spread, and regional or sys
temic metastases. Not surprisingly, it was not pos
sible to confirm from this study that cartilage invas
ion without extralaryngeal spread carried a better

prognosis than T4 lesions, because of the high inci
dence of regional lymph node metastases in both

groups. If anything this emphasizes the importance
of staging rather than comparing T levels. How
ever, the risk of tumor remaining within an appar
ently intact thyroid cartilage following horizontal
supraglottic laryngectomy is of significance. Con

sequently, the means by which carcinoma within
the paraglottic space enters the thyroid ala is of in
terest.

INVASION ROUTE

The investigations of Pittam and Carter!' have
explicitly described the varying role of osteoclasts in
the invasion of ossified and nonossified thyroid car-
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tilage. My own studies on the pattern of ossification fossa carcinoma and invasion of the arytenoid or

within the adult larynx have shown that almost cricoid cartilage.
every patient developing laryngeal cancer will al
ready have some degree of cartilage transformation
- calcification preceding ossification. Consequent
ly, the means by which tumor advancement pro
gresses is of less importance than its means of pene
trating the internal perichondrium. Large amounts
of tumor can be seen in close contact with the peri
chondrium or periosteum without evidence of pene
tration, whether the neoplasm be in the paraglottic
space or within the thyroid lamina. However, the
large number of sections available in this investiga
tion has supported the findings of Yeager and Ar
cher" showing the tumor to pass through the inter
nal perichondrium along collagen bundles exten

ding from the thyroarytenoideus muscles. Not sur

prisingly, these are frequently at the site of ossifica
tion since they represent areas of increased tension

(Fig 4).

Similar findings are seen in relation to pyriform

DISCUSSION

It appears probable that neoplastic invasion of
the thyroid cartilage occurs more frequently than
can be detected by present radiological techniques.
Histological evidence based upon examination of
serial-sectioned laryngectomy specimens confirms
that invasion may be expected in tumors sited at the
anterior commissure or paraglottic space. Although
spread within the ossified or partially ossified carti

lage may be extensive, prognosis is related to exten

sion outside the laryngeal framework. At the anteri
or commissure this occurs when subglottic extension
reaches the cricothyroid membrane. However, with

transglottic tumors, invasion of the thyroid is fre

quently associated with extralaryngeal spread via
the cricothyroid membrane or space, as well as a

high risk of regional lymph node metastases.

Thyroid cartilage invasion alone is therefore not in
dicative of a T4 grading.
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PARTIAL LARYNGECTOMY FOR TRANSGLOTTIC CANCERS

HUGH F. BILLER, MD

NEW YORK, NEW YORK

WILLIAM LAWSON, MD, DDS

A reconstructive procedure was utilized after three-quarter laryngectomy in five patients with transglottic cancers. The physiologic
reconstruction was successful in four of the five, and tumor control was 100 % in all of the patients. It is concluded that with proper selec
tion patients with transglottic cancers may survive after partial laryngeal surgery.

A transglottic carcinoma of the larynx is one that
crosses the ventricle to involve both the true and
false vocal cords. The origin of the tumor may be
glottic with superior extension, or from the supra
glottic larynx with inferior extension, or from with
in the ventricle with bidirectional spread superiorly
and inferiorly. The biologic behavior of this type of
tumor is characterized by submucosal infiltration of
the false cord, paraglottic space involvement, carti

lage invasion, and a 30 % to 40 % incidence of cervi
cal lymph node metastasis. In some cases the limited
mucosal extent of the tumor erroneously gives the

impression that a standard vertical partiallaryngec
tomy (hemilaryngectomy) will encompass the tu

mor. However, the recurrence rate following such a

procedure is 40 % to 50 % (unpublished data) .

1.2 Ex

planation for this high recurrence rate includes one

or more of the following: submucosal tumor at the
superior resection margin; tumor involvement of
the preepiglottic space, either by direct extension or

lymphatic spread; compromise laterally of the re

section by tumor in the paraglottic space; or inva
sion at the posterior incision of the thyroid lamina.

A partial laryngeal procedure that would obviate
most of these factors would combine a supraglottic
resection with a hemilaryngectomy (three-quarter
laryngectomy) .

This paper presents a technique of extended par
tiallaryngectomy (three-quarter laryngectomy) for
the management of select transglottic tumors.

INDICATIONS

Candidates for this procedure must be accurately
assessed for the extent of the laryngeal tumor. Indi
rect laryngoscopy, direct laryngoscopy, and cornpu
terized tomographic (CT) scans are utilized for pa
tient selection. The following criteria are required:
1) a tumor 2 em in diameter or less, 2) no evidence
of vocal cord fixation, 3) absence of subglottic ex

tension, 4) no involvement of the anterior commis

sure, 5) no evidence of cartilage invasion on CT

scan, and 6) no prior radiotherapy.

OPERATIVE PROCEDURE

Anesthesia is maintained through a tracheosto
my. A modified half-H incision is utilized if a radi
cal neck dissection is to be performed; otherwise a

transverse incision is made in the anterior neck. The
hyoid bone is skeletonized along its superior border,
from the contralateral lesser cornu to the ipsilateral
greater cornu. The strap muscles are sectioned at
the superior border of the thyroid cartilage. The
thyroid perichondrium is incised along the superior
border of the thyroid cartilage and is reflected in

feriorly to its lower border in the midline and on the
side of the lesion, and also partially on the contra
lateral side. The position of the anterior commissure
is determined by marking the junction of the lower
two thirds and the upper one third of the distance
from the base of the thyroid notch to the inferior
border in the midline. From this point a cartilage
cut is made to the midportion of the superior border
of the thyroid cartilage on the contralateral side.
Another cut is made inferiorly in the midline from
the anterior commissure point to the lower border
of the thyroid cartilage. A third cut is made verti

cally on the ipsilateral thyroid ala parallel and ap
proximately 11/2 ern anterior to its posterior border
(Fig 1A).

The pharynx is then entered through the vallec
ula. The epiglottis is grasped with a tenaculum and
the supraglottic resection is initiated on the contra

lateral side of the lesion. The aryepiglottic fold is
transected superior to the arytenoid and the false
cord is incised and separated from the true cord by
traversing the ventricle to the anterior commissure.
From this point, the resection is continued in

feriorly in the midline to the lower border of the
thyroid cartilage. The subglottis is then incised
from anterior to posterior along the superior border
of the cricoid cartilage. The cricoarytenoid joint is
disarticulated. The lateral glossoepiglottic ligament
on the ipsilateral side is then transected. The inter

arytenoid mucosa and interarytenoideus muscle are

divided. The mucosa overlying the superior aspect
of the arytenoid cartilage and the medial wall of the
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A B c o

Fig 1. Operative procedure and reconstruction technique. A) Cartilage cuts for extended p�rtiallaryngect?my. B) Posterior border
of thyroid cartilage pedicled on inferior constrictor and tailored for pseudocord reconstruction. C, D) Cartilage pseudocord secured
anteriorly (C) and posteriorly (D) with wire.

pyriform sinus is incised and the resection is com

pleted. The specimen includes the epiglottis, false
cords, one true cord and arytenoid, the adjacent
cartilage, the subglottis to the lower border of the
thyroid cartilage, and the paraglottic space to the
medial aspect of the pyriform sinus. A cricopharyn
geal myotomy is performed. Reconstruction of the
resected true vocal cord is initiated by mobilizing
the remaining posterior portion of the thyroid lami
na on the ipsilateral side. This is accomplished by
separation of the cricothyroid joint and mobilizing
the superior thyroid cornu superiorly. This segment
of thyroid cartilage, pedicled on the inferior con

strictor muscle, is used to replace the resected vocal
cord and arytenoid cartilage (Fig IB). Prior to se

curing the cartilage graft, a flap of mucosa from the
postarytenoid and pyriform sinus areas is mobil
ized. The cartilage graft is then trimmed, rotated
into position, and fixed by wiring it to the cartilage
at the anterior commissure anteriorly and to the
midcricoid posteriorly (Fig lC,D). Before the graft
is secured, the mucosal flap is used to cover the
superior and inferior surfaces of the cartilage graft.
The patient is lightened from anesthesia to ensure

that on adduction glottic closure occurs and on

abduction an adequate opening for respiration is

present. After insertion of the nasogastric feeding
tube, the pharyngostomy is closed. This is ac

complished by approximation of the base of tongue
to the perichondrium and transected strap muscles
with nonabsorbable sutures in a single layer. The
skin flaps are then closed in layers over suction
catheter drains and a dressing is applied.

RESULTS

This procedure has been performed on five pa
tients who have been followed for a minimum of 11/2
years (Table). All patients had a prior biopsy of in
vasive squamous cell carcinoma. There was evi
dence of decreased vocal cord mobility in three pa
tients, with normal cord motion in the other two

patients. The resection margins were microscop
ically negative for tumor in four patients and posi
tive in one patient. All patients were decannulated
and four of the five patients were able to swallow
without aspiration. Three of the five patients had
cervical lymph metastasis either at the time of sur

gery or postoperatively. No patient has had a recur

rence at the primary site and all patients are alive
and disease-free. A typical example of resected spec
imen is illustrated in Fig 2.

Complications. Persistent aspiration occurred in
an 82-year-old man who was operated on after a

full course of radiotherapy 12 months previously.
Postoperatively, the cartilage graft absorbed and,
although he could be decannulated, he required a

feeding gastrostomy. Five months postoperatively
he developed a cervical metastasis which was

treated by a radical neck dissection performed at

the UCLA Medical Center.

Delayed decannulation occurred in three patients.
In two patients it resulted from an edematous mu

cosal flap overlying the cartilaginous graft. After
laser excision of the redundant mucosa they could
be decannulated. The third patient had a histologi-

RESULTS OF OPERATION

Tumor Cord
Patients Age (yr) Size (em) Motion Nodes Margins Deeannulation Aspiration Survival (yr)

53 1.8 Normal 0 Negative 5 mo No 1'/2
2* 83 1.7 Diminished + Negative 3 wk Yes 1'/2
3t 48 2.0 Diminished 0 Positive 9 mo No 2
4 49 2.0 Normal + Negative 3 wk No 2
5 62 2.5 Diminished + Negative 5 mo No 2'/2

'Radiotherapy failure, delayed cervical metastasis, radical neck dissection 5 mo postoperative at UCLA Medical Center.

tPostoperative radiotherapy for microscopic positive margin at subglottis.
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not include the entire ipsilateral thyroid ala, and
the oncologic success of this series is questioned as

two of the eight patients developed local recurrence

within a short follow-up period.
The key to physiologic reconstruction is glottic

closure upon deglutition. There are two potential
solutions to achieving postoperative glottic compe
tence. The first is by reconstructing the resected vo

cal cord and arytenoid to create a rigid pseudocord
which extends to the midline. This allows the nor

mal vocal cord to abut the pseudocord on adduc
tion. The second is by collapsing the hemicricoid to
the midline, thereby decreasing the lumen, and al
lowing the remaining cord to obliterate the larynx
on adduction. The latter procedure has not yet
yielded a predictable result, but may have a place
in the future in selected cases.

Fig 2. Typical transglottic cancer specimen demonstrating
epiglottis, false cords, and right true cord with arytenoid.

cally positive margin at the subglottis and received
a full course of radiotherapy. Decannulation was

delayed for 9 months until the laryngeal edema sub
sided.

DISCUSSION

This operation extends the limits of the standard
partial laryngectomy. In analyzing a new conserva

tion procedure it is important to both critically as

sess the physiologic reconstruction as well as its on

cologic success. Previous attempts to expand the
standard supraglottic laryngectomy have failed
either functionally or oncologically. Ogura and
Dedo ' reported extending the horizontal and partial
laryngectomy inferiorly by performing a cordec

tomy in continuity with the supraglottic resection.
The adjacent thyroid cartilage, pedicled on the in
ner perichondrium, was then used to form a pseu
docord. This procedure allowed physiologic reha
bilitation but was oncologically inadequate except
when involvement of the true vocal cord was super
ficial. Sessions" reported a three-quarter laryngec
tomy with construction of the pseudocord with
muscle. Although the patient was initially able to

swallow, subsequent reabsorption of the muscle tis
sue resulted in aspiration requiring a permanent
gastrostomy. Friedman et al" reported a method of
reconstruction following an extended supraglottic
resection which utilized the contralateral superior
cornu of the thyroid cartilage. This resection did

The optimum reconstructive procedure must in
sure long-term survival of the pseudocord without
the occurrence of delayed absorption (Fig 3). The
reconstruction method employed in this series was

successful in four of five patients. The one physiolo
gic failure was the single patient who had received
prior radiotherapy to the larynx. Our experience
with this case and other patients undergoing laryn
geal reconstruction indicates that prior radiother
apy precludes consistent success with cartilage
grafts.

Postoperative radiotherapy does not appear to
have a detrimental effect on the reconstruction, ex

cept that delay in decannulation can be anticipated.
This procedure includes those areas of possible

transglottic tumor extension not encompassed by
the vertical partial laryngectomy (hemilaryngec
tomy). It ensures resection of tumor at the superior
aspect of the false cord, in the preepiglottic space,
and in the superior paraglottic space. However, this
procedure would violate the tumor margin in pa
tients with invasion of the thyroid cartilage extend
ing posteriorly to the posterior vertical cartilage
cut. This latter deficiency is more theoretical rather
than practical with careful case selection. This pro
cedure can also be utilized for epiglottic cancers

Fig 3. Postoperative glottis at 2'/2
years. A) Inspiration, B) phona
tion.
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which have extended inferiorly to involve the false had cartilage invasion; however, with tumors 2 ern

and true cords. or less, cartilage invasion did not occur. One can

therefore conclude that with proper case selection,
patients having significant cartilage invasion can be
eliminated and the procedure described herein
should achieve adequate tumor control. Although
the reported series is small it would appear that its

oncologic success was related to careful case selec
tion. Consequently it is concluded that selected
cases of transglottic cancers can be successfully
treated by partial laryngeal surgery rather than by
total laryngectomy .

CRITIQUE
The adoption of a new conservation procedure

for treatment of transglottic tumors must be criti

cally examined, as many of these lesions show high
ly aggressive biologic behavior, with cartilage inva
sion and deep penetration of the paraglottic space.
In a study of total laryngeal sections in 52 cases of
transglottic carcinoma with fixed cords, Kirchner
noted two significant factors: 6 60 % of these patients
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PATHWAYS AND PITFALLS IN PARTIAL LARYNGECTOMY

JOHN A. KIRCHNER, MD

NEW HAVEN, CONNECTICUT

Some 350 surgical specimens obtained at partial or total laryngectomy were photographed immediately after operation and processed
for study by serial section. Intralaryngeal barriers to the spread of cancer are demonstrated on one hand and pathways of infiltration and
destruction on the other. The following conclusions are based on these studies: two major elastic tissue barriers that influence the spread of
vocal cord cancer are the dense mass of connective tissue at the anterior commissure which prevents invasion of the thyroid cartilage until

very late, and the conus elasticus, under which vocal cord cancer may advance subglottically under the intact overlying mucosa. This con

ceals the actual extent of cancer below the glottis and is the usual cause of local recurrence after hemilaryngectomy. A large subglottic com

ponent of a glottic or transglottic cancer is sometimes associated with extension of disease within the cancellous interior of the thyroid ala or

cricoid ring under an intact mucosa. A large ventricle or saccule may harbor the bulk of a glottic cancer under an intact ventricular band.

Hemilaryngectomy is usually contraindicated once the extent of such a tumor is recognized. Removal of the hyoid bone is rarely necessary
at horizontal supraglottic partial laryngectomy. Its preservation facilitates postoperative deglutition. Partial laryngectomy should not be

attempted for pyriform sinus cancer if inspection reveals involvement of the apex.

Successful resection of laryngeal cancer by partial
laryngectomy depends primarily on precise knowl
edge of the tumor's location before the first incision
is made into the soft tissue or into the laryngeal
framework. Granted that computerized tomogra
phy (CT) can supply information on deep invasion
of the laryngeal soft tissues in many cases, the tech

nique is not entirely reliable for identifying invasion
of the thyroid and cricoid cartilages because of the
many unpredictable variations in ossification pat
terns within the laryngeal framework. 1

Although there are many modifications and ex-

tensions of the two basic types of partial laryngec
tomy (vertical and horizontal) they all share two com

mon approaches to resection of the tumor: 1) inci
sion of the laryngeal soft tissues, and 2) incision

through the framework, ie, the thyroid and cricoid
cartilages. For this reason the surgeon must know 1)
how likely the cancer is to have spread under an in
tact mucosal surface, and 2) to what extent the lar
yngeal framework is invaded by cancer.

GLOTTIC CANCER

T1 and T2 lesions of the true cord present no real

Fig 1. Vocal cord cancer extend
ing subglottically under conus

elasticus (CE, arrow) and intact
mucous membrane.
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problem in treatment except in the ongoing debate
on laser versus conventional surgery versus radio
therapy. Most T3 glottic lesions should be treated

by total laryngectomy . Small lesions associated with
a fixed vocal cord, ie, those that do not extend
below the level of the inferior edge of the thyoid ala
or 1 em below the level of the glottis, can occa

sionally be removed by hemilaryngectomy. In such
cases the most frequent site of local recurrence is

subglottic, along the inferior margin of resection. A

danger signal is the bulge sometimes seen on tomog
raphy in the subglottic area. This usually represents
spread of cancer under the conus elasticus, with
cancer tending to escape the larynx through the

cricothyroid membrane. It is this type of lesion that
has produced most of the recurrences after hemilar

yngectomy in my own patients and in those referred
by other surgeons (Fig 1) .

Invasion of the thyroid ala nearly always begins
in the ossified portion, ie, its lower edge." It is only
in the later stages of invasion that the unossified

parts of the laryngeal framework are attacked and

destroyed. For this reason CT scans should be exam

ined with particular care along the lower edge of
the thyroid cartilage and upper edge of the cricoid.
Areas of questionable invasion more cephalad in the

laryngeal framework probably represent random
variations in the ossification pattern if the lower

edge of the thyroid cartilage is intact.

ANTERIOR COMMISSURE

The dense homogeneous connective tissue at the
level of the upper surface of the vocal cords at their
anterior attachment to the thyroid cartilage acts as

a barrier to the deep invasion of cancer at this point
(Fig 2).3-5 Cancer that remains confined to the level
of the glottis at the anterior commissure has not in
vaded the laryngeal framework in anyone of 12

Fig 2. Tla cancer at anterior end
of true cord. Forward growth is
limited by dense mass of connec

tive tissue (arrow). Tlb lesions
also respect this barrier, which is
located along superior aspect of
true cord, inserting below anterior
commissure tendon.

specimens removed by partial or total laryngectomy
and examined by serial sections. This group in
cludes mainly T1 b glottic lesions.

On the other hand, the most destructive type of
lesion at the anterior commissure is the one that
shows grossly identifiable tumor extending upward
onto the base of the epiglottis (Fig 3). These lesions
are usually ulcerative and have invaded the laryn
geal framework in 11 of 12 such tumors examined
by section. The one exception was in the larynx of a

woman.

Fig 3. Grossly identifiable tumor above and below level of
anterior commissure. In 12 such lesions in our collection,
underlying thyroid cartilage has been invaded and de

stroyed in 11.



Fig 4. Ventricular cancer. Ven
tricular band is uninvolved by
cancer and appeared on indirect

laryngoscopy as smooth bulge. Ex
tent of ventricle (V) in this speci
men suggests cancer in laryngocele
(arrow).
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Cancer originating in a laryngocele has been re

ported by Micheau and associates" but is rare in our

experience. It may, however, be the source of con

siderable confusion in arriving at a diagnosis. Most
of the tumor may be covered by the uninvolved ven

tricular band so that it is inaccessible to biopsy. In
our collection of 71 glottic lesions there were only
three in which the major part of the cancer was

found high in the saccule covered by the normal
mucosa of the ventricular band (Fig 4).

SUPRAGLOTTIC CANCER

A large lesion limited to the ventricular band is
often overtreated at operation, mainly because the
lower edge is difficult to identify, creating the im

pression that the growth has crossed the ventricle
and become transglottic. This is particularly true
when the true cord cannot be seen by indirect or

even by direct laryngoscopy (Fig 5A). The preoper
ative examination failed to expose the true vocal
cord so that the lesion was treated by total lar
yngectomy. Histologic sections revealed the totally
supralottic nature of the growth, with a ventricle
completely free of tumor (Fig 5B). The lesion could
probably have been resected by horizontal supra
glottic laryngectomy. Our histologic studies of supra
glottic cancer indicate the following:

1. So long as inspection reveals that the ventric
ular recess is free of gross tumor, the microscopic
margin of resection is secure when horizontal supra
glottic laryngectomy is performed.

2. Supraglottic cancer has not invaded the thy
roid cartilage in anyone of 63 cases we have exam

ined by serial section. The conventional saw cut

made in the thyroid ala is therefore oncologically
sound."

3. Resection of the hyoid bone is rarely necessary

even with preepiglottic space invasion. Preservation
of the hyoid provides a secure means of anchoring
the laryngeal remnant to the base of the tongue and
facilitates postoperative deglutition. In only two of
the 63 supraglottic lesions in our collection has
cancer approached the hyoid bone closely enough to

require its removal. In both of these cases the tumor

was palpable through the soft tissue immediately
adjacent to the hyoid bone when the skin flap was

raised. In the remaining cases a safe margin existed
between the advancing edge of the tumor in the

preepiglottic space and the inner surface of the hy
oid bone (Fig 6). In most horizontal supraglottic
laryngectomies, therefore, the preepiglottic tissue
can safely be separated from the hyoid bone as the
tumor is being removed.

TRANSGLOTTIC CANCER

Two potential pitfalls await the surgeon who at

tacks a T3 transglottic cancer by partial laryngec
tomy. First, the cancer will have extended through
the thyroid or cricoid cartilage in over 75 % of le
sions whose surface presentation measures 3 ern or

more," and second, cancer may infiltrate the ossi
fied portion of the thyroid cartilage beyond the
limit of visible tumor. 6 In some cases the laryngeal
framework is invaded under intact mucosa and
uninvolved soft tissues on the side of the larynx op
posite the visible lesion. Figure 7 illustrates this type
of infiltration. It was found in five of our 42 trans

glottic lesions that invaded the framework and in
three of 11 glottic-subglottic lesions that showed in
vasion at some point. This type of infiltration
within the cancellous substance of the ossified
thyroid ala and cricoid ring supports the concept
advanced by Yeager and Archer that it is the
perichondrium rather than cartilage or bone that
acts as the primary barrier. 9
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Fig 5. T2 supraglottic lesion. A) Tumor overhanging true

cord, which was not identified by preoperative laryngos
copy, resulting in T3 staging of lesion and totallaryngec
tomy. B) Coronal section showing true cord completely
free of tumor, so that horizontal supraglottic laryngectomy
would probably have sufficed. Bx - biopsy site (postoper
ative).

Once the cancer infiltrated the ossified portions
of the laryngeal framework in these eight speci
mens, it continued to advance under an intact peri
chondrium.

The obvious question that arises is whether there
is any method of anticipating this type of infiltra
tion preoperatively, either by surface presentation,
degree of cellular differentiation on biopsy, ana-

Fig 6. Midsagittal section of large lesion at base of epiglot
tis extending into preepiglottic space. Growth under val
lecula approaching base of tongue is most ominous feature
of such lesions (arrow). Tumor-free space usually present
between "pushing" edge of tumor and deep surface of hy
oid bone (H) allows preservation of latter structure in near

ly all cases. AC - anterior commissure.

tomic location, or by CT scan. Of the eight patients
whose surgical specimens exhibited this type of in

vasion, none had been previously treated by radia
tion therapy. Radiotherapy may allow healing of
the surface in some tumors while nests of cancer re

main in the underlying tissues, but this presents a

different problem and is beyond the scope of the
present report:

Computerized tomographic scanning might re

veal infiltration in the case of large tumors, but it is
with the smaller lesions for which partiallaryngec
tomy is being considered that the surgeon needs this
type of information before operating. And since os

sification patterns are not completely symmetrical
on the two sides of the larynx, CT scanning would
not be completely reliable in detecting small areas

of infiltration between the inner and outer layers of
perichondrium.

Cellular differentiation was not reported in three



Fig 7. Coronal section of trans

glottic cancer showing invasion of
lower half of thyroid cartilage un

der tumor (X). The striking and
unexpected feature of this section,
however, is infiltration by cancer

of lower third of thyroid cartilage
(arrow) on side of larynx opposite
visible tumor. Soft tissue and mu

cous membranes over this area of
infiltration are intact and free of
tumor.

r
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subglottic tumor identifiable preoperatively by in

spection or radiography.
SUPRAGLOTTIC CANCER

Invasion of the thyroid ala has not been observed
in any of our 63 supraglottic cancers.

PYRIFORM SINUS

Partial laryngectomy should not be attempted for
cancer involving the apex of the pyriform sinus. In
vasion of the posterior and inferior edges of the thy
roid cartilage and upper edge of the cricoid occurs

in over half such cases, thus precluding a safe cut in
to the thyroid ala. 2.10
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VOICE PRESERVATION IN PYRIFORM SINUS CARCINOMA
BY HEMICRICOLARYNGOPHARYNGECTOMY

YOSEF P. KRESPI, MD

CHICAGO, ILLINOIS

GEORGE A. SISSON, MD

Hemicricolaryngopharyngectomy was performed for anterior pyriform sinus carcinomas with preservation of voice and swallowing.
The surgical specimen includes the homolateral half of the hypopharynx, larynx, and cricoid ring. The pharynx is reconstructed with a pec
toralis myocutaneous flap, a deltopectoral flap, skin or dermal graft. A semirigid mucosa-lined speech tube is created by folding in the re

maining half ofthe larynx. This tube, which is 4 to 5 mm in diameter, serves as a phonatory structure. Speech is produced by occluding the
stoma with the finger and shunting air via this dynamic pseudolarynx. Patients maintain a permanent tracheostomy. Our experience in
cludes 14 cases with up to 4-year follow-up.

The pyriform sinuses are located on both sides of
the larynx, surrounded by the thyroid cartilages lat

erally, arytenoids, aryepiglottic folds, and the cri
coid medially. Malignant tumors arising in the an

terior portion of the pyriform sinus will involve the

larynx quite early because of the very close anatom

icallocation. Total laryngectomy is usually recom

mended in order to facilitate tumor ablation and
swallowing without aspiration.

Treatment of pyriform sinus carcinoma should
combine surgery and radiation. 1.2 While in the past
radiation therapy has been given before surgery,
the trend is now toward postoperative treatment,"
because preoperative irradiation may impair the
surgeon's ability to determine adequate resection

margins and may complicate wound-healing signi
ficantly. Radiation therapy has been very effective
in controlling subclinical neck nodes and local re

currences, and therefore must be given to patients
with hypopharyngeal carcinomas postoperatively. 4

Limited lesions involving the lateral and poste
rior walls of the hypopharynx can be removed via
anterior or anterolateral pharyngotomy. The endo
laryngeal framework is not disturbed; only a por
tion of the hyoid and thyroid cartilages are removed
to gain surgical exposure. In contrast, anterior and
medial pyriform sinus lesions have required re

moval of the larynx and the adjacent hypopha
ryngeal mucosa with the tumor. 5

Conventional extended supraglottic laryngec
tomy may be oncologically unsafe for anterior pyri
form sinus and aryepiglottic fold lesions with pha
ryngeal extension (marginal lesions). Supraglottic
laryngectomy requires preservation of the cricoid

ring. Therefore, in order to obtain an inferior mar

gin one has to strip the pharyngeal mucosa off the
cricoid and avoid en bloc resection. Total laryn-

gectomy needlessly sacrifices the normal and func
tional contralateral vocal cord and arytenoid. With

respect to cancer excision for T2 and some T3 le

sions, the partial horizontal laryngectomy removes

too little, and total laryngectomy too much. In a

partial laryngectomy the cricoid is preserved to per
mit decannulation; however, this is not essential for
voice. It appears that partial-laryngectomies strug
gle to preserve both voice and nasal-oral breathing,
while total laryngectomy sacrifices both.

Bemicricolaryngopharyngectomy (BCL) for an

terior pyriform sinus carcinoma is oncologically safe
and an adequate, modifed conservation procedure.
Swallowing and speech are retained by reconstruct

ing the pharynx and remodeling the remaining lar
ynx.

SURGICAL TECHNIQUE
Radical or modified neck dissection is performed

before exploring the laryngopharynx. Modified
neck dissection is reserved for those cases without

palpable nodes before surgery. Patients with palpa
ble neck nodes are treated with standard radical
neck dissection. The neck specimen is left attached
to the primary pharyngeal specimen along with the .

ipsilateral half of the larynx. Wide exposure is

gained, via anterior pharyngotomy, separating the

infrahyoid muscles from the body of the hyoid and

entering the pharynx at the level of the vallecula.
The tumor is inspected and if the lesion is suitable
for BCL, the strap muscles are separated in the
midline and the thyroid cartilage, the cricoid, and
tracheal rings are exposed. A permanent tracheos- .

tomy is performed at the level of the third or oc

casionally the fourth ring by suturing the neck skin
into the tracheostoma. The strap muscles on the side
of' the lesion are reflected inferolaterally and in
cluded with the surgical specimen. The perichon-
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Fig 1. Surgical technique. A) Anterior limits of resection. B) Posterior limits of resection. C) Splitting of cricoid in midline posterior
ly, and res�ction of tumor with adequate margins. D,E) Formation of mucosal tube by partially elevating mucosa anteriorly (D),
and post�norly (E) ..F) Mucosal tube completed: Note small catheter used for temporary stenting. G) Reconstruction of pharyngeal
defect With pectoralis myocutaneous flap. H) Skin graft reconstruction of pharynx over pharyngeal stent (arrow). I) Closure of phar
ynx with skin graft. J) Pharyngeal reconstruction with deltopectoral flap.

drium of the thyroid cartilage is incised in the mid
line and elevated on both sides. The oscillating saw

i� used to split the thyroid and cricoid cartilages in
the midline (Fig lA). The laryngeal mucosa is in
cised in the midline and the incision is extended lat
erally through the membrane between the first tra
cheal ring and the cricoid on the side of the lesion.
Posteriorly, the larynx is divided in the midline,
starting at the interarytenoid area and splitting the
cricoid ring in half (Fig IB). The pharyngeal extent

of the tumor is excised with adequate mucosal mar

gins (Fig 1 C). This excision includes the tumor with
the ipsilateral half' of the larynx, cricoid, and

hypopharynx en bloc (BeL).

The contralateral hemilarynx is then used to cre

ate a semirigid speech tube. The mucosa is partially
elevated from the laryngeal cartilages and the free

edges of the mucosa sutured in order to form a carti

lage-supported tube (Fig ID,E). A heavy silk suture
of a no. 10 French rubber catheter is left in this tube

as a stent and extruded from the nose and through
the tracheostoma (Fig IF).

It is essential to resurface the hemipharynx with
skin grafts or flaps in order to avoid pharyngeal
stenosis. In the majority of our cases the pharynx
was reconstructed with a pectoralis myocutaneous
flap (Fig 1 G). Alternatively, a split-thickness skin
graft, dermal graft (Fig IB,I), or deltopectoral flap
may be used (Fig IJ). We prefer one-stage immedi
ate reconstruction of the hypopharynx with a pec
toralis myocutaneous flap. Female patients with
significant breast tissue or very muscular, obese
male patients are not considered ideal candidates
for myocutaneous flap reconstruction due to the
bulkiness of the flap. In those patients, a skin graft
or a deltopectoral flap is used for reconstruction.
When the deltopectoral flap is used a secondary clo
sure of the controlled pharyngostoma is required 3
weeks later.

This operation is suitable only for limited lesions
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of the pyriform sinus involving its anteromedial
and/or anterolateral walls. A modification of this
surgical procedure was introduced by Pearson and
Hartman" for transglottic carcinoma of the
hemilarynx.

Contraindications for this surgical procedure are

1) tumor extension to the cricopharyngeal region or

pyriform apex, 2) tumor approaching to midline
posteriorly that will make the interarytenoid cut

oncol'ogically unsafe, 3) presence of bilateral pal
pable neck nodes, and 4) persistent or recurrent tu

mor after irradiation.

Tumors extending to the pyriform apex are not

suitable for this operation since the pyriform apex
does not have a safe cartilaginous barrier to prevent
tumor crossing the midline. Therefore, the tumor

may extend to the contralateral pharyngeal wall by
submucosal infiltration. We recommend total lar
yngopharyngoesophagectomy and gastric pull-up
for tumors that extend to the pyriform apex and cri

copharyngeus. Bilateral or contralateral palpable
neck metastasis will indicate stage IV disease and
we do not advise conservative surgery. Due to the
extent of the tumor-lymphatic spread in these cases,
we recommend total laryngopharyngectomy andbi
lateral neck dissection (modified in one side) fol
lowed with postoperative irradiation. This opera
tion is also not recommended as a salvage procedure
in radiation failures for several reasons: a) persist
ent or recurrent tumors after radiation may extend
beyondthe limits of the surgical resection in a sub
clinical way, and b) the remaining half of the lar
ynx may present healing problems due to poor vas

cularity and/or radionecrosis of the cartilages. Since
these patients have failed one treatment modality,
aggressive surgery like total laryngopharyngectomy
is recommended.

RESULTS

Fourteen patients underwent HCL for pyriform
sinus cancer in the last 4 years. Six patients had one

or two courses of preoperative chemotherapy using
cisplatin and 5-fluorouracil. The chemotherapy
was started after endoscopic tatoo and mapping.
Twelve patients underwent postoperative full
course radiation therapy to the primary site and

Fig 2. A-C) Examples of surgical
specimens after HCL.

both sides of the neck. Six patients had palpable
ipsilateral neck nodes before treatment and under
went radical neck dissection. Eight patients without
palpable neck nodes were treated with modified
neck dissection. (Patients with bilateral neck nodes
did not qualify for this operation and were treated
with total laryngopharyngectomy, ipsilateral radi
cal neck dissection, and contralateral modified neck
dissection.) Laryngeal reconstruction and creation
of a dynamic speech tube was performed as de
scribed above in all patients. In one patient, laryn
geal suture line dehiscence occurred and he under
went total laryngectomy in order to prevent persis
tent aspiration. Thirteen patients had normal de
glutition without radiographic evidence of aspira
tion. Ten patients with immediate pharyngeal re

construction resumed oral feedings within 2 weeks
postoperatively. Voice was preserved in 13 patients.
The semirigid laryngeal speech tube remained open
without stenosis or obstruction in 11 patients. In
two patients the speech tube required intermittent
dilatation and stenting to relieve temporary ob
struction. All patients were obligate tracheostomes;
none were decannulated. Voice was produced with
or without the tracheostomy tube in place.

Pharyngeal reconstruction was performed as fol
lows. Eight patients underwent immediate one

stage reconstruction with pectoralis myocutaneous
flap. Three patients underwent skin or dermal graft
reconstruction and placement of pharyngeal sterit
for seven days. Two patients underwent deltopec
toral flap reconstruction and staged reconstruction.
One patient had a controlled pharyngostoma and

delayed reconstruction using local skin flaps. All
surgical margins were free of tumor (Fig 2). Follow
up is from 6 months to 4 years, with a mean of 21
months. No local recurrence was noted at the pri
mary site or at the neck in any of our patients. Ten

patients are alive and well at present. Two patients
died, one from primary lung cancer and the other
from stomach cancer 15 months and 2 years after
surgery, respectively. Autopsy was performed on

one patient, and there was no evidence of cancer in
the head and neck. One patient is alive with lung
metastasis and receiving weekly chemotherapy.
One patient was, lost to follow-up 5 months after
surgery (Table).
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Operation and Follow-Up Data Patients (n = 14)
Operation

Voice preservation 13 (93%)
Decannulation 0

Preoperative chemotherapy 6

Postoperative radiation therapy 12

Reconstruction
With pectoralis myocutaneous flap 8
With deltopectoral flap 2

With skin flap 3
Controlled pharyngostoma

Follow-up data

Alive, no evidence of disease 10 (70%)
Died from other causes 2

Alive with disease
Lost to follow-up
'Follow-up period ranged from 6 months to 4 years, median 21 months.

DISCUSSION

Horn? indicated that at least one third of laryn
gectomees responding to a poll were unable to uti
lize esophageal speech. This might be an optimistic
figure, since King and coworkers' report" on 138

laryngectomized veterans indicates only 43 % ac

quired esophageal speech. Whatever the true inci

dence, most patients without esophageal speech do
remain handicapped.

The fact that voice can be produced by connec

ting the trachea ·to the hypopharynx was observed
nearly a century ago. Since then multiple proce
dures have been performed to restore voice in post
laryngectomy patients.r'" These tracheopharyngeal
shunts or fistulas are associated with multiple prob
lems. Patients with fistulas of sufficient caliber to

allow satisfactory speech often have annoying aspir
ation problems and can have pulmonary complica
tions; many fistulas small enough to prevent this

problem are too tight to permit speech. In general,
patients do not like prostheses or artificial splints at

tached to the body if they have a choice.

In recent years endoscopic puncture of the hypo
pharynx at the superior aspect of the laryngostoma
and insertion of the prosthetic valve has been popu
larized by Singer and Blom " and Panje.12 The suc

cess rate in these secondary neoglottic operations
varies between 60 % to 70 % from one center to

another.

Pearson and Hartman" attempted to combine pri-'
mary cancer surgery with a method of reconstruc

tion to achieve the most intelligible and natural
voice, at the same time avoiding the prospects of

aspiration and stenosis. In this extended hemilaryn
gectomy, performed for transglottic cancers, the
ipsilateral arytenoid and half of the cricoid ring are

removed. The remaining hemilarynx is recon

structed by rotating a hypopharyngeal mucosal
flap. This "myomucosal" speech tube supported by
cartilage allows immediate postoperative voice but
does not permit decannulation.

Ogura and coworkers'v!" presented the extended
supraglottic laryngectomy for lesions of the medial
and lateral walls of the pyriform sinus. They stressed
the importance of delineating the inferior extent of
the lesion by employing direct laryngoscopy. Tu
mor invasion of the pyriform apex and postcricoid
area were considered contraindications for this con

servation operation. 15

In our experience, adequate cancer resection in
T2 and T3 pyriform sinus lesions is compatible with

preservation of the contralateral half of the larynx.
Examination of total laryngectomy specimens will
show that anterior pyriform sinus lesions may in
vade only portions of the homolateral hemilarynx
between the thyroid and cricoid cartilages. The
contralateral half of the larynx is usually free of dis
ease and this portion is removed only for completion
of total laryngectomy - thereby separating the air

way from the food passage - and not for the pur
pose of obtaining tumor-free margins.

The HCL with creation of a semirigid mucosal
tube permits resection with tumor-free margins,
swallowing without aspiration, and excellent voice
when the tracheostoma is occluded. Since the inner
vation and integrity of the contralateral vocal cord
and arytenoid are intact, the postsurgical voice has
been excellent due to vibrations within the speech
tube. Aspiration is unlikely since this dynamic
speech tube is narrow (4 to 5 mm), long (4 to 6 ern) ,

and also contains a mobile vocal cord and arytenoid
which acts as a sphincter. Stricture or obstruction is

usually unlikely since this tube is supported by a

cartilaginous framework and is lined with laryngeal
mucosa. In contrast to Pearson and Hartman's" ob
servation, we found that the preserved endolaryn
geal mucosal strip is sufficient to form a tube, and
that a tube measuring 4 to 5 mm in diameter is ade
quate for speech. Therefore, a pharyngeal flap is
not necessary and HCL can be performed with pres
ervation of swallowing and speech. We elected to
call this procedure a modified conservation opera
tion because it sacrifices the normal nasal-oral air

way as compared with standard conservation pro
cedures of the larynx, while preserving voice and
permitting decannulation.
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This study attempts to obtain a data base of objective information on the phonatory characteristics of the partially ablated larynx.
Twenty patients who had previously undergone partial laryngectomy with glottic reconstruction underwent videolaryngoscopy. The
visualizations obtained revealed that the mechanism of voice production was due in part to sphincterization and compensatory hyper
trophy of glottic and supraglottic remnants. Aerodynamic and phonatory function tests together with acoustical and perceived voice quali
ty analyses of these partially ablated larynges tend to corroborate the videotape impressions in many instances. However, data ac

cumulated thus far only reveal trends that cannot yet be subjected to definitive interpretations. With the incorporation of other methods of
evaluation, augmented by the inclusion of more patient material, it is hoped that the information obtained can be used to improve
reconstructive techniques, monitor surgical results, and enhance methods of voice rehabilitation in these patients.

INTRODUCTION

Much has been written and debated over the years
concerning the pros and cons of conservation sur

gery of the larynx, a noble attempt to preserve voice
in the face of the ravages of carcinoma. Yet, in the
literature there exists little information concerning
the actual factors responsible for voice production
in these patients. Recent reports have correctly ad
vocated that the development of more objective
means of evaluating abnormal phonatory charac
teristics would lead to improvements in therapeutic
planning and treatment and optimum evaluation of
results. 1-3

This study was undertaken as a preliminary at

tempt to objectively evaluate voicing mechanisms
in the partially ablated larynx, with the hope that
the information obtained might have future impact
on the development of improved methods of recon

structive surgery and of speech rehabilitation ther
apy following partial laryngectomy.

It is axiomatic that the primary impetus for la

ryngeal conservation surgery is preservation of
voice, since respiration and deglutition are pre
served even in total laryngectomy. The natural
history of glottic carcinoma, in association with

compartmentalization of the larynx, allows for
close surgical margins without compromising well

proven principles of cancer surgery.
4 These factors

have contributed over the years to the development
of operative procedures appropriate for use in the
management of these lesions.>" If patients are judi
ciously selected for conservation surgery of the lar
ynx, curability of glottic carcinoma compares favor-

ably with results obtained either by totallaryngec
tomy or by radiation therapy. These operations
allow for the preservation of laryngeal function,
that is, phonation, respiration, and deglutition, and
have, in our view, vindicated the concept and use of

laryngeal conservation surgical procedures.

Since partial laryngeal surgery often results in

varying degrees of postoperative aspiration, factors
such as age, general physical condition, and pulmo
nary and cardiovascular reserve are carefully evalu
ated prior to surgery. In order to minimize postop
erative aspiration, various glottic reconstructive

procedures have been developed for replacing all or

a portion of the tissues removed at surgery.
8-13 In

carefully selected patients, these techniques allow
for an expansion of the indications for this type of

surgery to include individuals previously thought to
be unacceptable risks. Additionally, although not al
ways predictable, enhancement of voice due to tis
sue bulk provided by the reconstruction is achieved.

Laryngeal stenosis, a serious complication in the

past, has largely been obviated because of mucosal
resurfacing provided by these reconstructions.

The use of the fiberoptic endoscope with attached
video camera and monitor is an acceptable method
for the visual analysis of these larynges. 14-16 The ex

amination is performed in a more natural setting
when compared with either direct or indirect laryn
goscopy, since there exists no fixation of the tongue
or laryngeal structures to alter laryngeal mechanics.
The practitioner, speech pathologist, and voice sci
entist are thus afforded the opportunity of review

ing the findings on repeated occasions without the
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need for subjecting the patient to additional pro- allowed to reepithelialize by secondary intention. Of the Tla le-

cedures. sions, two were reconstructed using the musculoplasty technique, 10

and in another an adjacent flap of intrinsic muscle was used. The
final patient was not reconstructed.

Anterior Commissure Technique. Four patients (all men), one

of whom was classified T2 and three of whom had Tlb lesions all

involving the anterior commissure, underwent the anterior com

missure technique. The time elapsed from surgery was 3 to 5

years. Three patients were reconstructed using local cervical full
thickness skin flaps," and one was allowed to heal by secondary in
tention using an implanted keel at the anterior commissure. 7 One

patient, with marked kyphoscoliosis and chronic pulmonary dis
ease, developed a lung abscess postoperatively which was treated

successfully with antibiotics, postural drainage, and other suppor
tive means. The individual with the T2 lesion required an exten

sive resection of the interior of the larynx, including both true and
false cords, and was found to have close margins on frozen sec

tion. Because of this he underwent full-dose postoperative radia
tion therapy.

Means of obtaining objective assessments of
phonatory activity include a wide battery of exami
nations for the measurement of aerodynamic and
acoustic characteristics. As aerodynamic tests,
mean airflow rate during phonation (MFR) and
maximal phonation time (MPT) are the most popu
lar and usefulY Acoustical analyses include sound
spectrographic analysis, 18.19 perturbation analysis of
fundamental frequency and amplitude,20-24 and
signal-to-noise ratio.25.26

In this investigation we have attempted to com

pare visual impressions of voicing using the flexible
fiberscope with objective measurements of acousti
cal activity, phonatory function, and aerodynamic
measurements as determined by fundamental fre

quency (Fo) , frequency range of voice, MFR, and
MPT.

MATERIAL

Twenty patients were examined in this study. All had previously
undergone vertical hemilaryngectomy with or without arytenoid
ectomy or the anterior commissure technique. All operations were

carried out by the same surgeon (SMB). Since these larynges are

relatively unstable postoperatively, it was felt that an interval of 1

year would allow for optimum healing and for compensatory
changes to occur sufficient to influence laryngeal mechanics. For
this reason, patients less than 12 months postoperative were ex

cluded from this series; the time elapsed from surgery varied from
1 to 9 years.

Nine lesions were classified as T2 glottic cancers, one of which
was an irradiation failure. Six were Tla lesions, of which one was

an irradiation failure, and there were five Tlb lesions. The Tla
lesions involved the arytenoid cartilage, and the Tlb lesions tra

versed the anterior commissure. For this reason, surgery was se

lected in preference to radiation therapy. There were 17 men and
three women whose vocal dynamics and laryngeal mechanics
were studied.

SURGICAL TECHNIQUES AND TYPES OF
RECONSTRUCTION

Hemilaryngectomy with Arutenoidectomu. Ten men, eight of
whom had T2 lesions and two of whom were classified as Tla,
underwent vertical hemilaryngectomy with arytenoidectomy and

single-stage glottic reconstruction using the arytenoid replace
ment procedure. 12 This involved excision of a portion of the con

tralateral anterior true cord, the ipsilateral larynx from the supe
rior border of the cricoid cartilage to the cephalic aspect of the
false cord, and included the entire arytenoid cartilage. The surgi
cal procedure removed the anterior aspect of the contralateral

thyroid ala and included the entire ipsilateral portion. A segment
of the posterior aspect of the thyroid cartilage with attached infe
rior constrictor muscle was sutured to the rostrum of the cricoid as

a compound pedicle flap to replace the arytenoid. The tissue bed
thus created was resurfaced with an advancement flap of post
arytenoid and adjacent pyriform sinus mucosa.

S 8

Hemilaryngectomy without Arytenoidectomy. Six patients,
three women and three men, all of whom were classified as hav

ing Tl glottic carcinomas, underwent vertical hemilaryngectomy
without arytenoidectomy. The time elapsed from surgery was

from 1 to 7 years. Four patients had lesions that extended to the
vocal process of the arytenoid (Tla) and the other two patients
had lesions that extended to the anterior commissure (Tlb). The
Tlb lesions were operated using the frontolateral technique; one

was not reconstructed at all, and in the other, a radiation failure,
a local intrinsic muscle repair with insertion of a keel was utilized
and retained for 6 weeks. The laryngeal mucous membrane was

METHODS

Flexible Endoscopy. The Machida flexible fiberscope (model
ENT-US-25) with Storz xenon light source (fountain model 487C)
and attached video camera (Medivision model 5100 2.5-cm [Lin]
color camera) and television monitor were utilized in this study.
The fiberscope and camera were balanced for easy manipulation
by the examiner through the use of an articulated boom with

counterweight. Anterior rhinoscopy was performed to establish
which nasal cavity was most appropriate for passage of the instru
ment. The nasal cavity was sprayed with topical anesthetic and
the scope was passed into the laryngeal vestibule. When the scope
was properly positioned, the camera was attached and videolar
yngoscopy performed.

Videotapes were compiled and prepared for review by the staff
of the Vocal Dynamics Laboratory. In viewing the tapes the ex

aminers attempted to be as objective as possible in evaluating the
results. Each case was presented from the standpoint both of the
method of surgical excision and the type of reconstruction.

The primary goal of the videotape evaluations was to determine
gross impressions of laryngeal mechanics in each case. Since it was

felt that these perceptual findings were subject to error in interpre
tation, only the broadest of terms were applied to the findings. In
effect, we were interested in learning whether voicing was basic
ally or predominantly glottic with a supraglottic component, or

basically or predominantly supraglottic with a glottic component.

Aerodynamic Studies and Phonatory Function Tests. Mean air
flow rate during phonation and MPT were carried out as aerody
namic and phonatory function tests.3.17 The MFR is a good indi
cator of the condition of glottic closure, ie, MFR is high in unilat
eral recurrent nerve paralysis due to poor glottic closure and cor

respondingly low in spastic dysphonia due to hyperfunction of the
glottis. Our intention was to use the MFR as an indicator of glot
tic closure in the partially ablated, reconstructed larynx. The ex

amination was carried out using a spirometer. The MPT, on the
other hand, is an important factor in daily conversation. To some

degree, it is a measure of glottic efficiency and is greatly influenced
by the vital capacity. Patients were asked to hold I al in a natural
speaking voice for as long as possible while being timed. Vital
capacity was determined using a spirometer and percentage of
predicted volume was calculated by standard means.

Acoustic and Perceived Voice Quality Analysis. The voice of
each patient was recorded in a soundproof booth, using a micro

phone (Electrovoice model 666) and an open-reel tape recorder
(Otari MX 5050). Each voice sample included the sustained pho
nation of the five vowels, lal, lei, Iii, 101, lui, in the natural
speaking voice and a reading of the rainbow passage. In addition,
maximum frequency range was determined using phonation of
the vowel I al .

To determine fundamental frequency of I al phonation and fre
quency range of voice, sound spectrographic analysis was carried
out using the Kay Sona-Craph, model 6061-B. Amount of noise
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TABLE 1. VOICE ANALYSES OF PARTIAL LARYNGECTOMEES
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Time Predicted
Tumor Interval % Vital MFR MPT

Case Age Sex Class Reconstruction (y_r2 Visual Impression Capacity_ (cc/s2 (s2
Hemilaryngectomy with arytenoidectomy

l*t 66 M T2 Aryt repl mucosal flap 4 Glottic and supraglottic 62 296 5
2 63 M T2 Aryt repl mucosal flap 4 Glottic and supraglottic 84 262 14

3§ 50 M T2 Aryt repl mucosal flap 2 Glottic and supraglottic 87 222 10
4 73 M T2 Aryt repl mucosal flap 9 Predominantly supraglot- 93 252 12

tic and glottic
5 59 M T2 Aryt repl mucosal flap 4 Glottic and supraglottic 68 164 13
6 51 M T2 Aryt repl mucosal flap 2 Glottic and supraglottic 76 241 15
7 50 M T2 Aryt repl mucosal flap 5 Predominantly glottic and 93 221 17

supraglottic
8f 68 M Tla Aryt repl mucosal flap 2 Predominantly glottic and NA NA NA

supraglottic
9f 54 M Tla Aryt repl mucosal flap 9 Glottic and supraglottic 105 299 12

10 55 M T2 Aryt repl mucosal flap 5 Glottic and supraglottic 78 178 20

Hemilaryngectomy without arytenoidectomy
llf 47 M Tlb Local muscle flap, keel 2 Supraglottic 106 256 21
12 47 F Tla Musculoplasty, keel 2 Glottic 103 75 29
13 76 F Tla Musculoplasty 5 Glottic and supraglottic 78 84 20
14 58 F Tla Mucosal flap 1.5 Supraglottic 63 101 20
15 70 M Tla None 1 Glottic III 266 16

164J: 65 M Tlb None 7 Glottic 105 356 9

Anterior commissure technique
17 66 M T2 Skin flap 3 Supraglottic 71.5 176 14
18* 64 M Tlb Keel 4 Glottic 72 251 7
19 64 M Tlb Skin flap 5 Supraglottic and glottic 97 184 23
20 70 M Tlb Skin flap 4 Predominantly glottic and 83 257 13

supraglottic
Aryt rep I - Arytenoid replacement, NA - not applicable.

* Chronic pulmonary disease.

[Patient died of cardiac failure - no evidence of disease.

§Patient under therapy for oat cell carcinoma of lung - larynx NED.

[Postop stenosis - tracheostomy.
fIrradiation failure.

�Postop radiation.

component, pitch, and amplitude perturbation were also reviewed
from the sound spectrogram.

One of the main interests in this study was to' evaluate voice

quality. Perceived voice quality analyses were carried out; voice

samples were edited and randomly arranged so as to eliminate lis
tener judgment bias. Five well-trained listeners, two otolaryn
gologists and three speech pathologists, were asked to judge the

tapes for degrees of "roughness" and "breathiness" in each of the

patients recorded. The degrees of roughness and breathiness were

rated as follows: 0 - none, 1 - slight, 2 - fair, and 3 - ex

treme. Scores were then averaged for each subject.
To judge overall voice quality, "intelligibility" was evaluated

from the reading of the rainbow passage of each patient. It was

rated as follows: 1 - poor, 2 - fair, and 3 - good.

RESULTS

Results are summarized in Tables 1 and 2 for all

subjects. An overview of the findings relative to the
three basic operative procedures follows.

HEMILARYNGECTOMY WITH ARYTENOIDECTOMY

Video Findings. Analysis of videolaryngoscopies
in this group of patients revealed moderate to marked

hypertrophy of residual tissues, including contralat
eral true and false vocal folds with variable fore

shortening in the anterior-posterior diameter. The
most significant finding with respect to the con-

tralateral side was the size and activity of the

arytenoid cartilage (Fig 1). In most instances it was

hyperplastic and demonstrated remarkable ability
to move anteriorly and medially, actively abutting
the epiglottis and pseudocord. Also of interest was

the action of the epiglottis which moved posterior
ly. In most cases it was not possible to determine the
amount of activity with respect to voicing at the
level of the glottis due to the abundance of tissue in
the supraglottic area. Insofar as could be determined,
however, voice was predominantly made by sphinc
terization of glottic and supraglottic remnants, with
the arytenoid playing a most active role.

In several cases it appeared that the cartilage
which had been used to provide bulk at the rostrum

of the cricoid to replace the arytenoid had under

gone partial atrophy. However, this is not an objec
tive finding since histopathological corroboration
was not possible. In three patients (cases 4, 7, and

8), there was the suggestion of mild to moderate

glottic stenosis, presumably due to partial loss of
mucosal flaps. One of these patients (case 8), did in
deed develop moderate postoperative stenosis due to

infection and necrosis. He has never been suc

cessfully decannulated in over 2 years since surgery.
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TABLE 2. ACOUSTIC AND PERCEIVED VOICE QUALITY ANALYSES

Case Age Sex Fo (Hz2 Frequency' Range (Hz2 Breathiness Roughness Intelligibility'
It 66 M Unmeasurable Unmeasurable 1.0 3.0 2.2
2 63 M 80 Unmeasurable 1.9 2.2 2.2

3§ 50 M 80 80-81 1.6 2.3 2.3
4 73 M 128 Unmeasurable 2.3 2.2 2.0
5 59 M 90 Unmeasurable 0.8 1.6 2.6
6 51 M 80 80-120 1.7 2.3 2.3
7 50 M 133 120-240 2.7 1.5 1.8

8f 68 M NA NA 2.0 2.4 2.0

9f 54 M 80 80-280 2.0 1.7 2.5
10 55 M 80 80-187 0.7 1.5 2.8

ll� 47 M 80 80-256 1.2 1.9 2.7
12 47 F 150 140-240 2.5 1.3 2.2
13 76 F 120 Unmeasurable 2.9 2.2 1.8
14 58 F 84 80-220 1.2 2.6 2.3
15 70 M Unmeasurable Unmeasurable-213 3.0 1.2 1.7

!6� 65 M 80 80-280 2.2 1.2 2.8
17 66 M 80 80-160 1.4 2.4 2.3
18* 64- M 160 120-320 2.7 1.2 2.0
19 64 M 80 80-180 1.1 �.6 2.8
20 70 M 200 200-720 2.0 1.8 2.6
See Table 1 for symbols.

Aerodynamic Studies and Phonatory Function
Tests. Maximal phonation time in normal adult
men ranges from 15 to 60 seconds. This group
varied in time from 12 to 22 seconds, except in the
one individual with pulmonary disease (case 1),
whose MPT was 5 seconds, and this correlated with
a lowered vital capacity measuring 62 % of normal.
There were two other patients with lowered vital
capacity (cases 5 and 6) whose MPTs were normal.

The MFR, expressed in centimeters per second,
was normal in only three of ten patients in this

group, measuring from a low of 164 ccls in case 5 to

a high of 296 ccl s in case 1. However, in these gross
ly altered larynges, an average MFR of 237 ccls for
the group as a whole compared favorably with a

value of 45 to 220 ccls, which is normal for adult
men in the general population. In actuality, the
MFR in five of the ten patients fell within the range
of normal. Because of an indwelling tracheostomy
tube, the patient in case 8 was not included in the

aerodynamic or acoustical results.
On the whole, aerodynamic phonatory function

tests in this group revealed MFRs to be somewhat
higher than normal and MPTs somewhat lower.
This suggests that glottic closure is fairly good,
although not complete iri most cases and the results
compare closely with those reported by others.27.28
Of significance is the fact that these are not normal
larynges anatomically and this must be kept in
mind when interpreting the results. Aerodynamic
studies in this group of patients reveal that the
tissues remaining after surgery compensate well
from the standpoint of glottic closure; this compares
well with the findings on videolaryngoscopy. In
those patients in whom there were high MFRs, glot
tic gaps were readily apparent. One individual's
low MPT (case 1) correlated with his low vital

capacity, which was due to chronic pulmonary
disease.

Acoustic and Perceived Voice Quality Analysis.
These voices were characterized perceptually by a

high degree of roughness with a variable degree of
breathiness. We believe that this rough component
is caused by irregular vibrations of the remaining
arytenoid, true and false vocal folds, and epiglottis.
Breathiness was thought to be caused by glottic gap
and tissue stiffness; the videotapes supported this

perception.
Results of acoustic analyses were consistent with

the above observations. Sound spectrograms showed
large amounts of pitch and amplitude perturbation
and low frequency noise. Middle to high frequency
noise was also seen where there was a large breathy
component. Fundamental frequency (Fo) was

relatively low and voice range was very narrow in
these patients as compared to findings in normal

subjects where fundamental frequency is roughly

Fig 1. (Case 3) Hemilaryngectomy with arytenoidectomy.
A) Glottis during inspiration. Note position of remaining
arytenoid in contrast to that seen in B) where cartilage has
moved dramatically anterior and medial to meet epiglottis
and resurfaced opposite side. Patient functioned well as an

air-traffic controller within 6 months following surgery.
Arrows indicate vocal dynamics in all Figures.
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Fig 2. (Case 11) Hemilaryngectomy without arytenoidec
tomy. Supraglottic sphincterization. Voicing was per
ceived as predominantly supraglottic with glottic compo
nent. Patient had relatively wide frequency range of voice
(80-256 Hz) characteristic of most subjects in whom ary
tenoids were saved. He successfully returned to voice-in
tensive occupation.

120 Hz in men and 240 Hz in women. Normal fre
quency range in men varies from 60 to 500 Hz and
in women from 120 to 800 Hz.

HEMILARYNGECTOMY WITHOUT
ARYTENOIDECTOMY

Video Findings. The videotape findings in this
group revealed less supraglottic sphincterization in
three patients (Fig 2). Glottic gap was a prominent
feature and the presence of a functioning pseudo
cord could be seen more frequently. The areas

repaired by the musculoplasty technique seemed
atrophic, and in those cases where there was no

reconstruction, the tissues appeared stiff with scar

formation. The' arytenoids, true and false cords,
and epiglottis participated more prominently in the
production of voice. It was less difficult to docu
ment activity at the glottic level due to overlying
supraglottic structures since there was less sphinc
terization supraglottically. Prior full-course irradia
tion had no apparent effect upon either healing or

voicing in the one patient who had received therapy.

Aerodymanic Studies and Phonatory Function
Tests. The MFR was highest in those cases where
there was a noticeable glottic gap, corroborating
the videolaryngoscopic findings. The MPTs were

relatively normal in all cases except in one patient
(case 16) who had the highest MFR and the lowest
MPT. It is interesting to note that there was no

reconstructive procedure in this case, probably the
reason for the glottic gap.

Acoustic and Perceived Voice Quality.Analysis.
Voices of the patients in this group were perceived
as breathier in comparison to the voices in the group
of.patients described above, but there was relatively
less roughness. This could be due to increased stiff
ness of tissue at the glottic level (pseudoglottis). Pre

sumably, air passes these areas without causing sig
nificant vibration of the vocal folds and produces
turbulence which results in an increased degree of
breathiness. This suggested less supraglottic in
volvement and corresponded to the video findings
in three of the cases. Two patients had low MFRs
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Fig 3. (Case 17) Anterior commissure technique. A) On in

spiration our impression was that there were glottic
"neocords", however, it was doubtful that they par
ticipated to significant degree in voicing, since withdrawal
of tongue produced notable breathiness and weakness of
phonation. B) Voice was perceived as being produced by
vibrations created through action of arytenoids and
epiglottis. Frequency range (80-160 Hz) was relatively
wide considering method of voicing.

and breathy voices which confirmed the video im

pression of stiffness at the glottic level. They had
been reconstructed using the musculoplasty tech
nique. There was a wider voice range in this group
and the Fo was higher, as might be expected from
the hypothesis of increased stiffness. The fact that
the arytenoids were preserved may have contribu
ted to the relatively greater glottic component in

voicing.

ANTERIOR COMMISSURE TECHNIQUE
Video Findings. Three of the four patients in this

group had voicing predominantly atthe glottic level
as revealed by the videotapes. Of interest was the
one patient (case 17) who displayed supraglottic
voicing (Fig 3). There was little doubt among the
viewers that voicing in this individual was actually
achieved at the supraglottic level in a manner not

seen in any of the other cases. Voicing was carried
out by the epiglottis and the arytenoids in a plane
900 from normal. This could be demonstrated by
having the patient phonate while manipulating his
tongue. When the tongue was forcefully withdrawn
from the mouth, the patient's voice became notice

ably weaker and more breathy. With respect to the
operative procedure and subsequent postoperative
course of this patient, it is noteworthy that he un

derwent a very wide resection of the interior of the
glottis, had microscopically close margins, was re

constructed with bilateral skin flaps, and was

treated with full-dose postoperative radiation ther
apy. We postulate that the combination of radia
tion and surgery produced scarring and atrophy of
the glottis sufficient to force this dramatic compen
satory activity.

Aerodynamic Studies and Phonatory Function
Tests. The one patient in this group who was not

reconstructed, but allowed to heal by secondary in
tention using an implanted keel (case 18), had a low
MPT. This was probably related to his lowered vital
capacity which was due to chronic obstructive pul-



46 Blaugrund et al, Voice Analysis oj Partially Ablated Larynx

monary disease. In the patient (case 17) whose voic

ing was predominantly supraglottic and produced
by the epiglottis and arytenoids, the MPT was nor

mal despite a relatively compromised vital capaci
ty, indicating excellent glottic closure. The remain

ing three patients in this group voiced predominant
ly at the glottic level, which seemed to be the case in
most patients in whom the arytenoids were pre
served. In these cases the correlations between
videolaryngoscopies and vocal dynamic studies
were less predictable. In view of the small number
of cases studied, it is not appropriate at this time to

speculate about the reasons for these discrepancies.
Acoustic and Perceived Voice Quality Analysis.

Fundamental frequency of voice and frequency
range in the individuals who were reconstructed
using skin flaps were equal except in case 20, whose
Fo was high (200) and whose range of frequency
was wider (200 to 720 Hz) than any other subject in
the series. This could not be explained on the basis
of the videolaryngoscopic findings.

DISCUSSION

Laryngeal conservation surgery has been the sub

ject of much discussion over the past 30 years, and

many innovative surgical techniques of excision and
reconstruction have been devised. These techniques
have developed from a solid foundation of corrobor
ative anatomical and pathophysiological data pecu
liar to the larynx. Survival statistics, comparing fa
vorably with those of radiation therapy, have vindi
cated the concept. Despite this, few studies have
been concerned with the phonatory characteristics
of the anatomical remnants following these opera
tions.27-30

In an attempt to assess the results of vertical hemi

laryngectomy through the use of fiberoptics, it be
came apparent to us that the larynx was capable of
an unusual degree of vocal compensation following
partial ablation. These preliminary observations
and others stimulated an interest on our part to at

tempt to establish correlations between the video
tape impressions on the one hand, with the results
of aerodynamic and acoustic findings on the other.
Since the larynges being examined were so anatomi

cally different from normal, and since most tests of
phonatory activity are designed for more normal
voices, it was felt that aerodynamic and acoustic
measurements should be kept simple in order to mi
nimize problems of interpretation. This is exempli
fied in part by the fact that data accumulated thus
far reveal only broad trends and cannot be inter

preted with specificity.

CONCLUSIONS AND SUMMARY

1. Involvement of supraglottic structures in the
production of voice was found to a degree not previ
ously appreciated by us and occurred predominant
ly in those patients where one arytenoid was re-

moved at surgery. Yet one patient (case 17) in whom
both arytenoids were saved displayed supraglottic
voicing which was the most dramatic of all subject
evaluations.

2. Supraglottic voicing was rougher and basical
ly associated with a lower fundamental frequency
than glottic voicing. Aerodynamic studies revealed
less variability than in the patients whose voicing
was perceived as being primarily glottic. Several
patients with supraglottic voicing displayed a nar

rower frequency range. It is felt that the structures
involved in the vibrations are relatively more pas
sive than the vocal folds and the relevant tensions
are not adjustable over as wide a range.

3. Patients who demonstrate primarily glottic
voicing also show a restricted voice range, though
not as restricted as for supraglottic voicing. We

postulate that the reason for this is partly due to the
fact that the anterior aspect of the vocalis muscle is
detached and the ipsilateral thyroid cartilage is re

moved by the surgical procedure. This alters the
function of the vocal fold by releasing the anterior
attachment of the cord and altering the "visor"
function of the thyroid cartilage. The combination
of these deficiencies results in the loss of frequency
range.

4. In most cases where one arytenoid was re

moved, the contralateral arytenoid cartilage dis
played anterior and adductive movement, which
can conservatively be described as unique. We are

at a loss to adequately explain this activity.
5. In the group of patients whose arytenoids were

saved, there was a greater variability of aerody
namic results. The visual impression was that there
was more glottic component in voicing, and the
auditory impression was that there was a more

breathy sounding voice. This seemed to be due to
the presence of a glottic gap.

6. In general, where the arytenoids had been
saved, frequency range tended to be wider.

In summary, conservation surgery of the larynx
in order to preserve voice can be judged to be effica
cious in furthering that end. Unfortunately no data
base exists that would provide predictive accuracy
preoperatively, or allow for an objective means of
evaluating abnormal phonatory characteristics post
operatively. This small study represents a prelimi
nary analysis of these characteristics in partially
ablated larynges, in an attempt to correlate opera
tive procedures with resultant voice preservation.
The analysis was made utilizing simple measure

merits. The objective results of glottic efficiency
thus obtained were analyzed in tandem with video
tapes obtained from a videolaryngoscopic examina
tion of these patients. It must be emphasized that
only 20 patients were analyzed in this study. Thus,
the information obtained is not complete enough to
be construed as establishing meaningful trends.
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However, further evaluations utilizing additional pation of elucidating clearer interpretations of the

objective test methods will be undertaken in antici- surgical results.
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A dramatic change in the techniques of immediate pharyngeal reconstruction in the last 10 years is largely due to the availability of
myocutaneous flaps, microvascular techniques, and the increasing popularity of the "gastric pull-up" operation. The experience of the
Head and Neck Service of Memorial Sloan-Kettering Cancer Center in repair of the pharynx following pharyngeal resection between 1974
and 1983 is reviewed and the changing trends in the philosophy of pharyngeal reconstruction are highlighted. The methods of reconstruc
tion used were deltopectoral flap, gastric pull-up, free microvascular bowel transfer, and pectoralis myocutaneous flap. The indications,
morbidity, effectiveness, and complications for each of these procedures are discussed. The optimal reconstructive methods for partial and
total pharyngeal reconstruction are as follows: 1) primary closure for defects not exceeding one third of the circumference of the pharynx;
2) pectoralis myocutaneous flap repair for pharyngeal defects with loss of up to 70 % of the circumference of the pharynx; 3) gastric pull-up
with pharyngogastrostomy for defects exceeding 70 % of the circumference of the pharynx; 4) gastric pull-up for all pharyngoesophageal
defects where the lower margin of resection is below the tracheostome; and 5) reversed pectoralis myocutaneous flap with split thickness
skin graft on the muscle for secondary closure of the pharyngostome.

Carcinoma of the hypopharynx and laryngophar
ynx remains a challenging problem for the head and
neck surgeon. In spite of the availability of combined
treatment with chemotherapeutic drugs, surgery,
and radiation, the long-range outlook for advanced
cancers of the hypopharynx, laryngopharynx, and
cervical esophagus remains poor.

1 The majority of
patients with advanced pharyngeal cancer are dead
within 18 months of diagnosis. Since treatment with
currently available methods is not likely to be
curative in most of our patients, the priority should
be preservation of optimal quality of life for the
duration of their survival.

In the past, multiple-staged operations were

usually employed for reconstruction after extensive

partial or circumferential pharyngectomy.
However, such procedures were seldom satisfactory
since restoration of the ability to swallow was usual
ly delayed and much of the survival period was

spent in the hospital. Thus, the quality of life in
these patients left much to be desired. In recent

years the availability of immediate reconstructive
methods has dramatically improved the outlook for
the rehabilitation of these patients. In order to
assess the efficacy of various reconstructive methods
in our hands, we have reviewed our experience for
the past 10 years.

CLINICAL MATERIAL

The records of 80 consecutive patients who under
went reconstructive surgery for partial or circum
ferential pharyngeal resection for carcinoma of the
hypopharynx and laryngopharynx between 1974
and 1983 were reviewed. Many of these patients had
previously received radiation therapy as initial

definitive treatment and were treated for persistent
or recurrent disease following radiotherapy. Pa
tients with primary tumors in the cervical esopha
gus were excluded from this study. Similarly ex

cluded were patients with primary tumors in the

oropharynx or base of tongue. Patients with early
cancer of the larynx and pharynx, whose surgical
defect could be reconstructed by primary closure,
were also excluded. Of the 80 patients who under
went pharyngeal resection and reconstruction, 36
underwent immediate gastric transposition, 23 had

pharyngeal reconstruction using the pectoralis ma

jor myocutaneous flap, 16 had pharyngeal recon

struction using the medially based deltopectoral
flap, four had attempted reconstruction of the

pharynx using a free segment of jejunum with mi
crovascular anastomosis, and one patient under
went colon interposition as a secondary effort for
reconstruction of her pharynx. In the initial years of
this study, deltopectoral flap and gastric transposi
tion were the only operations used; however, in the
latter years, gastric transposition and pectoralis ma

jor myocutaneous flap were the most frequently
used methods of pharyngeal reconstruction. Thus,
this experience reflects the changing trends as seen

on our service within the past 10 years. For the pur
pose of comparison and reporting of our experience,
we will deal with each of the reconstructive meth
ods separately to describe the patient characteris
tics, results, and complications.
DELTOPECTORAL FLAP

Sixteen patients, 11 men and five women, under
went pharyngeal reconstruction using the medially
based deltopectoral flap; their median age was 58

years. The primary site was the hypopharynx in five
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patients, whereas 11 patients had extensive carcino- ous flap. The median age of these patients was 65;
mas of the larynx with extension to the hypopharynx 18 were men and five were women. The hypophar-
requiring partial pharyngectomy. Nine patients had ynx was the primary site in 20 patients, and the lar-

previously received radiotherapy. The extent of the ynx or the base of the tongue was involved in three

primary tumor was such that in nine patients par- patients, 16 of whom had received prior definitive
tial pharyngectomy was necessary, while in seven radiotherapy to the primary tumor. Sixteen patients
patients, circumferential pharyngectomy had to be underwent partial pharyngectomy whereas seven

performed. patients required circumferential pharyngectomy.
Early complications from this operative procedure
included hematomas in the neck or the anterior
chest wall in five patients, wound sepsis in eight pa
tients, and wound breakdown internally leading to

major hemorrhage from branches of the external
carotid artery in the pharynx in one patient. Fistu
lae developed in 15 of the 23 patients, but all of
them healed spontaneously by secondary intention.
The length of hospitalization was less than 1 month
in eight patients, 1 to 3 months in 14 patients, and

only one patient required hospitalization in excess

of 3 months. Five patients were able to swallow
within 1 month following reconstruction; seven pa
tients took 1 to 3 months to swallow, while 11 pa
tients took more than 3 months to swallow. There
are no late complications to date following this
method of reconstruction. Ten patients are known
to have died of disease with a median survival time
of 13 months since surgery.

In four patients, wound breakdown with fistula
was observed requiring intensive local care resulting
in increased morbidity and prolonged hospitaliza
tion. The length of hospitalization was less than 1
month in nine patients, from 1 to 3 months in six pa
tients, and one patient required hospitalization in
excess of 3 months. Only one patient was able to

swallow within 1 month after reconstruction; five

patients were able to swallow from 1 to 3 months
following surgical resection, and ten patients took
longer than 3 months to swallow from the date of
surgery. Four patients developed delayed stricture
at the lower anastomosis between the deltopectoral
flap and the cervical esophagus, requiring repeated
dilatations. The number of operative procedures
performed varied from two to seven with an aver

age of four per patient. The median survival time in
nine patients who are known to have died of disease
was 20 months.

MICROVASCULAR BOWEL TRANSFER

Only four patients underwent reconstruction of
the pharyngoesophageal defect using free segment
of small intestine with microvascular anastomosis.
All were men with a median age of 62 years. The pri
mary site was the hypopharynx in three, while one

patient had extensive carcinoma of the larynx. The
transferred segment survived in only two patients;
one patient healed primarily and was swallowing in
ten days. The other patient with the surviving graft
developed a fistula with partial loss of the graft re

quiring secondary closure using local flaps. Two pa
tients, however, had graft necrosis secondary to

failure of the microvascular anastomosis. Both were

eventually reconstructed with a deltopectoral flap.

COLON INTERPOSITION

One patient, a 58-year-old woman who had an

extensive primary carcinoma of the pyriform sinus
for which she underwent pharyngolaryngectomy
and radical neck dissection, was left with a pharyn
gostome 'and gastrostomy. Four months after the.
initial surgery, right radical neck dissection and col
on interposition were performed with primary heal

ing of her wound; oral intake began within 2 weeks
of her reconstruction, but swallowing deteriorated
1 year later, and she continued to have difficulty
with solid food until the time of her death.

PECTORALIS MAJOR MYOCUTANEOUS FLAP

Twenty-three patients underwent reconstruction
of the pharynx using a pectoralis major myocutane-

GASTRIC TRANSPOSITION

Pharyngeal reconstruction using extrapleural total

pharyngolaryngoesophagectomy with gastric trans

position and pharyngogastrostomy was performed
in 36 patients. Their median age was 61; there were

20 men and 16 women. The primary site was the

hypopharynx in 23 patients; the primary tumors of
13 patients involved both the hypopharynx and cer

vical esophagus. Ten patients required circumfer
ential pharyngectomy, while in 26 patients partial
pharyngectomy was enough for resection of the pri
mary tumors. Fourteen of the 36 patients had re

ceived previous radiotherapy as initial definitive
treatment for their pharyngeal lesions. Early com

plications following gastric transposition included
two postoperative deaths. One patient required
thoracotomy for control of hemorrhage from the
hilum of the lung on first postoperative day. Later
on he developed pharyngocutaneous fistula, bilater
al pulmonary sepsis, and renal failure, and expired
on the 21st postoperative day. The other patient de

veloped breakdown of pharyngogastric anastomosis
with fistula and tracheal necrosis on the tenth post
operative day. On the 24th postoperative day he
had exsanguinating hemorrhage from the trachea,
probably from the innominate artery. Two patients
had wound breakdown without fistula, while six

patients had wound breakdown resulting in a fistula.
All of them were previously irradiated. Three of
these six patients required reoperation for closure of
the fistula with a skin flap. One patient required
thoracotomy for postoperative hemorrhage in the
chest. Late complications include one patient who
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TABLE 2. TIME TO SWALLOWING
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<1 1-3 >3
No. Month Months Months

Surgical Procedure Pts % % %

Deltopectoral Flap" 16 56 37 7

Pectoralis myocutaneous flap 23 35 61 4

Gastric transposition t 36 72 22
• Average number of operations - 4.

[Operative mortality - 6%.

was never able to swallow. Two patients had devel

oped strictures, one at the anastomosis and one at

the pyloric end of the stomach. One patient con

tinues to complain of intermittent diarrhea while
another continues to have weight loss in spite of no

difficulty in swallowing. Length of hospitalization
following this procedure is impressively short com

pared to other reconstructive methods. Twenty-six
patients were discharged from the hospital within 1
month following surgery. Eight patients required
hospitalization from 1 to 3 months, while there was

not a single patient who required hospitalization in
excess of 3 months. Thirty of the 36 patients were

abI'e to swallow within 1 month following surgery
while two patients took from 1 to 3 months before
they could swallow. The median survival time in 15

patients who died of their disease was 9 months.

The length of hospitalization and time to swal

lowing are shown in Tables 1 and 2 for the deltopec
toral flap, the pectoralis myocutaneous flap, and

gastric transposition. The majority of patients un

dergoing deltopectoral flap reconstruction took

longer than 3 months to swallow and required an

average of four operations. Pectoralis myocutane
ous flap repair required only one operation, but the

morbidity is significant in that 65 % of the patients
required hospitalization for more than 1 month,
and nearly half of the patients took more than 3
months to swallow. Gastric transposition has im

pressively short hospitalization with the majority of
the patients swallowing in less than 1 month, but
the operative mortality is 6 %, and early complica
tions are significant.

COMMENTS

The data presented here reflect the experience of
the head and neck service at Memorial Sloan-Ket

tering Cancer Center over the past 10 years using
different reconstructive methods for pharyngeal de
fects. This experience reflects changing trends in the
methods of reconstruction within this decade. Al

though there are personal preferences of individual

surgeons in this group in favor of or against anyone
reconstructive method, several observations can be
made which permit us to draw some conclusions for

selecting a particular method of reconstruction in a

given situation.

It is our current feeling that any method of recon

struction that requires multiple staged procedures is
less than desirable and should probably not be em-

<1 1-3 >3
No. Month Months Months

Surgical Procedure Pts % % %

Deltopectoral flap 16 7 31 62

Pectoralis myocutaneous flap 23 23 30 47

Gastric transposition
* 36 83 6 0

'One patient died unable to swallow and there were two postoperative
deaths.

ployed unless immediate reconstruction is not feasi
ble. Although the deltopectoral flap remains an

available tool for staged reconstruction of pharyn
geal defects, it presently is not our choice of recon

structive method for pharyngeal defects that cannot
be closed primarily. In our experience with the del
topectoral flap, which is admittedly small, postop
erative morbidity has been unacceptably high. The
number of operations, the duration of hospitaliza
tion, and the immediate as well as delayed compli
cations force us to conclude that the deltopectoral
flap is a poor choice for reconstruction of the phar
ynx. Similar conclusions have been reported by other
authors.v "

Colon interposition used to be an important
method for esophageal replacement in the past. The
procedure requires multiple bowel anastomoses in
the abdomen and pharyngocolonic anastomosis in
the neck. High operative mortality and significant
morbidity due to anastomotic breakdown in the
neck make this an unattractive method." Many pa
tients continue to complain of unsatisfactory swal
lowing and delayed emptying. We have not em

ployed this procedure often enough to draw any
conclusions.

Free microvascular bowel transfer is a new and
important method of pharyngeal repair. Our exper
ience with this procedure is extremely limited.
Where a well-established microsurgical team exists,
free microvascular bowel transfer has proved to be
a successful method for reconstruction of the phar
ynx and cervical esophagus. 6. 7

The introduction of pectoralis major myocutane
ous flap in the late 1970s has revolutionized immed
iate reconstructive methods in the head and neck
area." We have employed pectoralis major myocu
taneous flaps in various situations for pharyngeal
repair and have found this to be a satisfactory one

stage method of reconstruction. In the situation
where only partial pharyngeal replacement is neces

sary, the pectoralis myocutaneous flap may be the
best choice. This single-staged operative procedure
·has acceptable morbidity and even when fistulae
developed, they spontaneously closed. Delayed
complication of stricture has not been seen to date.
This flap, however, can be quite bulky. For this
reason the pectoralis myocutaneous flap is less than
ideal for circumferential pharyngeal repair.

Early postoperative complications from the pee-
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toralis flap did increase the length of hospitalization carcinomas of the hypopharynx. Although gastric
and morbidity, but there were no postoperative transposition requires only a single anastomosis be-
deaths. In patients who have received previous ra- tween the pharynx and the fundus of the stomach,
diation therapy, nonhealing at the suture line be- the surgical procedure demands proper selection of
tween the pharyngeal wall and the pectoralis flap is patients to reduce the operative mortality and mor-

often evident. Nevertheless, the flap has remained bidity." In those patients where there was primary
viable in its entirety in nearly all instances. An addi- healing of the wounds, swallowing could be re-

tional benefit obtained from the use of the pectoralis sumed in as little as ten days.
myocutaneous flap is the protection provided to the
carotid artery by the muscle paddle. We feel this of
fers a significant advantage to those patients who
received previous external irradiation.

The single-staged pharyngolaryngoesophagectomy
with extrapleural gastric transposition is the meth
od of choice in our hands for circumferential phar
yngeal defects resulting from resection of primary

Based on these observations, we feel that in our

hands gastric transposition and pectoralis major
myocutaneous flap remain the two methods of choice
for immediate reconstruction of pharyngeal defects.
Where partial pharyngectomy is performed, we feel
that the pectoralis major myocutaneous flap serves

best, while gastric transposition is our method of
choice for circumferential pharyngeal repair.
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We propose a system for staging nasopharyngeal angiofibromas based on clinical evaluation and computerized tomography. Twenty
three patients with this pathologic diagnosis have been managed at the University of Miami/Jackson Memorial Medical Center in the past
two decades. In 13 patients, the clinical diagnosis was confirmed by transnasal biopsy as a minor outpatient procedure. This avoided un

necessary diagnostic studies, shortened the hospital stay, and expedited treatment. Computerized tomography has replaced conventional

x-ray studies and routine tomography, although angiography is still necessary for proper evaluation of larger tumors. Stage groupings
recommended on the basis of this experience are stage I - tumor confined to nasopharynx; stage II - tumor extending into nasal cavity
and/or sphenoid sinus; stage III - tumor extending into one or more of the following: antrum, ethmoid sinus, pterygomaxillary and in

fratemporal fossae, orbit, and/or cheek; and stage IV - tumor extending into cranial cavity. Surgical excision is recommended for stages I,
II, and III. Stage IV tumors require surgical resection and/or radiation therapy with the possible addition of hormonal therapy.

INTRODUCTION

Nasopharyngeal angiofibroma, also known as ju
venile nasopharyngeal angiofibroma, juvenile fi
broma, angioma, angiofibroma, and even naso

pharyngeal hemangioma, is an aggressive yet
benign tumor. 1-3 It first displaces and distorts rather
than infiltrates adjacent structures. Larger tumors,
however, may destroy bone by pressure. The tumor
is always supplied by the internal maxillary artery
which enlarges to accommodate its growth pattern,
but is parasitic in that as it grows, it develops a col
lateral blood supply from other adjacent structures
and blood vessels, including branches of the inter
nal carotid artery. While primarily appearing in
adolescent boys," a few cases in women have been
reported. 1 It is a rare tumor occurring in our own

institution only once per 12,000 clinic visits to 1 in

50,000 new patient visits. 5

The lesion is composed of fibrous connective tis
sue interspersed with endothelium-lined spaces.
The proportion and cellularity of each component is

highly variable. Clinically, the lesion presents as a

reddish-purple nodular mass which displaces the soft
palate slightly in a forward direction as it grows. It
can be easily seen through the nose or beneath the
palate with a nasopharyngeal mirror. It tends to be

gin in the superolateral nasopharyngeal area, and
grows to extend first into the posterior aspect of the
nasal cavity and superiorly into the sphenoid sinus.
As it enlarges, it extends through the pterygopala
tine foramen and assumes a dumbbell shape grow
ing laterally into the pterygomaxillary and infra
temporal fossae. From there, it can extend into the
soft tissues of the cheek and the inferior orbital fis
sure into the orbit. As it becomes larger, it erodes

bone, primarily by mass effect and pressure, and

may extend into the middle or anterior cranial fos
sae. It occupies available space, filling more of the
nasal cavity and posterior ethmoid cells before ex

tending directly into the orbit. From the sphenoid
sinus, it can extend superiorly and laterally into the
cavernous sinus and other adjacent structures of the
anterior and middle cranial fossae.

The specific etiology of the tumor is unknown,
but theories include that of an abnormal connective
tissue response of the nasopharyngeal periosteum to

a hamartomatous ectopic nidus of vascular tissue
similar to that of the inferior turbinate," or aberrant
and unrestrained growth of the embryonic occipital
plate (basilar process, body of the sphenoid, medial
pterygoid process, region of the foramen lacerum,
and pterygopalatine fossa) prior to its ossification at

about age 25 years." The sphenopalatine foramen is

always involved and seems to be the most likely
source of its origin as it has been noted that ir
radiated lesions tend to involute back to this specific
area." The natural history of these tumors is not

completely known. Although their growth rate is

highly variable, tumors that are not removed or

controlled can result in permanent facial deformity
and death from hemorrhage or involvement of in
tracranial structures. While they are said to regress
or spontaneously involute at or about the age of pu
berty, there is no authenticated documentation that
untreated lesions do so.

DIAGNOSIS

. The clinical diagnosis is relatively easy and is
made on the basis of history, physical findings, and
radiologic studies. Initial symptoms practically al-

From the Departments of Otolaryngology, Pathology, and Radiology, University of Miami School of Medicine, Miami, Florida.
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Fig 1. Nasopharyngeal angiofibroma. A) Stage I. Postcontrast axial
CT demonstrated mass in nasopharynx, superior extent of which is
shown here (small arrows). Note lack of extension through pterygo
maxillary fissure (curved arrow) and lack of mass in adjacent infra
temporal fossa or maxillary antrum. B) Stage II. Nonhomogeneously
enhancing mass (small arrows) is seen in nasopharynx with anterior
extension into, nasal cavity. Although mass has thinned medial wall of
left maxillary antrum (curved arrow), there is no tumor mass within
that sinus. Note here, as in A, lack of tumor extension through
pterygomaxillary fissure and lack of mass in infratemporal fossa. C)
Stage III. Large mass (arrows) is seen involving nasopharynx, nasal
cavity, and right infratemporal fossa; it is eroding through posterior
wall of right maxillary antrum (between open arrowheads) to present
as mass within right maxillary sinus.

ways include nasal obstruction and/or bleeding. As
the tumor becomes larger, interference with eusta

chian tube function and a conductive hearing loss
results. While nasal obstruction is unilateral at first,
further growth causes bilateral and even total nasal
obstruction. Larger tumors result in swelling of the
cheek, protrusion of the eye, continuous mucopuru
lent nasal discharge, disturbance of speech, visual
aberrations, and other facial deformities. As most

patients are between the ages of 12 and 16, they can

usually be examined quite easily with a nasopha
ryngeal mirror, with or without retraction of the
soft palate. The tumor has a characteristic lobulated

mulberry-like appearance which is violaceous in
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color. It can also be seen through the nasal cavity
where examination is facilitated by the application
of vasoconstricting drugs and suctioning of mucoid
nasal secretions. A conductive hearing loss and fluid
in the middle ear can frequently be demonstrated as

well as other signs suggested by the symptoms de
scribed above.

With the advent and widespread availability of
computerized radiologic techniques, the vascular
nature and full extent of the tumor can be deter
mined in all three planes. A classic sign in early tu

mors is the anterior bowing of the posterior wall of
the maxillary antrum and posterior bowing of the
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pterygoid plates as the tumor extends 'from the naso- prognosis, and reporting results. Based on knowl-

pharynx into the pterygopalatine fossa and distracts edge of the presumed site of origin of most if not all
these two bony structures. Larger tumors result in of the tumors and their growth patterns, we pro-
actual bone destruction. In tumors that are not large pose a staging system similar to that proposed for

angiography is rarely necessary, in our view, because cancer by the American Joint Committee: stage I -

computerized tomographic (CT) studies with en- tumor confined to nasopharynx (Fig lA); stage II-
hancement demonstrate the vascularity of the tumor extending into nasal cavity and/or sphenoid
tumor. Its primary blood supply always comes from sinus (Fig IB); stage III - tumor extending into one

the internal maxillary artery. Nonetheless, in larger or more of the following: antrum, ethmoid sinus,
tumors, particularly those extending into the cranial pterygomaxillary and infratemporal fossae, orbit,
cavity, angiographic studies are helpful in planning and/or cheek (Fig lC); and stage IV - tumor ex-

therapy. If preoperative embolization is desired, tending into cranial cavity (Fig 2).
then this study should be performed just prior to the
definitive surgical procedure. MATERIAL

Computerized tomographic findings are neither
absolute nor pathognomonic" and suggest the need
in some patients for a diagnostic or confirmatory bi

opsy prior to planning invasive diagnostic or defini
tive surgical procedures. Prior to the advent of CT,
it was the practice of one of us ORC) to biopsy in
the office those patients suspected of having angiofi
bromas. While other authors have warned against
such a procedure, suggesting that if necessary it be
done in the operating roorn.v'" no undue bleeding
or complication was encountered.

TREATMENT

Treatment has varied from watchful waiting,
hoping for spontaneous regression at sexual maturi

ty, to an extended craniofacial surgical resection. II

Radiation therapy in minimum to moderate doses
of 3,000 rad over a 3-week period resulted in com

plete tumor regression and permanent control in 17
of 22 cases at the Princess Margaret Hospital in To
ronto.12 Nonetheless, surgical resection is consid
ered by most authors to be the treatment of choice,
reserving radiation therapy for unresectable lesions.
A combined intraextracranial approach has been
described for those tumors demonstrated to have in
tracranial extension. 10.13

In addition, response of the tumor to both andro
gens6.14 and estrogens6.15 has been demonstrated and
may be useful in decreasing the vascularity of tu

mors just prior to surgery.
IS They have also been

used as adjunctive therapy in recurrent and inoper
able tumors. Good results in two patients with inop
erable recurrent disease have been reported with
the use of doxorubicin hydrochloride (Adriamycin)
and dacarbazine (dimethyltriazeno imidazole car

boxamide, DTIC-Dome). 16

STAGING

While a system of staging employing only radio

logic studies has been proposed" we feel that any
clinical staging system should be based on careful
clinical evaluation of the patient using laboratory
and radiologic studies as an aid. Grouping tumors

according to their size and extent into stages is a

helpful procedure in planning therapy, estimating

In reviewing our experience in this medical cen

ter for the past two decades, we found that we have
established a pathologic diagnosis of nasopharyngeal
angiofibroma in 25 patients (ultimately 23; for two

the diagnosis was subsequently changed). The re

mainder were retrospectively staged in accordance
with the above-described criteria using routine

x-ray study, tomograms, and arteriograms prior to
1975. The staging distribution was as follows: five

patients were stage I, 14 patients stage II, two pa
tients stage III, and two patients stage IV. Since

1975, with some initial overlapping, we have de

pended upon CT scans exclusively. All pathologic
specimens were reviewed to confirm the diagnosis
and compare the histology of these tumors with the
age of the patient, stage grouping, and results of
treatment.

RESULTS

The pathologic diagnosis of nasopharyngeal angio
fibroma was originally made in 25 cases. One of
these was in a girl 13 years old, who presented with
a history of left-sided nasal obstruction and repeated
epistaxis. The referring physician had seen a mass in
the left side of the nasopharynx, and a CT scan had
demonstrated a vascular lesion of the left maxillary
antrum, and the ethmoid and sphenoid sinuses. Sur

gical exploration by a sublabial approach revealed

polypoid tissue with relatively little bleeding and,
on frozen section, only inflammatory tissue. A classic
Caldwell-Luc procedure and transantral ethmoid

ectomy and sphenoidectomy were completed with
out incident. Although the initial and final patholo
gy report read" ... small areas of cellular tissue
with small organizing arteries and arterioles most

likely angiofibromas," review of the slides incidental
to the preparation of this paper resulted in change
of final diagnosis to that consistent with "chronic
sinusitis." As the patient has been well now for 14
'months and the clinical course, lack of intraopera
tive bleeding, and {nconsistent gross appearance of
the tissues at surgery are also contradictory to this

pathologic diagnosis, this case is excluded from fur
ther analysis. The virtual totality of male incidence
of this disease strongly suggests chromosomal studies
of females with this biopsy diagnosis.
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Fig 2. Nasopharyngeal angiofibroma, stage IV., A, B) CT scans show mass within nasopharynx (white arrows). A) On axial CT

widening of left pterygomaxillary fissure (between curved arrows) is noted with mass extending into infratemporal fossa and causing
deformity of left posterior wall of maxillary antrum. B) Coronal CT shows that there has been growth through base of sphenoid
bone, with mass presenting in sphenoid sinus (small arrows) and cavernous sinus (open arrow). C, D) Carotid angiography shows
hypervascular stain (arrows) arising from dual branches (C, open arrowhead) of left internal carotid artery and from external
carotid artery branches (D). Dual contribution from internal carotid is angiographic sign that there has been intracranial extension
of nasopharyngeal angiofibroma.

A 51/2-year-old boy presented with nasal obstruc
tion, blindness, and left ophthalmoplegia. Examina
tion revealed a mass in the posterior aspect of the
left nasal cavity. A biopsy was secured and micro

scopic examination resulted in a pathologic diagno-

sis of "angiofibroma." Upon consultation with the
Armed Forces Institute of Pathology, the' diagnosis
was revised prior to treatment to either "malignant
schwannoma or fibrosarcoma." The patient died

shortly after a course of radiation therapy adrninis-
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scans only. Surgical excision was accomplished in
all but one instance. This patient, a boy of 14 years,
presented with a swelling of his left cheek and tem

poral fossa. No tumor could be seen in the naso

pharynx. Biopsy through a sublabial incision con-

firmed the suspected diagnosis. Computerized to

mography demonstrated an intracranial component
with extension into the cavernous sinus. The patient
has been treated with radiation therapy and estro

gens with some regression. He remains with tumor 5

years after diagnosis, and it is hoped that perma
nent regression will ensue. Resection is still consid
ered a possibility if increase in size is noted.
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tered at another institution, and further informa
tion is not available. This case is also excluded.

There were two other atypical or unusual patients
in the remaining 23 cases. One was a man, age 33,
who was transferred from another institution. He
was undergoing a septoplasty because of a history of
left nasal obstruction and epistaxis when a mass in
the nasopharynx was noted beneath the palate and

biopsied. Frozen section resulted in the correct di

agnosis, although the excessive bleeding which en

sued required an anterior and posterior nasal pack
and transfer for definitive treatment. The tumor was

subsequently removed by a transpalatal-transantral
approach without complications. Another 29-year
old man had been evaluated in the outpatient clinic
because of chronic nasal obstruction and purulent
nasal discharge. Routine sinus x-ray studies revealed
rather dense opacity of the ethmoid and sphenoid
sinuses and the antrum. An external ethmoidectomy
and Caldwell-Luc procedure were planned. On en

trance into the ethmoid labyrinth, excessive bleed

ing was encountered and the true nature of the dis
ease became evident. Biopsy and an intraoperative
pathology consultation resulted in a diagnosis of

angiofibroma. The surgical procedure was continued
with complete removal of the tumor through the ex

ternal ethmoidectomy and transnasal approach.
The patient remains well without recurrence now 5

years after surgery.

The remaining tumors occurred in adolescent and

young boys with a median age of 14 years and an

average age of 16 years (Fig 3). As noted previously,
the clinical diagnosis was confirmed in 15 of these

patients by a transnasal biopsy. In most instances,
the bleeding ceased spontaneously with the tempo
rary application of cotton pledgets moistened in

adrenaline, although anterior packing for 24 hours
was required in five patients. Two patients had the

diagnosis established in the operating room, in

cluding the one surprise described above. One pa
tient biopsied elsewhere required packing as noted

previously.
While our current practice is to rely completely

on CT, all patients in earlier years had routine sinus

x-ray studies, with four patients having had conven

tional tomograms and ten having angiography with

only one attempt at preoperative embolization. Eight
patients had CT scans with the last four having CT

Planned hypotensive anesthesia was used in three

patients although no apparent benefit resulted. One

patient with stage IV recurrent disease had �om
bined radiation therapy and surgery. Three patients
early in this series had their tumors avulsed from �he
nasopharynx with the aid of transnasal pushmg
maneuvers with various instruments. External eth

moidectomy alone was utilized on one occasion.
The most common and currently favored technique
was the transpalatal approach which is extended in
a lazy "S" fashion around the tuberosity of the max

illa into a sublabial extension, permitting exposure
and clear visualization of the inferior extent of the
tumor in the nasopharynx, access through the an

trum to the pterygopalatine fossa region, and per
mitting ligation of the internal maxillary artery and
access into the nasal cavity by removal of the infero
lateral wall of the nose (Fig 4). The extension behind
the tuberosity of the maxilla and elevation of the
soft tissues of the cheek permit access into the infra

temporal and pterygomaxillary fossae. Moderate re

moval of approximately half of the bone of the hard

palate and the septum permits additional access to

the tumor through the transpalatal incision as well
as beneath and behind the soft palate. The tumor it
self is usually delivered from beneath the soft palate
after a firm grasp of the tumor is secured with sever

al Kocher's damps. Incision through the mucous

membrane and prevertebral fascia just inferior to

the tumor permits sharp dissection and complete
elevation of the tumor from the posterior nasopha
ryngeal wall and cervical vertebrae prior to the
unavoidable avulsion and blunt dissection of the
tumor from other involved sites. The tumor is thus
pulled and pushed from its site of origin and other
involved sites. The wide removal of bone, control of

bleeding prior to the actual extirpation of the
tumor, and optimal exposure and access will permit
the removal of the whole tumor in most instances.

Following removal of the tumor, bleeding is con-

'trolled by ligation of bleeding vessels and the appli
cation of packs moistened in adrenaline, 1:1,000.
The operative site is then carefully inspected and
palpated so that any residual tumor can be re

moved. This is correlated with examination of the
operative specimen so that total removal of the
tumor can be assured. A 30-cc Foley catheter and
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Fig 4. Transpalatal-transantral surgical approach. A) Tumor as seen through nose. B) Location of tumor as approached through
palate. C) Incision is made through mucoperiosteum of hard palate and flap elevated. Posterior third of hard palate is removed with
preservation of greater palatine neurovascular pedicles. Incision is carried around tuberosity of maxilla on side of tumor to join
sublabial incision if necessary. D) Sublabial incision extended around tuberosity of maxilla if necessary. E) Anterior and medial
walls of maxilla removed to expose tumor. Internal maxillary artery and its branches may be ligated. F) Procedure completed.

light anterior nasal packing for several days is all
that is required to avoid postoperative bleeding.

More recently, we have employed the so-called
degloving technique (Fig 5).17 This requires no ex

ternal incisions at all although the amount of bone
removed and remainder of the technique is as de
scribed above. This procedure is essentially a bilat
eral extended sublabial and transantral-transnasal
approach and permits the same exposure described
above, although without the added advantage of
visualizing by eyesight the exact inferior extent 'of
the tumor. While we have not yet had the occasion
to do so, there is no reason why the palatal incision
could not be added to this approach, which would
provide even additional exposure.

The average hospital stay was eight days with 2.6

days prior to surgery and 5.3 days afterward. Blood
loss was considered major in most of the patients,
averaging approximately 1,500 cc. An average of
2.6 U of blood replacement was required. Ligation

of the internal maxillary artery during the pro
cedure prior to tumor manipulation assisted in de

creasing blood loss. A 30-cc Foley catheter inflated
with 15 to 20 cc of water buttressing Surgicell hemo
static packs has resulted in increased comfort to our

patients and permitted earlier and painless removal
of the packing. Currently our practice is to admit

patients to the hospital only one day prior to surgery
and discharge them on the third or fourth postoper-
ative day.

/

Eight patients were lost to follow-up due to the
unstable population in this community. Eleven pa
tients required one operative procedure, two re

quired a second operation, and one patient is free of
disease following revision surgery after two proce
dures elsewhere. As noted previously, one patient has
disease which is stable following radiation and hor
mone therapy. Critical review of the pathology slides
of the operative specimens of all these patients failed
to reveal any significant difference with regard to

age of the patient, group staging, or prognosis.
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DISCUSSION

In spite of the good results from radiation ther

apy'? reported from at least one medical center,
total surgical removal of these tumors results in

complete cure and is our favored method of treat

ment in all patients with resectable tumors. Even
those with minor extension into the middle cranial
fossa, orbit, or other structures are operative candi
dates, in our view, in that the tumor is primarily
"pushing" in type rather than infiltrative. A com

bined craniofacial resection is required in such pa
tients, but may result in complete extirpation of the
tumor and avoidance of the possible sequelae of ra

diation therapy.
The delayed effects of radiation therapy not only

affect further growth and maturation of the facial
bones, but predispose to the later development of

malignant neoplasms. Prolonged hormonal therapy
results in undesirable changes of body habitus and

image as well as possible sterility and other distur
bances of metabolism and hormone balance. Total

surgical extirpation seems the treatment of choice
and should be employed whenever technically feasi
ble. As these tumors tend to enter the pterygopala
tine fossa through its medial wall and extend out in
to the cheek after winding around the posterior bor
der of the maxilla, this region must be exposed by
whatever surgical approach is utilized. Bimanual

palpation and manipulation of the tumor with one

finger in the infratemporal fossa and another in the

nasopharynx or through. the antrum permits the

surgeon to vigorously manipulate this tumor and

separate it from its vascular attachments to other
structures. Minimal extension into the orbit or mid-

c

Fig 5. Extended sublabial (degloving) surgical
technique. A) Extended sublabial incision from
one maxillary tuberosity to the other. B)
Intercartilaginous incisions extended along
membranous columella and pyriform crest per
mit elevation of lip and cheeks above maxillae
and nasal cavity. C) Side view. D) Medial and
lateral osteotomies permit added exposure. E)
Surgeon's view after removal of anterior and
medial wall of maxilla and just prior to removal
of tumor.

dIe cranial fossa can be managed through the opera
tive approach described, although significant exten

sions into the latter require a craniofacial extension. 11

Once a tumor occupies the middle cranial fossa, it

may extend beneath the lesser wing of the sphenoid
to enter the superior orbital fissure, thus producing
ophthalmoplegia, proptosis, and optic atrophy.
While such tumors may possibly be resected, radia
tion therapy offers an attractive alternative.

Finally, transnasal biopsy with immediate avail
ability of equipment for epistaxis is recommended
as a minor diagnostic office procedure prior to inva
sive studies and prior to any planned major defini
tive operative procedure. Practically all nasophar
yngeal angiofibromas can be visualized easily through
the nasopharynx or nose and are accessible to biop
sy. Troublesome bleeding has in our hands been man

aged by a simple anterior packing if necessary. Such
a procedure in the authors' hands has resulted in

changing the presumed or possible clinical diagnosis
from angiofibroma to antrochoanal polyp in two

cases referred for definitive treatment.

SUMMARY

Adolescent boys presenting with nasal obstruction
and/or epistaxis deserve a thorough examination of
the nasal cavity and nasopharynx to rule out naso

pharyngeal angiofibroma. If absolutely typical, CT

scanning with enhancement on an outpatient basis
can clearly establish and confirm the diagnosis. In
adolescent girls or older patients, intranasal biopsy
is recommended in order to establish firmly the di
agnosis prior to CT scanning or any other definitive
operative procedures. Even in small tumors, the in-
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ternal maxillary artery and pterygomaxillary fossa evaluation of the patient permits staging which as-

should be exposed through or behind the antrum. sists in planning therapy, estimating prognosis, and
This permits the necessary bimanual palpation and reporting results. The surgical procedure chosen

manipulation of the tumor and early ligation of the should permit optimum exposure of the tumor

internal maxillary artery. Histologic examination of through the antrum, around the antrum, behind

juvenile angiofibromas does not correlate with the the antrum, in the nasopharynx, through the nasal

age of the patient, tumor staging, surgical proce- cavity, and wherever else extension is demonstrated
dure required, or prognosis. Proper preoperative by the clinical and/or radiological examination.
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STAGING OF CERVICAL LYMPH NODE METASTASIS

COMPARISON OF TWO SYSTEMS
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In 1977 the American Joint Commission (AJC) revised its system for classification of cervical lymph node metastasis producing a varia
tion from the staging system of the International Union Against Cancer (UICC). A review of 356 evaluable patients was carried out to
determine if the AJC or UICC system was prognostically superior. The primary sites of study were the supraglottic larynx in 181, tonsil in

98, and pyriform sinus in 77. All cases were staged using both the AJC and UICC criteria. All demographic, treatment, staging, and sur

vival data were coded for computer entry and analysis. Pairwise comparisons were made for each possible N-class combination using the
method of Lee and Desu. For the UICC, statistical difference was detected only between the absence or presence of cervical metastasis but
did not statistically differentiate between Ni , N2 or the N3 groups. The AJC system on the other hand was highly statistically discriminative
between classes. Of 15 possible pairwise comparisons, two were not significantly different. The AJC system appears to be significantly
more discriminative than the UICC system.

The TNM system for classifying malignant tu

mors was developed through the efforts of Pierre
Denoix in 1944.1 The system has been developed to

provide a common language which will allow the

oncologist to compare the results of clinical cases, to

evaluate various treatments, and to allow prognos
tication of individual cases. The staging system is es-

. sential for intelligent treatment planning. The two

TNM systems most commonly used are those devel
oped by the International Union Against Cancer

(UICC)2 and the American Joint Committee on

Cancer (AJC). 3(pp 25-59)

Prior to 1977, the AJC system for the classifica
tion of cervical lymph node metastasis was identical
to the UICC classification. In 1977, the AJC revised
the cervical lymph node metastasis classification
and based it on measured size, single or multiple
nodes, and on the ipsilateral, bilateral, or contralat
eral presence of the nodes. The 1982 UICC system is

essentially unchanged except for the elimination of
the N1a and N2a classes which were reserved for
palpable nodes considered to be "clinically nega
tive" for cancer. Table 1 outlines the two classifica
tion systems as they are currently used.

This paper evaluates the ability of the urcc and
the AJC cervical lymph node classification system to

prognosticate, and attempts to determine which
system is more predictive and discriminatory when
end-results-evaluation is used as the yardstick of
comparison.

PATIENTS AND METHODS

The records of 455 patients with histologically confirmed

squamous cell carcinoma of the supraglottic larynx, pyriform si-

nus, and tonsil seen at the University of Virginia Medical Center,
Charlottesville, were reviewed retrospectively. Only those pa
tients treated primarily at this institution and whose records had
sufficient descriptions and!or diagrams to permit restaging and

5-year-survival analysis are included in this statistical study. Pa
tients who presented with distant metastasis, underwent

palliative treatment, or refused treatment were eliminated. After
applying these rigid criteria, 356 patients were eligible. The stage
of disease for each patient was determined using both the 1983

AJC and the 1982 UICC staging criteria (Table 2).
In the study the primary site of carcinoma was the supraglottic

larynx in 181 cases (51 %), the tonsil in 98 cases (27 %), and the

pyriform sinus in 77 cases (22 %). Men (281) accounted for 79 %
and women (75) for 21 % of the subjects. The population studied
was primarily white (305, 86 %) with black patients (51) account

ing for 14%.

The T and N distributions for the AJC and UICC systems are

seen in Table 2; the patient distribution by stage for the AJC and
UICC systems is seen in Table 3; and the patient distribution by N

category for the AJC and UICC systems is seen in Table 4.

Primary treatment was curative radiotherapy alone for 32 % of
the patients, combined radiation and surgery in 37 % of the pa
tients, and a com�ination of the aforementioned modalities with

chemotherapy in l\l % of the patients.

TABLE 1. CURRENT CLASSIFICATION SYSTEMS FOR
CERVICAL LYMPH NODE METASTASES

Nodal Class
UICC AlC

NO None

N 1 Mobile ipsilateral node(s)
N2 Contralateral or bilateral

node(s)
N3 Fixed node(s)

NO None

Nl < 3-cm ipsilateral single
N2a 3- to 6-cm ipsilateral

single
N2b Multiple ipsilateral

<6 ern

N3a Single or multiple one

>6 cm

N3b Bilateral node(s)
N3c Contralateral node(s)
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TABLE 2. PATIENT DISTRIBUTION BY UICC AND AJC T AND N SYSTEMS

61

NO
Ale System

Nl N2a N2b N3a N3b N3c

11 9 3 2 2 0
27 12 11 1 6 0
22 13 21 7 15 0
14 9 11 4 12 2

wee System
NO Nl N2 N3

Tl 75 29 5 1
T2 22 44 5 1
T3 25 63 8 0
T4 20 39 17 2

All patients had a minimum follow-up period of 5 years from
the date of diagnosis. The date of diagnosis was defined as the
date on the pathology report of the first positive biopsy result.

All patient demographic, treatment, and survival data were

coded for computer entry and analysis. Actuarial survival was

calculated for a variety of parameters with a CDC Cyber 172

computer using the Statistical Package for the Social Sciences

(SPSS).4 Death from cancer was the end point for actuarial sur

vival. Probability values are calculated in actuarial analysis using
the SPSS. Pairwise comparisons were made by the method of Lee
and Desu."

RESULTS

The 5-year actuarial survival rates for the AJC
and VICC disease stage and nodal classification sys
tems are seen in Tables 3 and 4. A specific grouping
of interest to us were the T by (x) NO patients. The

5-year actuarial survival using the AJC system was

TlxNO, 88 %; T2xNO, 67 %; T3xNO, 61 %; and T4xNO,
66 % . The 5-year actuarial survival using the VICC

system was for TlxNO, 77 %; T2xNO, 60 %; T3xNO,
61 %; and T4xNO, 74%.

In an effort to evaluate the ability of each staging
system to discriminate between stages, nodal cate

gories, and the four T by N category combinations
mentioned above, comparisons of every possible
pair combination were carried out for stage, nodal
category, and the T by N categories of interest using
5-year actuarial survival as the point of compari
son. The Lee and Desu pairwise comparison statis
tic was used to determine probability values. The
number of statistically significant discriminations
made for each staging system was tallied so a com

parison could be drawn of the relative ability of the
AJC and VICC systems for discriminating between
the various stages, N classes, and TxN categories of
interest.

Of six possible pairwise comparisons for stage of
disease, the AJC system discriminated in a statisti

cally significant manner between five pairs. Only
when comparing stage II to stage III was there a

lack of discrimination (p = .30, Table 5). The VICC
system. discriminated between four of six possible
stage pairs. Statistical discrimination could not be

TABLE 3. PATIENT DISTRIBUTION AND 5-YEAR
SURVIVAL BY STAGE

wee Ale
5-Yr 5-Yr

No. oj Survival No. oj Survival
Stage Patients (%1 Patients (%1
I 75 77 38 88
II 22 60 65 67
III 161 47 83 62
IV 98 46 170 37

38

65

23
16

made between stages I and II (p = .36) or between
stages III and IV (p = 0.9, Table 5).

Of 15 possible pairs comparing nodal classes, the
AJC system did not discriminate between four pairs
when a probability of .05 or less was used. Those
pairs failing to be discriminated were 2a from 2b,
2b from 3a, 2b from 3b, and 2a from 3b (Table 6).
Of the six possible pairs for nodal class using the
VICC system only three were found to be statisti

cally different. Most importantly, none of the
VICC classes for positive nodes (Nl, N2, N3) dis
criminated between each other. In effect, from this
data the VICC system differentiates only between
the presence or absence of cervical lymph node me

tastasis in terms of prognosis (Table 6).
When pairwise comparisons were made between

the four T classes with NO neck disease, the AJC sys
tem was found to be discriminative at a p < .06 in
three of six possible pairwise comparisons (TINO:
T2NO; TINO:T3NO; TINO:T4NO). For the VICC
system there were no statistically significant pair
wise comparisons made in any of the six possible
combinations.

Comparisons were also carried out to determine
if sex or race had an influence on survival. In this
study neither parameter had a statistical influence
on survival although the 5-year survival was higher
in women and white patients.

COMMENT

"Proper classification and staging of cancer will
allow the physician to determine treatment for the

patient more appropriately, to evaluate results of

management more reliably, and to compare statis
tics reported from various institutions on a local, re

gional, and national basis more confidently."2(p vii)

The TNM system provides us with a common means

of communication that is clinically oriented and
based on pretreatment diagnostic studies. No sys-

TABLE 4. PATIENT DISTRIBUTION AND 5-YEAR
SURVIVAL BY CERVICAL NODAL CLASSIFICATION

wee Ale
5-Yr 5-Yr

No. oj Survival No. oj Survival
Patients (%1 Patients (%1

NO 142 71 NO 142 71

Nl 175 43 Nl 74 62

N2 35 40 N2a 43 40

N3 4 25 N2b 46 22

N3a 14 15

N3b 35 40
N3c 2 50
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UICC
UICC AlC Node

Stage Probability_ Stage Probability_ Class Probability_
1:1l p= .36 1:1l p= .03 0:1 p= .000

1:I11 p = .000 I: III p= .003 0:2 p= .000

I:IV p = .000 I:IV p = .000 0:3 p = .049

II:IIl P = .015 II:IIl p= .30 1:2 p= .93

1l:IV p= .03 1l:IV p = .000 1:3 P = .752

III:IV p= .9 III: IV p = .000 2:3 p = .753

TABLE 5. PAIRWISE COMPARISON OF EACH
COMBINATION OF STAGES USING LEE AND DESU

STATISTIC

tem is perfect and there are problems with the TNM

systems such as 1) numerous subcategories that con

tain so few cases per category that statistically
significant conclusions cannot be drawn; 2) ana

tomic boundaries that are not universally accepted;
3) host-tumor responses and histopathologic condi
tions that are not taken into consideration.

Since cancer staging is not an exact science, peri
odic changes have to be made. In 1977, the AJC sig
nificantly revised its system of classifying cervical
lymph node metastasis. Prior to this time, the UICC
and AJC systems used identical cervical lymph node
classifications. In the 1982 revision of the UICC
classification system the N1a and N2a nodal classes
of "clinically negative" nodes were deleted, but the
NO, N1, N2, and N3 classes for clinically positive
nodes remained unchanged. This study has at

tempted to look at those two nodal classification
systems to see if one is more discriminative in prog
nosis than the other. In fact, it appears from this
study that the AJC system is highly discriminative.
It should be noted, however, that the 3b class had
relatively high 5-year survival rates identical to 2a.
This is perhaps because our series of bilateral neck
nodes was biased by having early bilateral N1 neck
disease rather than advanced bilateral neck disease
in many cases. It appears to us that when bilateral
neck disease is present the survival will be about as

good as the single most advanced side. This bias of

early disease in our N3b necks resulted in higher
survival rates and thus nonsignificant probability
values when 3b was compared to N2a or N2b.
When the 3b category is eliminated, however, the
AJC discriminated the neck classes in 11 of 13 possi
ble pairs.

The UICC system was not as successful in dis
crimination. There was no difference detected be-

TABLE 6. PAIRWISE COMPARISON OF EACH NODE
CLASS COMBINATION USING LEE AND DESU STATISTIC

AlC
Node
Class Probability_
0:1 p= .05
0:2a p = .000
0:2b p = .000
0:3a P = .000
0:3b p= .000
1:2a p = .008
1:2b p = .000
1:3a p = .000
1:3b p = .012

2a:2b p= .07
2a:3b p= .02
2a:3b p= .80
2b:3a p= .20
2b:3b p = .15
3a:3b p= .03

tween any of the N positive classes. The only dif
ference observed was when the NO neck was com

pared to an N + neck. In terms of prognosis, the
UICC system was only effective in discriminating
between the presence or absence of cervical node
metastasis.

In this study all patients were staged by UICC
and AJC T classes. Prior to 1977, the AJC and
UICC were identical for T classes for the three sites.
In 1977, the AJC changed the supraglottic T system
although it retained the identical tonsil and pyri
form sinus T classes. These changes, addressed in a

previous publication," resulted 'in discrepancies in

stage between the AJC and UICC. Thus the num

bers of cases is different in the various stages of the
UICC and AJC systems as seen in Table 4. These
differences were the result of the new AJC system
moving the T1b supraglottic cancers to the T2 cate

gory. Patients with this T1 b classification moved in
to stage II leaving stage I AJC with patients having
a better prognosis. This shift resulted in our obser
vation of a statistically significant pairwise discrim
ination between AJC stages I and II and not be
tween UICC stages I and II.

In conclusion, it appears that the AJC system of

staging cervical lymph nodes is significantly more

discriminatory in terms of estimating survival than
the UICC system. Consideration should be given to

revising this portion of the UICC system.
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TRACHEOTOMY VERSUS INTUBATION

A 19TH CENTURY CONTROVERSY

P. W. ALBERTI, MB, PHD, FRCS(C)
TORONTO, CANADA

The early history of tracheotomy and intubation is reviewed. Both techniques evolved to their modern formats during the 19th cen

tury stimulated by the need to treat diphtheria epidemics. Development of technical aspects of tracheotomy during the first half of the 19th
century, and of endotracheal and endolaryngeal intubation in the latter part, are reviewed.

Although tracheotomy and intubation were per
formed in ancient times, both evolved in the 19th
century from primitive beginnings to very near

their present forms.

It has been suggested that tracheotomy was prac
ticed by the Egyptians 3,500 years before the birth of
Christ, and Alexander the Great reputedly opened,
with the point of his dagger, the trachea of a soldier
given up for dead. 1 The sacred books of the Hindus
described tracheotomy more than 1,000 years BC;
Galen, Aretaeus, and the Arabs Rhazes, Avicenna,
and Avenzoar, wrote about it. Antonio Moussa
Brasavola performed laryngotomy in 1546 and, la
ter in the same century, Sanctorius left a trochar in
-a wound for three days. In 1620, Nicholas Habicut
recorded four successful cases of tracheotomy. Fab-
ricius' described the operation magnificently and
Casserius" illustrated it in a manner unparalleled
today. And yet in a review of the literature, Gary
K. Thomas could only find 12 verifiable successful
cases of tracheotomy performed up to 1825.1

Hippocrates used a right-angled tube to prevent
quinsy sufferers from choking to death. The Arab
physician, Avicenna, described intubation; in 1542
Marsalios performed it in a sheep trachea, and a

year later kept a dog alive by means of insufflation
through the trachea after removing its diaphragm,
pericardium and ribs. 1 Nevertheless, laryngeal intu
bation is generally credited to Desault who in the
early 19th century inadvertently intubated the tra
chea of a patient with a gum elastic bougie which
he was attempting to place into the esophagus
(nearly suffocating the patient with bouillion in

jected for nutrition), recognized what he had done,
then utilized the technique deliberately. The tech
nique was copied in Toulouse where the tubes were

passed through the nose." A single, infrequently
quoted case of intubation was undertaken by Robert
Liston in 18275 in which a 27-year-old man, in at

tempting suicide, wounded his larynx through the
cricothyroid ligament, lost his voice entirely, and

had to breathe through a tube placed through the
wound. Liston dilated the larynx from below, start

ing with a bougie the size of a darning needle, and
over a 3-month period brought the larynx to its
natural diameter. Then he inserted a tube from be
low, through the larynx, out into the mouth, and
into the trachea, leaving a 22.5-cm tube retained in
the windpipe for 15 days. When the tube was re

moved, further difficulty in breathing occurred.
However, tracheotomy was performed and kept in

place for only five days; the tracheotomy wound
was closed; the patient breathed normally, and the
voice recovered. Heroic surgery in the absence of
anesthesial

Wright" mentions that Louiseau revived intuba
tion in 1840, and according to Waxharn,? Bouchut
revived it again in 1858. However, the practice did
not really take hold until later; the early part of the
19th century belongs to tracheotomy.

The primitive state of medicine at the start of this
period was noted by Thomas Jefferson, an outspoken
critic of medical practice, who wrote that "the inex

perienced and presumptuous band of medical tyros
let loose upon the world destroys more of human
life in 1 year than all the Robin Hoods, Cartouches,
and Macheaths do in a century.:" The primary
agents of destruction in this onslaught were blood
letting and mercury. A good example of this type of
heroic therapy is given by Beck" describing a physi
cian who developed respiratory difficulty almost cer

tainly due to diphtheria. In a seven-day period in

1823, he was bled of 4.2 L of blood (just over 1 US
gallon) and was treated with antimony, ipecacuan
ha, tartar emetic, a blister on the throat, leeches on

the neck, a blister on the chest, calomel, and
James's powder. After his teeth became loose from
the calomel it was stopped and replaced by Dover's
powder (which also contained mercury). He was

bled a further 0.48 L and was given more emetics
which made him faint. Being of sturdy constitution,
however, he recovered. Beck did not recommend a
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tracheotomy in this case, and even when he did, of airway management based on tracheotomy in
would not use a tube, which he felt caused intoler- which he was followed by the great Trousseau. IS

able irritation with violent fits of coughing. Thus, in France, tracheotomy became the standard
management for airway obstruction in diphtheria,
management which was to remain standard prac
tice in France for three quarters of a century.
Although survival following tracheotomy was hard
ly more than 25 %, it marked a great advance over

previous survival rates.

An example of primitive use of more modern tech
niques is given by Craigie'? in 1828. A 56-year-old
man was choking from an abscess in the neck and
was close to death from suffocation. There was not
time for the young Dr Craigie to get professional
assistance, so he took his penknife, made a vertical
incision in the neck, introduced the point of the knife
under the cricoid cartilage, divided the upper two

rings of the trachea, and inserted two feather quills
as a substitute for a tracheotomy tube. The tubes
became intermittently obstructed and there was

much coughing, but gradually the patient's breath

ing became easier and things were going well until
the assistant holding the candle for illumination
fainted. When the candle went out, both tubes
slipped out of the wound and the patient again
nearly suffocated before the quills could be found
and reintroduced. Fortunately, the abscess burst,
pus was coughed out and swallowed, the swelling
settled, the wound remained opened on its own long
enough for the patient to regain normal breathing,
and he recovered.

By this time in the 19th century, tracheostomy
without a tube was also being performed to remove

foreign bodies from the trachea and bronchus. The
operations usually relied on a wide opening; the
stimulation of opening the trachea produced. so

much coughing that the foreign body was coughed
out. Failing this, a variety of forceps was devised
for the blind probing and removal of foreign bodies
from the lower trachea and main bronchi as well as

the larynx. These matters and the techniques applied
are described in a classical account by Grossi I

which summarizes the surgical management of for
eign bodies in the airways prior to the development
of laryngoscopic and endoscopic techniques.

The history of intubation and tracheotomy in the
19th century is surely also the history of diphtheria.
This disease spread sporadically in epidemic form

throughout Europe and the Americas. Known in

antiquity as the disease of Perinthe, in the 16th cen

tury as the deadly angina or esprunella, in the
Iberian Peninsula as garrotillo, gangrenous angina,
morbus strangulatorius, angina suffocant, paedan
chone maligna (literally, malignant child throttl
ing), and malignant angina, diphtheria was popu
larized in the English language by Francis Home as

croup.2,12,13 It was epidemic in France in the early,
and again in the mid-19th century. In 1807, the son

of Louis Bonaparte, nephew of Napoleon Bonaparte,
died of diphtheria. Napoleon called for work on

diphtheria and offered a grand prize for new in

sights into the disease. I This stimulated an enor

mous amount of work on diphtheria and the man

agement of airway disorders, including the classic
work of Bretonneau 14 who gave the first modern ac

count of the disorder. He initiated the French school

During the first half of the 19th century the tech
nical aspects of tracheostomy were still being devel
oped. Operations were performed without anesthe
tic as frequently in the sitting as in the lying posi
tion, and the operative technique itself varied wide
ly. Letixerant" describes the technique of Monsieur
Recamier who recommended that once an incision
was made down to the trachea, the trachea itself
should not be incised for 12 or 24 hours afterward to
make sure all bleeding had stopped. By contrast,
Guersant and Trousseau." described bold, incisive

surgery, including immediate opening of the tra
chea. The conditions under which the operations
were performed were appalling: there was inade
quate illumination, patients were struggling and
awake, and since there were no standard tubes,
tubes had to be invented. There was no suction, ex

cept the courageous surgeon sucking with his mouth
from the wound, and all too often, himself succum

bing to the diphtheria from which his patient suf
fered. There was no standard for tracheostomy
tubes - although Casserius in the 16th century had
described the quarter-arc of modern tubes, that had
long since been forgotten - and tubes tended to be
short, straight, and irritating to the trachea. Per
foration of the tracheoesophageal wall was regular
ly described. The details of individual shaping of
tracheostomy tubes are beautifully illustrated in
Bulliard's observations in a case of adult croup.17

Guersant noted perceptively in 1835 that trache
otomy did not usually succeed in croup because "no

precautions were afterwards taken to ensure its ad
vantages. The mere performance of the operation
does not alone constitute a cure. Success depends es

sentially on all means which are employed to facili
tate the free access of air by means of a wide can

nula, well adapted to favour the elimination of
membraneous strips while at the same time the re-

.

newal of the false membrane is opposed by the em

ployment of local applications."15

The term bronchotomy, which was common, en

compassed both tracheotomy and laryngotomy. All
three terms were used and were not always easily
distinguishable from each other. Certainly there
were many recorded cases of division of the crico

thyroid membrane and high tracheotomies which
compromised the cricoid cartilage. As a result there
was abundant laryngeal disruption. It was recog
nized that in croup (diphtheria) at any rate, the
lower the tracheotomy, the more likely it was to be
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below the membranous obstruction, although this
could extend into the trachea and bronchi. This is

beautifully illustrated by Bell in Cheyne's book The
Pathology oj the Membrane in the Larynx and
Bronchi, 18 published in 1809. However, low trache
otomy was difficult and the thyroid isthmus was a

problem, engorged veins troublesome, the innomi
nate artery and brachiocephalic vein ever-present
hazards, and, in children, the trachea was some

times difficult to find. Although there were still
those in the 1850s and even later who felt that tra

cheotomy was an unwarranted intrusion, neverthe
less its indications and techniques were well estab
lished by midcentury. The need to clean the tube,
the need for a double tube, and the need for moisture
were all well known. A great advance was made
with the adoption of loose flanges to hold the tube
in place, which allowed mobility between the flange
and tube itself. Nevertheless, there are tragic cases

on record of tubes breaking and obstructing the
bronchi. 19,20

In diphtheria, the tracheostomy was in place for

eight to ten days although the range was from four
to 50 days, but in chronic laryngeal afflictions the
period was much longer. Solis Coherr'" comments
on the slow corrosion of metal tubes and notes that
some patients kept them in place literally for years
without changing them. In 1879, he described one

patient who had worn a tracheotomy tube for 40

years and another patient who had worn one for 46

years.

Now we return again to the renaissance of intu
bation which had many false starts, largely for tech
nical reasons: the difficulty of blind intubation, the
lack of appropriate materials, and above all, lack of
appropriate means of cleaning plugs of mucus from
the long tubes which were initially employed. It is
indeed ironic that after Desault had capitalized on

his inadvertent endotracheal intubation when at

tempting to pass a tube into the esophagus, the last
of the great prelaryngoscopic laryngologists, Hor
ace Green, became embroiled in a vitriolic contro

versy in the 1840s over his claim to introduce medi
cation directly into the larynx which was widely be
lieved to be impossible. As described by Miller,
Green used intubation to put medication directly
into the lung in cases of tuberculosis and demon
strated beyond doubt that he had intubated the tra
chea by having a patient blowout a candle through
a tube passed through the mouth. 21

Incidentally, Green was extremely pessimistic
about tracheotomy for croup. He said, "So difficult
and dangerous have I considered the operation and
so very small the chances of success attending it,
that in no case which has fallen under my notice
have I deemed the performance of tracheotomy at all
justifiable".22 By contrast, Slade, in his Fisk prize
essay, "Diphtheria, its Nature and Treatment,"23
published in 1861, stated that tracheotomy should
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unhesitatingly be undertaken for the safety of pa
tients to save them from what experience teaches us

is otherwise certain death.

The next faltering step en route to intubation was

made by Bouchut." He devised short metal tubes
which were placed through the cords barely below
the glottis, introduced by means of a hollow sound,
and having a thread 'attached to remove them.
Bouchut, who was an eminent but at the time young
and brash Parisian physician, was so enthusiastic
about his new technique that he condemned trache
otomy and lost the support of the medical establish
ment. The Paris Academy appointed a committee

including the famous Trousseau, to investigate
claims for this procedure; it was roundly condemned,
thereby delaying its development for the treatment
of diphtheria and other disorders for a quarter of a

century, when at about the same time, but for very
different reasons, Macliwen" in Glasgow and
O'Dwyer" in New York developed endotracheal
tubes.

MacEwen, one of the great surgeons of his era,
wished to devise a safe means of respiration and
anesthesia for a patient undergoing a potentially
hemorrhagic operation in the mouth. 24 He prac
ticed passing tubes into the trachea, first at autopsy
and then on a living patient. He was attempting to
avoid the necessity of undertaking a tracheostomy
and using Trendelenberg's tampon cannula. From
the beginning, he wished to seal the larynx and tra
chea from blood and suggested either the use of a

sponge cloth or inflation of a circular, closely-fitting
bag. He found that an awake patient could, with
practice, learn to accept such a tube and on July 5,
1878, removed a massive oral tumor by means of a

mandible-splitting procedure, the patient receiving
his anesthesia through an intraoral endotracheal
tube. He also described the use of a similar tube for
the management of an acute case of edema of the
glottis in an adult, the result of a laryngeal burn
produced by aspirating a boiling hot potato. He also
used it in infectious edema of the larynx in an adult.
MacEwen also quotes Schrotter and Hack's use of
endolaryngeal tubed dilators to obtain an airway
through laryngeal stenoses. MacEwen's ideas were

far ahead of his time and it took another half cen

tury before endotracheal anesthesia took firm hold.

Meanwhile in New York City, where diphtheria
was rampant, and where in 1875 2.23 deaths per
1,000 population occurred from this disease,
O'Dwyer, unaware of the work of Bouchut, pa
tiently developed a series of tubes for the manage
ment of airway obstruction in laryngeal diphtheria. 25

Initially he experimented with bivalved tubes with
wire heads covered by rub-ber, which proved inef
fective. He then substituted straight tubes, which
were elliptical in section, for the bivalved ones. Un

fortunately, they were often ejected in a few hours.
Their heads were small and sometimes passed



66 Alberti, Tracheotomy Versus Intubation

through the glottis and into the trachea. The heads
of the tubes were made larger, the center of the tube
was given a bulge and gradually, painstakingly, it
evolved into an effective therapeutic tool.

Waxham 7 gives a good history of the development
of O'Dwyer's tubes and comments that there was

every need to protect the operator's fingers and for
him to wear a mask, for he describes the death of

physicians bitten by patients in the attempt to intu
bate them, a procedure which was apparently done
swiftly but was not for the faint of heart. Waxham
makes the point again that intubation is but part of
the treatment of the patient with croup. There is
need for aftercare, such as steam, and he describes a

steam terit. He gives a good comparison between
the values of intubation and tracheostomy. Interest

ingly, intubation is recommended for the poor,
where the aftercare so necessary for tracheostomy
would be unavailable. The operation is quicker
than tracheotomy, there is no open wound and no

danger of septicemia, there is less irritation than
from a tracheotomy tube, no wound to close, and
consent is more readily given.

Bosworth." gives a balanced, end-of-the-century
account. He points out that it is easier to intubate
than to perform a tracheotomy, but that the tubes
are narrow and run the risk of being blocked by se

cretion. There is a risk that the tubes cause erosion
of the larynx that leads to stenosis, although in prac
tice this seems to have been rare. He pointed out
that in practical terms the percentage of recoveries
from the two operations was the same, 27.1 % from

tracheotomy, and 27.2% from intubation. The

younger the child, the more likely intubation was to

save him; the older the child, the more likely tra

cheostomy. There is no doubt, however, that in the
last two decades of the 19th century the lives of
more children were saved by intubation than by all
the tracheostomies performed to that time. Tubes
were left in for remarkably long times. In 158 suc

cessful cases collated by O'Dwyer, the average time
was five days and the longest 14 days. The younger
the patient, the longer the tube was needed.

In an outstanding publication, Calatti" reviews
the outcome and problems of intubation, and de
scribes 18 of 31 patients who survived, two of whom
developed strictures of the larynx. One patient, a

20-month-old child, had. a total of 436 hours of in
tubation over 22 days, being intubated a total of ten

times in that period, after which tracheostomy was

necessary. The child ultimately died and autopsy
revealed a gross perichondritis in the region of the
cricoid cartilage. An 18-month-old girl suffering
from diphtheria was intubated 12 times for 215
hours over a nine-day period until tracheotomy was

performed, after which extubation was extremely
difficult because of granulation. She developed
laryngeal stenosis. Laryngofissure was performed
and the stenosis treated by means of Thiersche skin

graft from the left thigh, followed by a dilating can

nula. The child ultimately died. However, Calattf"
describes others who were dilated for more than 1

year and recovered, and others who recovered spon
taneously from stenosis. He states that this was a

rare complication, quoting Heubner who had only
one in 250 intubations and Bokiai who had two in
over 800 intubations, both when the tube was in for
a very long time. He describes other cases of success

ful, long-term intubation, ranging from 240 to

1,200 hours, states that the strictures were as often
the result of the mucosal disease of the larynx as of
trauma from the tube, and indicates that irrespec
tive of laryngeal intubation or tracheotomy, with
mucosal disease, there is a prospect of stricture. He
comments on the possibility of subglottic edema and

scarring, excessive granulation tissue, tracheal col

lapse, sloughing of the anterior wall of the trachea,
and glottic spasm.

Intubation was used to treat not only diptheria
but also chronic stenosis of the larynx. O'Dwyer be
lieved that intubation was equally important in

both cases. This versatility was well reviewed by
Delavan.28

The 19th century started with accidental intuba
tion of the larynx and tracheotomy an accepted but

hardly successful procedure; it ended with the indi
cations for and the techniques of tracheotomy well
worked out, but with intubation for airway ob
struction triumphant. Jacobi, 29 the founder of
American pediatrics, wrote in the late 1870s that

"tubage was rendered ridiculous at once by the
assertion of Bouchut, 1858, that children suffering
from croup who were supplied by the laryngeal
tube were not only relieved at once, but expressed
their gratitude in audible oratory. Still, there are

cases of more recent date in which tubage is reported
to have been attended with success. It is not very
probable, however, that a larynx that admits of no

air, because of its being clogged with firm, pseudo
membrane, should be willing to admit and endure
the presence of a tube." Within five years, Jacobi
was willing and anxious to admit that he had been
mistaken. By 1887 he was and had been for some

time convinced of "the correctness of everything
that had been claimed for intubation, and was look- .

ing forward for such improvements in instruments
and methods as would make intubation more and
more both easy and successful."

Perhaps the last word might be left with
Bouchut, who wrote in 1887 that "tubage of the lar

ynx, which the enemies of the author believed dead,
stirs itself beneath the shroud of academic elo

quence in which it was involved ... it appears that
it has come to life again and its merits are being
discovered in America . . . tubage has been buried
alive and after 30 years I am witness of its resurrec

tion."? The management of epiglottitis in the 20th

century has surely followed a similar course.



Alberti, Tracheotomy Versus Intubation

REFERENCES

1. Guerrier Y, Mounier-Kuhn P. Histoire des maladies de

l'oreille, du nez et de la gorge. Paris: Les Editions Roger Dacosta,
1980.

2. Stevenson RS, Guthrie D. A history of otolaryngology.
Edinburgh: E & S Livingstone, 1949.

3. Casserii J. Vocis auditus organis, historia anatomica. Fer
rarae Baldimus, Typograph Camerilas, 1600.

4. Ryland F. A treatise on the diseases and injuries of the

larynx and trachea. Birmingham, England: Longman, Rees,
Orme, Brown, Green, and Co, 1837.

5. Liston R. A case in which the canal of the larynx after be

ing nearly obliterated was re-established. Edinburgh Medical and

Surgical Journal, Jan 1828; quoted in the American Journal of
Medical Science 1828; 2:214.

6. Wright J. The nose and throat in medical history. St Louis:

Laryngoscope Publishing Co, 1902.

7. Waxham FE. Intubation of the larynx. Chicago: Truax,
1888.

8. Hempstead GSB. Reminiscences of the physicians of the
first quarter of the present century .... Cincinnati Lancet and
Clinic 1878; 40:34; quoted in W. G. Rothstein, American physi
cians in the 19th century - from sects to science. Baltimore:

Johns Hopkins University Press, 1972.

9. Beck JB. An essay on laryngitis. New York Medical and
Physical Journal, 1824; 3:397-429.

10. Craigie W. A case in which tracheotomy was successfully
performed. Edinburgh Medical and Surgical Journal, Jan 1828;
quoted in the American Journal of Medical Science 1828; 2:2-3.

11. Gross SD. On foreign bodies in the air passages. Phila
delphia: Blanchard and Lea, 1854.

12. Mackenzie M. Diphtheria: its nature and treatment. Phila
delphia: Blakiston, Son & Co, 1881.

13. Still GF. A history of paediatrics, 1931; reprinted Dawsons
of Pall Mall, 1965.

14. Bretonneau P. Inflammation speciales du tissu mugneux et

en particulier de la diphtherite. Paris, 1826.

67

15. Trousseau on diphtherite. Dictionnaire de medicine, 1835.

Semple RH, trans. Memoirs on diphtheria. London: New

Sydenham Society, 1859.

16. Letixerant EN. De la tracheotornie chez les enfants atteints
de croup [MD thesis]. Paris, 1852.

17. Bulliard PF. Observations sur en croup d'adult. Paris:

Bailliere, 1829.

18. Cheyne J. The pathology of the membrane of the larynx
and bronchi. Edinburgh: Mundell, Doig and Stevenson, 1809.

19. Thornton WP. On tracheotomy especially in relation to

diseases of the larynx and trachea. J. A. Churchill, approx 1876.

20. Solis Cohen J. Disease of throat and nasal passages: a guide
to the diagnosis and treatment of affections of the pharynx, esoph
agus, trachea, larynx and nares. 2nd ed. New York: William
Cohen, 1879.

21. Miller WS. Horace Green and his probang. Johns Hopkins
Hosp Bull 1919; 30:246-52.

22. Green H. Observations on the pathology of croup. New
York: John Wiley, 1849.

23. Slade D. Diphtheria, its nature and treatment. Philadel

phia: Blanchard & Lea, 1861.

24. MacEwen W. Clinical observations on the introduction of
tracheal tubes by the mouth instead of performing tracheotomy
or laryngotomy. Br Med J 1880; 122-4, 163-5.

25. O'Dwyer JP. Two cases of croup treated by tubage of the

glottis. New York Medical Journal 1885; 42:146-51.

26. Bosworth FH. Textbook of diseases of the nose and throat.
3rd ed. London: Bailliere, Tindall and Cox, 1899.

27. Galatti D. Ueber narbenstricturen nach intubation. Jahrb
Kinderheilkd, 1896; 42.

28. Delavan B. Intubation in chronic stenosis of the larynx.
Medical News, March 19, 1898.

29. Jacobi A. Intubation of the larynx. New York Academy of
Medicine, meeting of June 2, 1887, published in the Medical
Record, June 18-25 and July 23, 1887.



ANESTHESIA FOR LARYNGOSCOPY

BRUCE BENJAMIN, FRACS

SYDNEY, AUSTRALIA

The requirements of anesthesia for laryngoscopy and microlaryngeal surgery must be compatible with maximum safety and minimum

patient discomfort. Some techniques require the use of an endotracheal tube while some do not. Others use a modified tube or a jetting
system. In general, for pediatric endoscopy we prefer spontaneous respiration with inhalational anesthesia supplemented by topicalligno
caine (lidocaine), and in adults, a relaxant technique with controlled jet ventilation supplemented by topical lignocaine. A new pediatric
microlaryngoscope and a new tube for jet ventilation in older children and adults are described.

Direct laryngoscopy has been performed using no

anesthesia, using topical and nerve block local anes

thesia, and using general anesthesia. With advances
in endoscopy, especially the advent of rnicrolar
yngoscopy, the methods of general anesthesia have
changed and many methods are currently used. The
choice of technique depends on the anesthetic

agents available, the methods of ventilation to be
used, the general state of the patient, but mostly on

the procedure to be performed and the require
ments of the surgeon. For example, there are dif
ferent requirements for endoscopy in an infant in
the investigation of stridor, for direct laryngoscopy
and biopsy of a malignant tumor causing partial
airway obstruction in an adult, for panendoscopy
for a suspected but unproven tumor, for microlar
yngoscopy and removal of a vocal nodule, and for
carbon dioxide laser surgery with precise destruc
tion or excision of diseased tissue. Each patient and
each procedure presents different problems. The

techniques of anesthesia must encompass the range
of laryngeal, endoscopic, and microsurgical pro
cedures, and must be suitable for patients of all ages
- premature babies, infants, children, adults, and
geriatric patients.

The ideal requirements for anesthesia include
safety, simplicity, rapid induction and prompt,
comfortable recovery; an immobile, unobstructed
larynx; satisfactory control of the airway and of
ventilation; no time restriction for surgical proce
dures or for photographic documentation; and con

ditions that allow observation of the dynamics of
the larynx and yet prevent aspiration. These ideals
must be compatible with maximum safety and min
imum patient discomfort. Many demanding prob-

lems confront the endoscopist and the anesthesiolo
gist, sometimes unexpectedly, so that mutual un

derstanding and teamwork are essential to safely
share access to the airway. All anesthetic techniques
for laryngoscopy have certain disadvantages and
possible complications. The actual and potential
problems for each case must be discussed by the

anesthesiologist and the surgeon before commenc

ing the procedure.
CURRENTLY AVAILABLE TECHNIQUES

CHILDREN

Table 1 summarizes our experience 'with endo
scopic procedures with children.

No Anesthesia. This approach has very little ap
plication in thorough diagnostic endoscopy, or

where any form of laryngeal surgery is required,
and cannot be recommended. It may, however, oc

casionally be safest to intubate a very sick neonate

"cold." It may be sometimes preferable to intubate
a baby with a difficult airway problem such as may
occur, for instance, in the Pierre-Robin syndrome,
without general anesthesia.

General Anesthesia Using Tube. An endotracheal
tube will allow visualization of the anterior part of
the larynx but will partially obstruct the surgeon's
view of the remainder of the larynx and the subglot
tic region. The presence of a tube precludes accur

ate assessment of laryngeal movement. However, in
cases with severe obstruction, eg, large papillomata
or a subglottic hemangioma, intubation may be
necessary initially to secure the airway, stabilize -

anesthesia, and allow thorough assessment of the
pathological condition before planning further
management.

TABLE 1. ENDOSCOPIC PROCEDURES UNDER GENERAL ANESTHESIA IN 8- YEAR PERIOD IN CHILDREN*

1976 1977 1978 1979 1980 1981 1982 1983

Laryngeal laser 37 38 101 115 71 79 49 88

Laryngoscopy, bronchoscopy 383 372 453 424 515 512 471 539

Total 420 410 554 539 586 591 520 627

'Royal Alexandra Hospital for Children.

From the Sydney Hospital, and the Royal Alexandra Hospital for Children, Sydney, New South Wales, Australia.

Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 5-6, 1984.
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TABLE 2. LARYNGOSCOPIC AND
MICROLARYNGOSCOPIC PROCEDURES

IN 3-YEAR PERIOD IN ADULTS'

1981 1982 1983

Laryngeal laser 53 46 53

Laryngoscopy, microlaryngoscopy 37 53 50

Total 90 99 103

'Sydney Hospital.

General Anesthesia Without Tube. Among inha
lational techniques with spontaneous respiration,
that using nitrous oxide, oxygen and halothane with
topical anesthesia is favored. 1-3 We regard the com

bination of general and local anesthesia as most im

portant. Details of our own technique are discussed
later.

ADULTS

Table 2 summarizes our experience with laryngo
scopic procedures in adults.

General Anesthesia Without Tube. Nonintuba
tion techniques in adults include the use of cuirass

respirator, ether, and the apneic technique, but
each of these has now been discarded. The tech

niques of general anesthesia that apply to microlar
yngeal surgery and are used today generally involve
either endotracheal intubation, a catheter for insuf
flation, or a specially designed tube for jetting.

General Anesthesia Using Tube. The tubes can be
cuffed or uncuffed, of small or large diameter, and
of various lengths. Rubber, plastic, armored, and
metal tubes all have been used and each has its own

proponents. The most widely used is a cuffed plastic
tube of as small a diameter as is compatible with

adequate ventilation. This may be acceptable to the

surgeon in a patient with anterior glottic or supra
glottic disease, but is unsuitable for a patient with

posterior or subglottic disease.

69

General Anesthesia Using Catheter. Insufflation
techniques with a catheter either above the cords or

more usually below them in the trachea can be used
with either spontaneous respiration or with a relax
ant technique.t' Visualization for the surgeon is
better but control of prolonged anesthesia may be
poor. With an apneic relaxant technique there may
be unduly prolonged periods of apnea and carbon
dioxide accumulation.

General Anesthesia Using Jet Ventilation. These
techniques are well known and maintain satisfac
tory conditions for long periods of time. Injector
systems include jetting from the proximal end of the
laryngoscope, at the distal' end of the laryngoscope,
just above the vocal cords, and within the trachea,
and also transtracheal stylet placement. Although
techniques where jetting occurs in the lumen of the
laryngoscope have the advantage during laser mi

crolaryngoscopy of absence of a potentially combus
tible tube, we prefer not to use them. There are un

wanted forced movements of the vocal cords with
each ventilation; the laryngeal mucosa has a ten

dency to become dry; and tissue, blood, and other
secretions can be forced into the trachea. The
"open" nature of ventilation makes accurate vol
ume delivery difficult.

High frequency jet ventilation" is said to show
promise but we have had no experience with it. We
use a tube specially designed for safe jetting with a

relaxant technique. Details are discussed later.

LARYNGOSCOPES

A range of laryngoscopes should be readily avail
able. The design must not only allow optimum ex

posure of the laryngeal structures but it must also be

Fig 1. Microlaryngoscope and self
retaining holder resting on overta

ble firmly fixed to operating table.
Whole assembly moves together if
operating table is raised, lowered,
or tilted. Note pressure-limiting
valve in jetting device and also
nasopharyngeal tube in right side
of nose.
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compatible with whichever technique of anesthesia
is to be used.

The larynx and pharynx are examined with the
naked eye, followed by a more detailed evaluation
using the Hopkins rigid telescopes for a magnified
image." After direct laryngoscopy both with and
without telescopes we then proceed to microlaryn
goscopy.

In other words, the two methods are combined so

that a preliminary survey of the laryngopharynx is

accomplished with the hand-held laryngoscope and
the Hopkins telescopes, and then a suitably sized en

dolaryngeal microsurgical speculum is placed and
held in position by a self-retaining jack, ready for
the appropriate surgical procedure. During these
examinations when different laryngoscopes are used
and the microlaryngoscope is finally adjusted, the

technique of anesthesia must be adaptable to allow
unhurried, leisurely manipulation by the surgeon.

There are many different laryngoscopes available
for microsurgery; those with modern design should
have a wide proximal end to allow binocular vision
and adequate entry of both suction and instruments
so that two hands are available for endolaryngeal
manipulation. The rod of the self-retaining holder
should rest on an overtable rather than on the pa
tient's chest where it might restrict respiration and
so significantly affect the conditions of anesthesia
(Fig 1).

OUR TECHNIQUES
Small Diameter Endotracheal Tube. Complete

surgical exposure of the larynx and subglottic area

cannot be obtained using a standard endotracheal
tube, as the tube obscures the posterior part of the

Fig 2. Comparison of standard
cuffed endotracheal tube to micro
laryngeal tube of same length but
smaller diameter. Benjet tube (2.8
mm) is show below.

larynx. In selected cases a .small diameter tube may
be preferred by the anesthesiologist and acceptable
to the endoscopist, particularly where the disease is
known to be supraglottic or in the anterior part of
the larynx. We have found the Portex microlaryn
geal cuffed tube very satisfactory (Portex Limited,
Hythe, Kent, England; Fig 2). It has an outside
diameter of 7.2 mm and an inside diameter of 5.0
mm, and is 30 ern long. Satisfactory ventilation can

be achieved although the expiratory phase may be
prolonged. In children who require intubation a

small diameter standard uncuffed polyvinyl chlor
ide tube is used. Extra length of the tube is helpful
to lead from the side of the mouth away from the
laryngoscope.

Other indications for use of a small diameter tube
include preexisting upper airway obstruction where
intubation is desired to secure safe ventilation,
"poor-risk" patients with significant preexisting re

spiratory and/or cardiovascular disease, and for
older children when insufflation techniques do not

give adequate control. Also, when an anesthesiolo
gist is working with an endoscopist whose technique.
is not known to him, perhaps in unfamiliar sur

roundings, placement of an endotracheal tube
always gives a sense of security.

Jet Technique. There are many methods that uti
lize the Venturi jet or a modified technique with in
termittent bursts of high pressure oxygen.4-6,8-11
General anesthesia with a muscle relaxant achieves
nearly ideal conditions when a peroral translaryn
geal endotracheal catheter of very small diameter is
used to maintain adequate gaseous exchange.

We use a specially designed small diameter jet
tube, 12 the Benjet tube (Tuta Laboratories, Sydney,
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Fig 3. Benjet tube in position for microlaryngoscopy. Four

plastic flanges stabilize distal tip of tube in center of lumen
of trachea.

Australia; Fig 2) for almost all adults and most

children over the age of about 10. A jet system is at

tached to the proximal end of the Benjet tube by a

Luer-Lok connection. The outside diameter of the
tube for adult use is 4.0 mm and the outside diame
ter of the tube for children and small adults is 2.8
mm. The tube is easy to introduce and remove, can

not be kinked or obstructed by pressure, and is
unobtrusive in the larynx, lying conveniently in the

posterior commissure, allowing the surgeon an ex

cellent view of the surgical field. If necessary it can

be displaced by the laryngoscope to the anterior
commissure so that the surgeon can work in the pos
terior part of the glottis. Access and visualization
for the surgeon are excellent.

Proper placement of the tube is assessed visually,
a mark on the tube acting as a guide so that the
distal end of the tube is in the midtrachea, Jet ven

tilation is never commenced until a laryngoscope is

placed to view the glottic opening and ensure ex

piration. Ventilation of both lungs is checked by
auscultation before the tube is fixed to the face by
strapping. Movement of the chest is the usual clini
cal guide to adequacy of ventilation. Special care

must be taken in patients with poor lung and chest
wall compliance, especially the obese. Maintenance
of anesthesia is usually by continuous infusion of a

short-acting barbiturate such as methohexital to

gether with a continuous infusion of succinylcholine
or use of a long-acting relaxant. In adults a ,6-block
er such as propranolol, 40 mg orally two hours pre
operatively, is given to minimize hypertension and
tachycardia.

This method makes injection of a vocal cord with
Teflon or Gelfoam paste under general anesthetic
an, accurate and acceptable technique. There is no

endotracheal tube to obstruct or distort accurate

placement of the paste. Temporary cessation of the
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succinylcholine drip will allow vocal cord move

ment to return for a short time so that placement of
the paste can be judged precisely.

The tube is especially useful for laser surgery in
the larynx. Although theoretically flammable after
laser ignition in a low-flow oxygen environment, a

tube of such small diameter can be easily displaced
into the anterior or posterior part of the larynx so

that with ordinary care by the operator the laser
beam may be used at a safe distance from it.

The expiratory phase must be unimpaired at all
times. Use of the Benjet tube is contraindicated in
the presence of significant laryngeal obstruction,
eg, an obstructing carcinoma, a large mass of papil
loma, or bilateral vocal cord paralysis.

The Benjet tube ensures even distribution of gases
because the distal tip of the tube is maintained cen

trally located in the trachea, stabilized by the four

plastic petals. As the end cannot impinge on the tra
cheal mucosa to cause a mucosal tear or a traumatic

laceration, the potential complication of a jet blast
causing rupture of the trachea is avoided (Fig 3).
Other techniques merely rely on a long, free-lying
catheter, but a potentially dangerous "whip" effect
can occur as each jet blast causes the distal end to
lash about in the trachea. Pneumomediastinum and
pneumothorax are well-known complications of jet
ventilation": 11.13, 14 with nonstabilized catheters, es

pecially in children. is

It is our opinion that anesthetic techniques that
use high pressure jet ventilation should be employed
only by an experienced anesthesiologist and surgeon
who are able to recognize the potential complica
tions and take appropriate action for management.

Inhalational Technique for Infants and Children.
The most common anesthetic technique in pediatric
endoscopy avoids the use of an endotracheal tube
and relies on spontaneous respiration using insuffla
tion of nitrous oxide, oxygen, and halothane.r""
This applies especially to diagnostic endoscopy in
infants where unhurried assessment of vocal cord
movement and laryngeal dynamics is essential. Some

anesthesiologists prefer to add methoxyflurane to

the gaseous mixture, regarding it as a supplement to

provide additional analgesia that "srnoothes out"
the procedure. In the case of an ill child, oxygen
only with halothane would be used.

For premedication, atropine alone is used for
babies and for most older children. In selected older
children perhaps the combination of either meperi
dine and atropine or papaverine hydrochloride and

hyoscine is given. A narcotic is not administered in
the presence of respiratory obstruction. If atropine
has not been given by intramuscular injection it is

given intravenously at or soon after induction of an

esthesia. Atropine affords protection against brady
cardia and helps minimize secretions in the re

spiratory tract.
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the nose into the pharynx while the surgeon con

tinues direct laryngeal observation waiting to

observe and record the dynamics of laryngeal move

ment.
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Fig 4. Laryngoscope for microlaryngeal surgery in infants
and children. Side channel is for insufflation of anesthesia

gases. Jet ventilation can be used in older children.

Induction may be with thiopental or by inhala
tion with the face mask. In either case a venipunc
ture is always performed and an intravenous route

secured as early as possible. A muscle relaxant is
drawn up ready to be given if required, eg, for per
sistent or uncontrolled spasm or removal of a dif
ficult foreign body.

Topical anesthesia, up to maximum of 5 mg lig
nocaine (lidocaine) Ikg is used as a 4 % solution in
older children and is usually diluted with saline to

make a 1 % or 2 % concentration in infants to give a

sufficient volume to handle conveniently. It is

sprayed on the epiglottis, larynx, and trachea to

minimize unwanted reflex activity." We regard this
combination of general and local anesthesia as most

important as it has virtually abolished laryngeal
spasm during endoscopy.

Anesthetic gases are stopped altogether at the end
of a diagnostic procedure and oxygen alone is -ad
ministered by a small diameter tube passed through

For microlaryngoscopy, gases are delivered through
a wide-bore needle, inserted into the new Benjamin
pediatric microlaryngoscope (Karl Storz GmbH &
Co, Tuttlingen, Federal Republic of Germany; Fig
4). In this way the anesthetic gases are insufflated
very close to the glottic opening, thus maintaining
the concentration. To minimize contamination of
the trachea, blood, mucus, or foreign tissue is

carefully suctioned away from time to time. Ab
solutely clear access to the larynx without the ob
struction of a tube is obtained, and this method,
with no endotracheal tube in the larynx, is especial
ly useful for laser surgery.

2.7

Anesthesia is easily maintained at an adequate
depth by insufflation and spontaneous respiration
in children up to approximately 10 years of age.
Over this age the techniques applying to adults may
be necessary in selected cases.

SUMMARY

A technique for the full range of endolaryngeal
surgical and microsurgical techniques in patients
from prematurity to old age must be available. In

general, our own preference is the technique of

spontaneous respiration with inhalational anes

thesia supplemented by topical lignocaine in chil
dren and a relaxant technique with controlled jet
ventilation supplemented by topical lignocaine in
adults. Use of these techniques and the absence of
anesthesia tubes will widen the scope of microlaryn
geal procedures and improve their results. Anew,
specially designed laryngoscope compatible for in
sufflation anesthesia for pediatric microlaryngeal
surgery and a new tube for jet ventilation in older
children and adults have been described in detail.
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EVALUATION AND TREATMENT OF RECURRENT SPASTICITY
AFTER RECURRENT LARYNGEAL NERVE SECTION

A PRELIMINARY REPORT

HERBERT H. DEDO, MD

SAN FRANCISCO, CALIFORNIA

KRZYSZTOF IZDEBSKI, PHD

Of 365 spastic dysphonia patients treated by recurrent laryngeal nerve (RLN) section to date, 44 (12 %) have experienced recurrence

of the spastic dysphonia. Most of these 44 patients had moderately severe to very severe spastic dysphonia before the RLN section was per
formed. We believe, therefore, that preoperative severity is an important predictor of the likelihood of recurrence. Twenty-eight patients
with recurrent spastic dysphonia following RLN section were further treated by one or more carbon dioxide laser thinnings of the paralyz
ed vocal fold. Following this procedure, 23 patients (50 %) achieved eradication of spasticity, while a mild degree of spasticity remained in
17 (39 % ). These findings lead us to conclude that even though spastic dysphonia may recur following RLN section, a viable secondary
surgical procedure is available.

INTRODUCTION

The predominant symptom of spastic dysphonia
is the strained-strangled voice quality which we term

"overpressure." 1 In addition to this core symptom,
spastic dysphonia patients may also demonstrate
such voice problems as breathiness, aperiodicity
(hoarseness), quaver, tremor, voice arrests, and
problems in achieving normal loudness." These
symptoms vary in severity among this patient popu
lation. Furthermore, there may be some fluctuation
of severity in a single patient as a function of emo

tional and environmental factors. Such a complex
and variable group of symptoms often makes diag
nosis of the disorder difficult, particularly in view
of the paucity of objective diagnostic criteria.":"
Variation in symptomatology may also be a factor
in the outcome of treatment for this condition.

In our series of spastic dysphonia patients treated
by recurrent laryngeal nerve (RLN) section, 88 %
achieved elimination of overpressure, the pathog
nomonic symptom of spastic dysphonia. Other au

thors report lower success rates because of high
(60 %) recurrence rates.>" Nevertheless, in our

series, 12 % experienced a return of spasticity in the
months following surgery. Multiple causes have
been suggested for this recurrence, including rein

nervation, repositioning of the paralyzed vocal fold
toward midline, lack of postoperative voice therapy,
and poor patient selection. 7-9

This preliminary report considers two issues con

cerning the recurrence of spastic dysphonia follow

ing RLN section: 1) is there an identifiable relation
ship between recurrence and the severity of preop-

erative symptoms; and 2) when spasticity recurs, is

secondary surgical treatment beneficial?

METHODS

Severity Assessment. To answer the question
regarding the relationship between recurrence and

preoperative symptom severity, we reviewed the
clinical records of the 44 (12 %) of our 365 patients
treated by RLN section during the past 8 years who
have experienced recurrence of spasticity. In our

more rigorous studies of the results of RLN sec

tion,7,1o.11 we used blind assessments by multiple
judges of preoperative and postoperative tape re

cordings. Although essential in research, this proce
dure can seldom be applied in routine clinical prac
tice. For the purposes of this report, therefore, we

reviewed preoperative assessments of severity re

corded according to our routinely used clinical
scale. That scale ranges from 1 (mild) to 5 (very
severe). Patients with mild symptoms (1) display oc

casional overpressure with infrequent voice arrests.

Patients considered moderately severe (2 and 3)
show more obvious overpressure and more frequent
voice arrests. Patients ratedas severe (4) show con

stant, marked overpressure and frequent voice ar

rests. In addition to the previously identified symp
toms, the most severe patients (5) have nonsegmen
tal syllabification of voiced segments within each
utterance, ie, they can only utter one syllable at a

time, each with extreme effort and broken vowels.
Voice, head and neck, and hand tremors, facial
grimaces, and neck muscle contractions may be
present in all severity categories; however, these
symptoms are most often associated with severity
ratings of 3 to 5.
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Secondary Surgical Treatment. Our secondary
surgical treatment for recurrence of spastic dys
phonia following RLN section entails carbon diox
ide (C02) laser thinning of the paralyzed vocal fold.
Thinning achieves the opposite effect of a Teflon in

jection, which is used to move the free edge of the
vocal fold medially to improve firmness of closure
and thus strengthen a breathy, weak voice. 12,13 The
aim of the laser procedure is to remove muscle tissue
from the already paralyzed vocal fold to reduce its
mass or width so that in healing, the free edge of the
fold is pulled away from the midline. Since the mo

bile fold has a medial limit beyond which it cannot

go, it is prevented from reaching the paralyzed fold
(if the paralyzed fold is thinned sufficiently), thus
eliminating overpressure.

The procedure is done under general anesthesia
directly through a laryngoscope using a C02 laser
beam to remove the tissue. An incision is made in
the top of the vocal fold and a groove is created,
starting 2 mm from the anterior commissure and

going to a point just lateral to the vocal process. The
first time enough tissue is removed to create a

groove 2 mm wide and 7 to 8 mm deep.
Unlike Teflon injection, thinning cannot be done

under topical anesthesia. The amount of muscle tis
sue to be removed, therefore, must be estimated on

the basis of the relative severity of the recurrent

spastic dysphonia and clinical judgments based on

previous experience. Sometimes, multiple removals
are required before optimal results can be achieved.
If too much tissue was removed in the initial thin
ning in an attempt to "fine tune" the voice with one

procedure, there would be risk of overthinning the
vocal fold and creating a too breathy, weak voice.

The portion of this report giving results of vocal
fold thinning covers all of our patients who met

three criteria: 1) spastic dysphonia recurred follow

ing RLN section; 2) one or more C02 laser thinnings
were performed; and 3) an assessment of vocal
quality was conducted at least 9 months following
the most recent thinning (since the voice usually
stabilizes 3 to 4 months after thinning). Twenty
eight patients met these criteria.

Among this group of patients, the spastic dys
phonia recurred from 2 to 60 months following
RLN section. Twelve patients (43 %) experienced
recurrence within the first postoperative year, and
11 (39 %) experienced recurrence within the second

postoperative year. The remaining five (18 %) ex

perienced recurrence from 2 to 5 years post
operatively.

Immediately prior to the vocal fold thinning, the
mean severity rating for these patients was 2.5. Two
cases were rated severe, 24 moderately severe, and
two were rated mild. In most instances, although
the spasticity had recurred following RLN section,
it was less severe than before that sectioning.

RESULTS

Severity Assessment. Our first question concerned
the relative preoperative severity of the spastic dys
phonia patients in our series who experienced recur

rence of spasticity following treatment by RLN sec

tion. At the time of the preoperative evaluation, the

average severity for these 44 patients was 3.3.

Twenty-three (52 %) had been rated severe or very
severe (4 or 5); 17 (39%) moderately severe (2 and
3); and four cases (9 %) were rated as mild (1).
Clearly then, among the patients whose spastic dys
phonia recurred, over 90 % had been rated as dem

onstrating moderately to very severe spastic dys
phonia prior to RLN section.

Secondary Surgical Treatment. Of the 28 patients
treated by one or more C02 laser thinnings of the

paralyzed vocal fold, 14 (50 %) achieved eradica
tion of spasticity following thinning. Of the remain

der, 11 (39 %) had mild spasticity (ie, rating of 1),
and three had moderately severe spasticity (ie,
rating of 2 or 3). None had severe spasticity.

In six patients, multiple thinning procedures
were required to achieve these results. Four patients
were operated twice, and- of these, one patient
achieved eradication of spasticity; one had mild

spasticity remaining; and two still had moderately
severe spasticity following the second procedure.
(These latter two patients may return for a third
procedure.) Two patients who were operated three
times to achieve additional vocal fold thinning at

tained freedom from spasticity following the third
procedure.

One patient had a complication early in our series.

Only a thin layer of muscle fiber was -left on the
medial mucosal edge of the vocal fold. This allowed
it to act like a valve and to be pulled into the air
stream on inspiration, and so a temporary tracheot
omy was required until the groove in the vocal fold
healed 2 weeks later. This problem has been avoid
ed by leaving a thicker mucosal flap medial to the
groove.

DISCUSSION

Our experience supports the conclusions that RLN
section alleviates overpressure among 88 % of pa
tients with spastic dysphonia and that these salutary
results are maintained. Nevertheless, it is also im

portant to study patients who do not maintain relief
from spasticity. It is also necessary to account for
the difference between our generally positive exper
ience with RLN section as a treatment modality and
the less favorable results repo-rted by others.
. In reviewing reports and seeing in consultation
spastic dysphonia patients who were sectioned or

who were strongly advised against surgery at other
centers but who had good results with RLN section
at our center, we formed the impression that RLN
section has often been reserved as a last resort ap
proach to treatment of only the most severely af-
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fected patients. This position is understandable
since it was also the one we held in selecting the first

patients we sectioned. As our confidence in the pro
cedure grew, however, we have been willing to sec

tion patients with milder degrees of spasticity. This
experience led to the hypothesis that the likelihood
of recurrence is substantially related to preoperative
severity. The data reported here support that hypo
thesis.

Even when RLN section fails to achieve lasting
relief from spasticity, however, a secondary treat

ment modality is available, ie, C02 laser thinning
of the paralyzed vocal fold. We contend that many
instances of recurrence of spasticity following RLN
section can be attributed to the redevelopment of
overpressure in the approximation of the mobile
vocal fold and the paralyzed vocal fold. Thus, re

ducing the mass and width of the paralyzed fold to

pull its free edge away from the midline will reduce
overpressure in that approximation and hence re

duce spasticity in phonation. This assertion is sup
ported by the results of secondary surgery presented
in this report.

As in all discussions of surgical approaches to

spastic dysphonia, it must be emphasized that relief
from the debilitating strained-strangled voice quality
is the goal, rather than restoration of normal voice.
Both the primary RLN section and the secondary
vocal fold thinnings often leave patients with some

degree ofbreathiness or hoarseness in phonation (al
though some do achieve essentially normal voice

quality). Nevertheless, with extremely rare excep-

tions, these patients strongly prefer the postsurgical
voice quality to the constant struggle to communi
cate experienced by most people with spastic dys
phonia.

SUMMARY AND CONCLUSIONS

This report considers two issues concerning the
recurrence of spastic dysphonia following treatment

by RLN section. First is the relationship between re

currence and preoperative severity. Second is the
amenability of recurring spasticity to treatment by
C02 laser thinning of the paralyzed vocal fold.

The first issue was considered through a review of
the 44 patients in our series of 365 patients treated by
RLN section who experienced postoperative recur

rence of spastic dysphonia. Of these 44 patients, 91 %
had been rated as showing moderately severe to

very severe spastic dysphonia prior to RLN section.

The second issue was examined by a review of 28

patients treated for recurrence of spastic dysphonia
by one or more C02 laser thinnings of the paralyzed
vocal fold. Following this procedure, 50 % of the
patients achieved eradication of spasticity, while a

mild degree of spasticity remained in 39 % .

The results of these reviews suggest that there is
indeed a substantial relationship between preopera
tive severity and the likelihood of postoperative re

currence of spastic dysphonia. Nevertheless, when
the condition recurs, relief or substantial reduction
of the spasticity can be achieved among the majori
ty of patients through sufficient C02 laser thinning
and lateralization of the paralyzed vocal fold.
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THE CLINICAL VOICE LABORATORY

CLINICAL APPLICATION OF VOICE RESEARCH

WILBUR J. GOULD, MD

NEW YORK, NEW YORK

In the past decade the number of voice laboratories has increased dram�tically. Their pr�mary mission is t� enhan.ce patient care �ythe application of knowledge gained from basic research. They also are dedicated �o .f�rther ImprOV�me?t of diagnostic and therapeutic
resources. The strength of the voice laboratory lies in collaboration between the clinician and the scientist.

In the last decade there has been a tremendous
increase in the number of voice laboratories of vari
ous levels of sophistication throughout the world.
Until 14 years ago, there were three laboratories in
the United States and Canada; now there are ap
proximately 35, and the number continues to in
crease rapidly, with the majority related to a

residency training program. In some voice
laboratories the resources are rudimentary; in
others the staff includes voice scientists and
laryngologists of extraordinary training. Most im

portant is the current enthusiasm and interest and
the need for collaborative work.

Research into voice function provides increasingly
.

valuable means to evaluate problems of and objec
tively measure speech production in a clinical set

ting. The trained ear and the visualizing apparatus
of the laryngologist are being supplemented by
newer tools which could vastly increase the ability
of the clinician to analyze the voice objectively as

well as subjectively, and to diagnose, treat, and
give follow-up care.

1-3 Combined and collaborative
experiences of voice laboratories maximize the
benefits of new nethods by providing a broader base
for diagnoses and analyses of presurgical and
postsurgical treatment.

With improvement of therapeutic tools, includ

ing microlaryngology and laser surgery of an in

creasingly delicate nature, and with enhancement
of diagnostic tools such as computerized tomo

graphic CT scans, ultrasonic studies, nuclear mag
netic resonance, etc, we are able to define status

and report objectively to an extent heretofore im

possible. Phonosurgery such as Teflon injection in
the airway gap, thyroid cartilage-surgical manipu
lation, recurrent nerve section, and partial selective
section, cannot reach the full potential of usefulness
unless the procedures are most adequately analyzed.
Also, as we try to help patients gain a more useful
voice - for example, after partial laryngeal surgery
for cancer - the clinical laboratory offers studies"

that can contribute to the development of new sur

gical techniques (Laurence V, Gould WJ; unpub
lished observations) and therapeutic approaches.

Before considering laboratory analytic studies,
however, the laryngologist must examine the pa
tient completely, taking an adequate history and

listening carefully to the patient's voice. Special at

tention must be paid to details that might be of
value in the functional analysis of a patient's phona
tion potential, eg, possible causes of abuse, onset of

complaint, vocational habits of vocal usage, pre
vious pulmonary disease, smoking, hormonal dis
orders, etc.

The mirror is still an efficient method of evalu

ating the larynx. The tongue must be pulled, how

ever, creating the problem of distortion of the la

ryngeal entry. The mirror can be used with magni
fication up to three times and with the operating
microscope as well. The clinician also should take

advantage of the stroboscope for laryngeal exam

ination. Flexible fiberoptics allows examination of
the larynx and video recording of vocal fold func
tion during running speech.

The analysis and study of phonated speech de

pends upon the understanding of three interrelated
systems: the respiratory, laryngeal, and articula

tory. That is, phonated speech involves the conver

sion of subglottal aerodynamic power to laryngeal
and acoustic dynamics, with adjustments and tun

ing of the vocal tract depending upon the kin
esthetic as well as auditory senses. Of the studies de

veloped from research into these areas, the most im

portant to me as a practicing laryngologist are those
which can be applied directly to patient care.

CLINICAL LABORATORY ASSESSMENT

RESPIRATORY ANALYSIS

. A number of studies by voice scientists and
laryngologist/voice scientist teams indicate feasible
clinical methods for respiratory analysis relevant to

From the Vocal Dynamics Laboratory, Lenox Hill Hospital, New York, and the Recording and Research Center, Denver Center for the Performing Arts.
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phonation. In the Vocal Dynamics Laboratory at tals with excellent pulmonary laboratories readily
Lenox Hill Hospital, we use a Collins 9-L respir- accessible.
ometer for screening purposes. This instrument has
been most useful in measuring tidal volume, inspir
atory capacity, and expiratory reserve volume.
More recently, we are working with flow volume

loops to determine active pulmonary function abil
ity. The primary goal is to determine the usable air
volumes available. We measure the residual volume
by either a whole body plethysmograph or helium

pulmonary studies.

In clinical work the assessment of phonatory po
tential is of obvious importance. Our studies suggest
that the lower the functional residual capacity, -

ie, the less volume of air remaining in the lungs
after the end of quiet expiration - the lower are the
theoretical limits for further possible improvement
in voice production. Subsequent residual volume
studies have helped to define the theoretical possi
bilities for further improvement of vocal production
capability. If the residual volume is already as low
as it would be in the trained singer, as determined
in our studies, there is little room for improvement.
If it is as high as for the untrained voice in the same

study or higher still in the emphysematous patient
with vocal problems, it may be possible to improve
phonatory capability by implementing well-defined
pulmonary exercises or prescribing medication to
reduce the residual volume. The ability to reduce
this volume to a minimum level seems to be a goal of
therapy.":"

Hixon" used a kinematic method in his studies of
the respiratory element of vocal production. The

respiratory unit called the chest wall is considered
to be a two-part system of rib cage and abdomen.
The volume of air the lung displaces is a result of the
action of both parts. The anterior-posterior diam
eters of the rib cage and abdomen are "related lin

early to their respective volume displacements."8
The measurement of diameter is obtained by the use

of magnetometers. The analog voltage output cre

ated by the electromagnetic coil-pairs gives an equi
valent measure of distance, and, thereby, air vol
umes, after appropriate calculations. Vital capaci
ty, total lung capacity, functional residual capa
city, and residual volume can then be measured. A

great advantage is the ability, previously impossi
ble, to study functions under many different condi
tions. The kinematic method is a very important
noninvasive laboratory assessment aid which allows
the investigator to evaluate the production appara
tus of individuals with disorders related to func
tional misuse of the respiratory unit, spinal cord in

jury, spasmodic dysphonia, Friedrich's ataxia, mo

tor neuron disease, etc. As Hixon stated, this re

search tool has become "an indispensable part of
our daily clinical armamentarium for voice dis
orders.'?'

A number of other devices for pulmonary assess

ment are available. Many laboratories are in hospi-

ANALYSIS OF LARYNGEAL FUNCTION

The laryngeal sound source consists primarily of
quasi-periodic pulses of air, created when the sub
glottal airflow and air pressure are sufficient to

cause vibration of the adducted vocal folds. Basic
studies of the dynamic airflow exiting the larynx
and of the dynamic air pressures acting on the vocal
folds during vibration are necessary in order to ex

pand our theories of phonation as well as to imple
ment improved patient care.

9-12 The study of the bi
omechanics, fluid mechanics, and acoustics of pho
nation using animal and computer models of the
larynx will aid in determining limits of aerodynam
ic and physiological factors which define normal
laryngeal function.12 Larynx models are being used
to examine pathological conditions such as asym
metric tensions of the vocal folds':' as well as hyper
functional arytenoid adductions.!" Studies of this
nature are intended to eventually predict pathologi
cal human laryngeal function using noninvasive

techniques. These areas of research are fertile
ground for the laryngologist/voice scientist teams.

The capability of the sound generator can be as

sessed by visual analysis, acoustic analysis, and aer

odynamic studies.

Visual Analysis. Significant film research studies
of voice production started in 1937 at the Bell
Telephone Laboratories where the first laryngeal
high-speed motion pictures were taken. Moore, von

Leden, and Timcke advanced high-speed film re

search to a quantitative level in the late 1950s.15-17

Although high-speed filming is beyond the reach of
most clinical laboratories, the direction for proper
medical and surgical care that this medium has
granted indirectly allows clinicians to do much im

proved work with better results. Studies of the mo

tion of the mucosal surface,which have been based
on stroboscopic as well as ultrahigh-speed cinema

tography, demonstrate the complexity of the vibra
tory mechanism needed for efficient vocal produc
tion.!"?" We have all seen patients in whom the
gross mirror examination of the vocal fold is appar
ently normal after the so-called stripping operation
for a polypoid vocal fold edge. Yet at the same time
we have seen these patients presenting a hoarse
voice quality. The stroboscope can show the stif
fened characteristics of the operated vocal fold. The
studies mentioned above clearly demonstrate the
need for a mobile mucosa and the usefulness of the
stroboscopic technique.v=" To guarantee a mobile
mucosa, an effort must be made to save sufficient
mucosa where possible during the laser or sharp dis
section laryngoscopic surgical procedure. It would
be ideal if the vocal fold were left covered with mu

cosa while the excess tissue was removed.

The practical clinical laboratory can also use the
stroboscope to determine locations of pathological
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disturbance of the mucosal waves. As stroboscopic transduces the flow from the mouth and can be in-
tools are improved, they will be used with fiberop- versely filtered to obtain the dynamic laryngeal
tic laryngoscopes as well as mirrors, and with simul- airflow signal.
taneous video recording for later clinical, research,
pedagogical, and archival purposes.

The flexible fiberscopes now widely available,
along with film or video recording, facilitate laryn
geal examination, improved patient record-keeping,
and objective following of a patient's care. Clinical
research integrating the fiberscope has greatly ad
vanced, as Blaugrund et al report.

21 The postsurgi
cal vocalization in the case of partial laryngectomy
is better understood. With further laboratory stu

dies, even more efficient procedures will be devised.

Acoustic Analysis. Listening to the patient talk
has been and is a clinician's primary tool for voice

quality judgment. While much can be learned
about vocal pathology through listening by the
laryngologist and speech pathologist, this percep
tual judgment cannot easily be quantified and is
unreliable in many circumstances (unpublished
observations) .

Sound spectrographic analysis has been the pri
mary tool for visual judgment of the degree of
hoarseness in the research laboratory as well as in
the clinical laboratory setting. It does allow for

comparison of the degree of hoarseness, albeit on a
. subjective level. Digital spectrographic analysis has
provided a further advancement in acoustic signal
processing. However, with increased application of
computer techniques to this problem, we have
achieved far more accurate analysis.P::" Berke et
aP4 analyzed five acoustic measures to compare
voice before and after surgery. Four of these seem to
account for a large variance in judgment of the
change of voice quality following surgery. The im

portant point is that useful acoustic analysis tech
niques are being developed that are efficient and
sensitive clinical aids for the measurement of
changes in vocal quality. These techniques can also
help in the evaluation and extension of surgical
technique.

An example of the collaborative potential among
laboratories utilizing a set of acoustic measures of
voice is being developed by Titze and Scherer at the
University of Iowa and the Recording and Research
Center at the Denver Center for the Performing
Arts. Titze developed a program called Glottal Im

aging by Processing External Signals (GLIMPES) in
which a large variety of acoustic measures and esti
mates of vocal fold motion will be obtained from
the simultaneous recording of a number of signals. 2S

These signals include the output from the micro

phone and electroglottograph, as well as the neck
accelerometer, which measures vibrations at the
neck surface. Also included are the photoglotto
graph which transduces light shone through the
glottis, creating an output proportional to the dy
namic glottal area, and the oral flow mask" which

A voice analysis network is being devised through
which laboratories around the United States might
tie into a central computer to obtain analyses of sig
nals generated at the home laboratory. This could
lead to standardization of voice analysis and rela
tively easy access to computer requirements. In ad
dition, efforts such as this will allow the formation
of a large data base corresponding to the severity or

condition of vocal disease and provide a correspon
ding directory of participating clinicians and re

searchers, their institutions, projects, and pertinent
resources."

Aerodynamic Studies. Studies of air-flow effi
ciency during phonation offer valuable information
to medical clinicians. Accepted limits are determin
ed, of course, by the study of average population
groups. After maximum inhalation, a relatively
short period of maximally sustained phonation im

plies air usage greater than expected. A possible de
ficiency in glottal closure caused by either a lesion
or a gap created by surgery or tumor is suspected
under these circumstances. Sometimes a subglottic
tumor that would otherwise not be diagnosed can

then be recognized. Also, a short period of max

imally sustained phonation offers an objective clue
that vocal fold paralysis might have an incomplete
approximation. The air loss would be a clue to the
amount of closure to be attained surgically.

Researchers are beginning to test a clinical
method that relates pulmonary air source capabili
ties to utilization of the air flow at the larynx. This
indirect and relatively noninvasive technique was

discussed by Smitheran and Hixon:" and was used
by Homberg and Leandersorr" to estimate both
subglottal pressure and glottal volume airflow in or

der to calculate laryngeal airflow resistance for nor

mal and disordered voices. In particular, Holmberg
and Leanderson obtained flow resistance calcula
tions for chronic laryngitis, polyps in the postopera
tive stage, nodules, and various paralyses as well as

dysphonia. They found that the indirect method of
estimating flow resistance was a useful tool for "cli
nical work on voice disorders as well as for basic re

search for speech and singing. "27

Electromyography. Electromyographic studies
help determine which laryngeal muscles are in use

during different phonatory and respiratory condi
tions. It is used in some clinical laboratories to
follow a patient with laryngeal paralysis, and can

indicate the optimal time for surgical correction.
The major problem is that electromyography is in
vasive when maximally useful, and it is difficult to
convince patients to submit to it.

Electroglottography Although the electroglotto
graphic output signal is typically assumed to be pro-
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portional to the dynamic contact area of the medial
surface of the vocal folds, no data conclusively show
this. Therefore, numerous studies are being done
such as a combination of transillumination, acousti
cal studies, ultrahigh-speed photography and elec
troglottography to indicate when closure occurs rel
ative to the electroglottographic signal. Once there
is true identification of the laryngeal activity being
measured, electroglottography offers a means of

assessing vocal fold activity with little discomfort to

the patient and little interference with vocal func
tion. The clinical laboratory then is equipped with
an easily handled and useful analytic tool. 1.28

Ultrasound. Pulse-echo imaging of the larynx us

ing rapid ultrasonic scanners offers a potential for
the clinical laboratory which is not yet utilized.
This technique may become suitable for viewing
and recording dynamic behavior of laryngeal struc

tures with minimal interference to voice and speech
production. This noninvasive and essentially radia
tion-free clinical technique, which is widely availa
ble for study in other areas of the human body, of
fers promise for the future once the image-process
ing is improved as expected. 29

SUPRAGLOTTIC STUDIES

Research laboratories devote a great deal of at
tention to the spatial, aerodynamic, and acoustical
characteristics of the area above the larynx itself.
While these evaluations and studies are of great im

portance to understanding vocal function, they are

as yet not practical tools for the clinical voice labor
atory. The extensive project started by Fujimura
years ago in Tokyo is now being established in Mad
ison, Wisconsin, under J.H. Abbs. This technique
utilizes radar x-ray devices to track minute lead pel
lets on the tongue, lips, and palate, allowing the
scientist to estimate configurations of the oral appa
ratus during speech. Many research studies related
to palatal sensor devices as well as nasal airflow en

hance the understanding of vocal production. Pitch
and intensity characteristics of the voice and varia
tions relating to facial muscle activities and other
areas are being intensely studied. Other studies
presently at the investigative stage should provide
information useful to the clinician.

AUDITORY FUNCTION

The .ability of the patient to monitor his/her voice
on the basis of auditory perception is extremely im

portant. Therefore, it is necessary to determine
whether or not a patient has an auditory disability,
and, if there is any question, hearing tests should be
administered during the evaluation stages.

DISCUSSION

Clinical laboratory testing can be of significant
aid to the practicing laryngologist. However, care
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must be taken to select the most practical from the
many available resources. The clinically oriented
laboratory can obtain maximally useful informa
tion from the evaluation of respiratory efficiency
for those voice deficiencies which, at the very least,
are secondary to pulmonary disorders such as

emphysema, asthma, and other disorders related to
obstructive diseases. In addition, cases involving
gross pulmonary misuse can be referred for proper
therapy. The clinically oriented laboratory can rec

ognize and record laryngeal function disorders as

well. Visual means, such as rigid or flexible fiberop
tic instruments, acoustical means, electroglotto
graphic and electromyographic instruments are

available. Information obtained can be analyzed
and interpreted, aiding in the diagnosis and care of
patients. At the very least, an acoustic record of all
preoperative voices should be kept, and where pos
sible, the picture of a lesion, equivalent to the
preoperative picture taken by a plastic surgeon or

an otologist, should be taken.

It must be emphasized that a vastly complex
laboratory is not needed for recording the acoustic

signal or for respiratory analysis. Good tape re

corner instrumentation is available, and a pulmo
nary laboratory is usually accessible to the laryn
gologist who does not have pulmonary evaluation

equipment in his office. Audiograms are easily ob
tained for the screening that is necessary where
there is any question of hearing deficiency.

The future is even brighter with respect to practi
cal clinical laboratory techniques that would aid
the work of the laryngologist. A team including the
voice scientist and the laryngologist can take advan
tage of the latest electronic and computer advances
that expand the capability of the individual labora
tory.

Most important, interrelations with other labora
tories will enlarge our information base and help in

diagnostic problems. Standardization of voice

analysis techniques would help all of us. As recom

mended in the First National Conference on Re
search Goals and Methods in Otolaryngology, 1982,
the idea of the research directory/data base has
come of age." The computerized bibliographic li
brary of the Voice Foundation, which includes most
of the literature on voice studies, adds to that capa
bility.

Improving our understanding and treatment of
voice disorders will depend on cooperation between
laryngologists, voice scientists, and voice and
speech therapists. No one group can handle this
monumental task alone. Voice research as a team
effort offers the laryngologist new and useful means

for a more complete analysis of vocal problems.
These analyses are positive aids for the diagnosis
and therapy of our patients.
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SELECTIVE REINNERVATION OF VOCAL CORD ADDUCTORS
IN UNILATERAL VOCAL CORD PARALYSIS

ROGER L. CRUMLEY, MD

SAN FRANCISCO, CALIFORNIA

Laryngeal reinnervation procedures were performed in a series of dogs. An attempt was made to reinnervate the vocal cord adductors
with one nerve graft, while a different nerve was grafted to the abductors. The recurrent laryngeal nerve was dissected distally to its ter
minal branches, where the abductor-adductor sorting out occurs. The abductor branch was reinnervated with a phrenic nerve graft as

previously described. The adductor division was grafted with one of the following nerves: proximal recurrent laryngeal, external branch of
superior laryngeal, or ansa hypoglossi. Results revealed that in most cases it was indeed possible to reinnervate the adductive and abductive
vocal cord muscles separately. Recurrent laryngeal nerve anastomosis to the distal adductor division produced strong reinnervation, but
appeared to inhibit in some way the phrenic reinnervation of the abductor branch. Ansa hypoglossi anastomosis to the adductor division
seemed to induce satisfactory reinnervation of the adductor musculature with the least noticeable donor deficit.

INTRODUCTION

Much has been written about reinnervation of la
ryngeal muscles in the treatment of bilateral vocal
cord paralysis. Most of these reports had to do with
the selective, or unselective, reinnervation of the
posterior cricoarytenoid (PCA) muscle. Tucker's an

imal and human studies show some evidence of a

physiologic reinnervation of the PCA alone follow
ing implantation of a neuromuscular pedicle de
rived from the ansa hypoglossi nerve.I-4 Prior re

ports by the present author indicate that a more

physiological reinnervation of the abductor muscle
could be achieved in dogs by transferring the phren
ic nerve directly to the PCA by way of a free nerve

graft.":"
Because these data showed that vocal cord ab

ductor reinnervation is feasible, we attempted to

apply these principles to reinnervation of the ad
ductor muscles, in hopes that improved physiologi
cal laryngeal function could be achieved when com

pared with currently used methods.

Fig 1. Photograph through Zeiss

operating microscope showing dis
tal anatomy of right RLN (origi
nal x6). A) a - suture looped
around abductor branch to PCA
muscle, b - adductor division
passing superiorly. Stimulation of
these two branches produced pure
abduction or adduction, respec
tively. c - Galen's anastomosis,
which was electrically unstirnula
table. B) d - Abductor branch
has been transected. Distal stump
of abductor branch (to PCA) is

ready for nerve graft anastomosis

(arrow). This nerve is now purely
abductor in function. Adductor
division (b) is purely adductor in
function.

Vocal cord adduction is a key element in cough
ing, swallowing, and phonation. In phonation the
two vocal cords are finely tuned by the interaction
of intralaryngeal and extralaryngeal elements. Nor
mal phonatory vocal cord dynamics require a coor

dinated interplay of the intrinsic vocal cord adduc
tors (interarytenoideus, lateral cricoarytenoideus,
and thyroarytenoideus), and the extrinsic adductors
(cricothyroid and thyrohyoid muscles) �

7 The pos
terior cricoarytenoid, although an abductor, ap
pears to be important in certain phonatory vocal
cord functions as well. 8 The interplay of all these
muscular elements results in normal pitch control,
volume, and individual frequency characteristics of
the human voice.

Currently, the most common clinical treatment
for vocal cord adductor paralysis is Teflon injec
tion. Deposition of Teflon paste in the paraglottic
space results in medial movement of the conus elas
ticus and the atrophic paralyzed vocalis muscle.
When successful, Teflon injection markedly im-
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TABLE 1. RESULTS OF ADDUCTOR REINNERVATION
Abductor branch
RLN

Free nerve graft
Adductor division
RLN

Ansa hypoglossi

Fig 2. Operative procedure showing ansa hypoglossi as ad
ductor reinnervation source and split phrenic nerve as ab
ductor reinnervation source. Transection and ligation of
RLN not shown.

proves the diplophonia, air escape, and hoarseness
associated with unilateral vocal cord paralysis.
However, such voices are seldom normal or capable
of pitch control and other fine phonatory ad
justments.

As reports suggested that adductor reinnervation

might yield stronger, more normal voices than Tef
lon injection in patients with unilateral vocal cord
paralysis," we decided to compare the results of ad
ductor reinnervation with several different neural
sources. This report describes selective reinnerva
tion of the intrinsic adductor muscles by microsur

gical nerve grafting from the ansa hypoglossi nerve,
external branch of the superior laryngeal nerve

(SLN), and the proximal stump of the transected re

current laryngeal nerve (RLN).

MATERIALS AND METHODS

Adult mongrel dogs were anesthetized with intravenous pento
barbital. The RLN was exposed. A 5-cm segment was removed,
and the distal and proximal ends ligated tightly with 2-0 silk su

ture. Eight weeks later, the distal RLN was explored again and
stimulated to confirm that reinnervation had not taken place. The
RLN was then dissected distally into the larynx, where the abduc
tor branch and adductor division were separated microsurgically
(Fig 1). A free nerve graft was harvested and then grafted from
the ipsilateral phrenic nerve to the abductor branch of the RLN

leading to the PCA muscle.' 6

Reinnervation of the adductor components of the RLN was at

tempted by suturing the ansa hypoglossi, SLN's external branch,
or the proximal RLN stump to the adductor division of the RLN

(Fig 2).
The dogs underwent direct laryngoscopy at 6 months postoper

atively and again at 1 year. Following the second laryngoscopy,
the neck was explored, and the nerves and muscles described
above were examined and then stimulated electrically. The appa
ratuses used were similar to those used in prior reports (Parsons
McCabe nerve stimulator with 60 Hz AC variable voltage output
for nerve excitability testing; Tektronix 3A72 amplifier and 565

photographic oscilloscope for electromyography; Beaulieu 16 mm

movie camera, Sony DXC 1610 videotape camera with Sony
U-Matic Betamax recorder for endoscopic cinephotography).

Vocal cord movements were monitored with endoscopic televi
sion during nerve stimulation. The "abductor" nerve grafts from
the phrenic nerve to the abductor branch of the RLN were first
stimulated, then the "adductor" nerve grafts from the SLN, ansa

hypoglossi, or proximal RLN were stimulated, while observing
and recording the vocal cord movements with the television sys
tem described above.

As the strap muscles and cricothyroid muscles are known to in
fluence vocal cord positioning, care was taken to transect these
muscles when appropriate for determining whether vocal cord
abduction or adduction was produced by the nerve graft.

Adductor Visible
Dog Reinnervation Technique Stimulability' Adduction

1 RLN-RLN + +

2 RLN-RLN +

3 RLN-RLN + +

4 RLN-RLN + +

5 Ansa-hyoglossi to adductor
division (RLN) + ±

6 Ansa hypoglossi to adductor
division (RLN) + +

7 SLN-adductor division (RLN) + +

8 SLN-adductor division (RLN)
9 SLN-adductor division (RLN) + +

• Arytenoid abducted by scar.

RESULTS

As previously described, the distal RLN in each
animal could be divided into two separately func
tioning nerves, an abductor branch to the PCA

muscle, and an adductor branch (or more correctly,
division), which passes into the larynx to divide into
terminal nerve branches to the various adductor
muscles, eg, interarytenoid, thyroarytenoid, and la
teral cricoarytenoid, by transecting the abductor
branch as it exits the RLN on its way to the PCA

(Fig 1). In all animals but one it was possible to

stimulate the adductor nerve graft and produce
pure vocal cord adduction (Table 1 and Fig 3).

In four of the nine dogs the phrenic nerve -

nerve graft achieved pure abductor reinnervation.
In these four animals stimulation of the phrenic
nerve or of the nerve graft between the phrenic
nerve and the abductor branch of the RLN yielded
pure vocal cord abduction (Table 2 and Fig 3).
Only one of the four dogs having RLN-RLN anasto
mosis for adductor reinnervation (and the phrenic
nerve graft procedure for abduction) achieved ab
ductor reinnervation. In dog 8 neither abductor nor

adductor graft was stimulable, yet visible inspira
tory vocal cord abduction was present. This was

fund to be produced by RLN regeneration, as it was

abolished by. transecting the RLN. 9

In general, electrical stimulability of the adduc
tor nerve grafts correlated in each animal with visi
ble vocal cord adduction during phonation ("whin
ing" with lightening of the anesthesia) and cough
ing (Table 1 and Fig 3). Likewise, stimulability of.
the abductor nerve grafts generally correlated with
visible vocal cord abduction during deep inspiration
produced by tracheotomy tube occlusion. (In all
animals the strap muscles and cricothyroid muscles
on both sides were denervated during data collec
tion to ensure that vocal cord movements observed
were not caused by the Wagner-Grossman phenom
enon, eg, cricothyroid muscle, or by strap muscle
contraction. 7) When the nerve grafts were tran

sected, muscle activity in the respective muscle
group was abolished.

Histologic examination revealed that nerve grafts
that were electrically excitable were found to con-



Crumley, Reinnervation oj Vocal Cord Adductors 83

Fig 3. Single-frame photographs from 16-mm endoscopic film of dog 6 showing ansa-adductor division anastomosis. A) At rest,
vocal cord in paramedian position. Arrow - stimulator tip not touching tissue. B) Strong vocal cord adduction as ansa hypoglossi is
stimulated. Hemostat (h) holds cuff of transected strap muscle away from stimulator tip (arrowj., C) Vocal cord' abduction as

phrenic nerve is stimulated (stimulator tip not seen). Visible PCA contraction was noted.

tain large numbers of regenerated myelinated ax

ons, while those grafts that were poorly excitable or

nonexcitable contained few myelineated axons and
many clumps of myelin and Bungner's bands (Fig 4).

INTERPRETATION AND DISCUSSION

Selective reinnervation of the PCA muscle by
phrenic nerve graft occurred in four of the nine ani

mals, confirming prior data.>" In animals 1 to 4

(those having RLN-RLN anastomoses), only one

dog achieved PCA reinnervation with the tech
nique, and in that animal it was weaker than in the
other groups. In three of these dogs the PCA inner
vation appeared to be arising from the RLN and its
abductor branch in spite of the 4-0 silk ligature tied
around the proximal end of that branch to impede
regeneration. This strong proclivity of the RLN to

regenerate toward the intrinsic laryngeal muscles,
despite ligatures and removal of neural segments,
appeared to have "priority" over the regenerating
axons arriving later in time via the phrenic nerve

graft. In addition, the greater number ofaxons in
the RLN and its normal blood supply (as opposed to
the devascularized long free nerve graft) would give
the RLN's regenerating axons an additional biologi
cal advantage in regeneration vis-a-vis the phrenic
nerve graft, with its two anastomoses and relatively
long length 10 (Fig 2). Once the PCA's motor end
plates had been reached by the regenerating RLN
axons (via escape of the abductor ligature or by col
lateral sprouting) the phrenic axons would be disal
lowed the chance to connect with those motor end
plates, since "dual innervation" is usually prevented

TABLE 2. RESULTS OF ABDUCTOR REINNERVATION
BY PHRENIC NERVE GRAFT

Visible
Nerve Graft Stimulation- Inspiratory

Dog Produced Abduction Abduction

1

2 + +

3

4
5 + +

6. + +

7 +

8 +

9

by neurophysiologic substances emitted from an in
nervated motor end-plate. 11-13

These mechanisms are compatible with, and best
explain, the finding that adductor reinnervation
was strongest in these first four animals. In ad
dition, axon regeneration would be favored in a

simple nerve transection and immediate repair
(RLN-RLN, dogs 1-4) when compared with a nerve

transection, delay, and subsequent substitution
anastomosis of a smaller nerve to the RLN (ansa
RLN, dogs 5-6; SLN-RLN, dogs 7-9) (Table 1).

In dogs 5 to 9 we were able to demonstrate ad
ductor muscle reinnervation and vocal cord adduc
tion in four of five animals. In each case, the adduc
tive movements were abolished by transecting the
substituted nerve (ansa, dogs 5-6; SLN, dogs 7-9)
and were proven not to be mediated by the strap
muscles and/or cricothyroid muscle, as these latter
muscles were denervated prior to data collection.

There were no instances in which stimulation of
the adductor graft produced abduction of the vocal
cord or visible contractions of the PCA muscle; sim

ilarly, we saw no vocal cord adduction or contrac
tion of adductive muscles when the abductor grafts
were stimulated. This is a most important finding in
that it illustrates and confirms the feasibility of sur

gically separating the adductive and abductive
components of the RLN. 6.14

Irrespective of which nerve is sutured to which
component, this separation allows for other possi
bilities of surgically alleviating certain vocal cord
motor aberrations. As an example, it is well known
that suture anastomosis of a transected RLN usually
results in vocal cord synkinesis, eg, medial bulging
and adduction during inspiration. 14-16 This is in fact
the best explanation of airway obstruction follow
ing RLN sectioning for spastic dysphonia as de
scribed by Salassa et al.!" eg, innervation of adduc
tor muscles, primarily the thyroarytenoid, by re

generating RLN abductor axons. A promising pro
cedure for this disorder, section of the adductor di
vision of the RLN, was perhaps first described by
Murakami and Kirchner in 1971.14 These inves

tigators noted that transection of the adductor divi-
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Fig 4. Histologic results of nerve anastomosis. A) Adductor division after ansa hypoglossi anastomosis (osmium tetroxide, original
x40). Note many myelinated axons of varying diameters. Myelin thickness is also variable. B) Normal RLN for comparison (light
microscopy, osmium tetroxide, original x40). C) Same nerve at A (electron microscopy, original x3,OOO). a - myelinated axon, b -

Schwarm cell, c - band of Biingner (Schwarm cell-myelin complex without regenerated axon. D) Normal RLN for comparison
(electron microscopy, original x2,OOO).

sion in synkinetic larynges resulted in cessation of

inspiratory adduction and bulging, while inspira
tory abduction was preserved.

However, data from this study (and one previous
Iy'") indicate that transection of the adductor divi
sion might be followed by subsequent regeneration
and return of the undesired inspiratory adductive
movements, even if the proximal stump of the tran

sected nerve was ligated. The most effective preven
tion of undesirable nerve regeneration appears to be
reinnervation with an appropriate nerve.6.12.13 Ac

cordingly it would seem prudent to anastomose the
ansa hypoglossi to the distal end of the transected
adductor division when RLN regeneration is unde
sirable. (This is effectively what was done in ani
mals 5 and 6.) The rationale for ansa-adductor divi
sion anastomosis, then, is to give the axons of the
ansa hypoglossi an advantage over the undesirable
(in this instance) RLN axons, the inspiratory (ab
ductor) fibers of which could produce synkinesis
(inspiratory adduction).

In comparing the two foreign nerves which were

transposed to the adductor division (ansa, dogs 5
and 6; SLN, dogs 7-9) it is difficult to ascertain
which is the more favorable adductor "substitute."

Certainly the small numbers of animals in this study
could bring little to bear on this issue. A brief re

view of the neurophysiology involved, however, is

helpful in this regard.

In reinnervating vocal cord adductor muscle, an

ideal nerve-substitute would activate during cough
ing, phonation, Valsalva's maneuver, throat-clear

ing, etc. The external branch of the SLN has been
shown to be active during phonation and coughing

.

as well as inspiration. 18 As such it has some of these
desirable characteristics. Unfortunately, due to the
cricothyroid muscle's importance in larynges with
RLN paralysis, "robbing Peter to pay Paul" by
transferring the SLN to the adductor branch would
not be advantageous. Splitting of the nerve might
allow transfer without cricothyroid denervation,
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but the physiologic effects of such procedures are

still unknown.

The strap muscles have several important func
tions regarding vocal cord positioning, with the

sternothyroid muscle being the most important ac

cessory abductor during inspiration, and the thyro
hyoid similarly active as an accessory adductor in

expiration and phonation.L'? Prior electromyo
graphic observations in our laboratory have con

firmed the thyrohyoid muscle's nerve as most physi
ologically similar to the adductor portion of the

RLN, firing predominantly during phonation and
other events requiring glottic closure. In this experi
ment we did not attempt to use the thyrohyoid's
nerve branch, but these data indicate strongly that
it would provide an appropriately activating neural
source for adductor reinnervation.

Both dogs 5 and 6 (Table 2) undergoing ansa hy
poglossi-adductor anastomosis achieved both ad
ductor and abductor (the latter from the phrenic)
reinnervation. The larynx of dog 6 exhibited in

spiratory abduction at rest, a normal whine, and
bark. Stimulation of each nerve produced abduc
tion and adduction respectively. As expected, the
ansa-adductor anastomosis did not provide visible
and coordinated adduction of the reinnervated vo

cal cord; rather it appeared to induce the appro
priate bulk and tension necessary for normal phona
tion. This resulted in a paramedian cord with size,
length, and tension similar to the contralateral
cord, rather than the lax atrophic cord which is

merely pushed medially by Teflon injection.
It is known that sternothyroid muscle activity re

sults in lateral positioning of the vocal cord. 7,19 Den
ervation of this muscle by sectioning of its nerve,
the ansa (whether transferred to another nerve

anastomosis or not), would be expected to result in

some medialization of the vocal cord. This was seen

in dogs 5 and 6. In addition, evidence of immediate

improved phonation has been seen in two patients
undergoing ansa-RLN anastomosis. This improve-
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ment, seen the first postoperative morning, was in

itially attributed to paraglottic edema, although we

now feel that the sternothyroid denervation is the
best explanation, as no dissection was performed in
or near the larynx in these two cases.

Each of these two patients developed a normal,
or near normal voice, within 6 months of the opera
tive procedure. Analysis of vocal tape recordings
with oscilloscopic glottograms has confirmed the
improved phonatory quality when compared with
Teflon injection voices.

CONCLUSION

Experiments in dogs confirmed that the adductor
and abductor components of the RLN could be sep
arated surgically by dissecting the nerve distally
and locating the abductor branch and the adductor
division. Transection of each terminal portion and
anastomosis of an appropriate nerve graft (phrenic
to abductor; RLN stump, ansa hypoglossi, or SLN)
resulted in synchronized nonsynkinetic abduction
and adduction. Adductive movements in phonation
were not synchronized or coordinated with the con

tralateral normal cord; however, the normal bulk
of the intrinsic laryngeal musculature resulted in a

normal-appearing cord which was paramedian in

position.
From prior data in our laboratory and from pre

vious reports ;"'!? the nerve to the thyrohyoid would

appear to be the most physiologically appropriate
for grafting to the adductor division of the RLN.

However, by using the actual ansa hypoglossi and

denervating the sternothyroid muscle, vocal cord
medialization resulted. Subsequently, after axon

growth through the ansa-adductor division, anasto

mosis, vocal cord bulk and tension appeared to im

prove. Anastomosis of a nerve graft from the phren
ic nerve to the abductor branch appeared to protect
this branch from unwanted PCA reinnervation via
the transposed adductor nerve, or the regenerating
RLN.
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BLUNT CHEST TRAUMA WITH TRACHEOBRONCHIAL RUPTURE
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The unusual complex of physiological problems associated with rupture of the tracheobronchial tree complicating blunt chest trauma
is discussed. The mechanics of injury leading to rupture are abrupt compression of the chest with consequent fixation of the cervical trachea
where it enters the mediastinum, separation of the lungs, and fracture of the bronchus over the vertebral bodies. Treatment by aspiration
thoracentesis, tracheotomy, and thoracotomy with primary repair as well as expectant therapy are discussed. Two cases, one treated ex

pectantly and one treated by thoracotomy, both with complete recovery, are presented.

Blunt trauma to the neck and chest causes a vari

ety of severe injuries to the respiratory tract. Laryn
gotracheal separation or tracheal rupture occasion

ally occurs and is associated with significant cervi
cal subcutaneous emphysema. This is seen as the re

sult of an injury from a dashboard, hockey puck,
hockey stick, minibike or snowmobile accident, or

karate blow. 1-5

An uncommon but more serious injury from blunt
cervical and thoracic trauma is intrathoracic tra
cheobronchial rupture. The patient presents with
severe air hunger, hemoptysis, and extreme cervical
and mediastinal emphysema, and must be treated

promptly. Untreated patients with extensive lacera
tions live only a short time on the average. Continu

ing pneumothorax, not completely relieved by in

trapleural thoracic suction, is an important sign of
serious laceration of the tracheobronchial tree.?:"

Blunt chest trauma is found in 55 % of chest injuries
admitted after traffic accidents. 9

The mortality in cases of closed chest injury is 4 %
to 12 %. When a second system is involved the mor

tality rises to 13 % to 15 % , and when a third system
is involved the mortality rises to 30 % to 35 % .10.11
The overall mortality of tracheobronchial disrup
tion is 30 % .

12

Two cases illustrate characteristic features of this
injury and problems of management.

CASE REPORTS

Case 1. A 46-year-old man was injured in a paper mill when a

675-kg steel roller jumped from a stack, bounced across the floor,
and passed over his chest. He was transferred to the hospital im

mediately by ambulance. When first seen he was cyanotic and
was coughing bloody sputum, and had venous engorgement with
enormous amounts of subcutaneous trapped air in the tissues of

Fig 1. (Case 1) Patient at time of A,B) presentation with acute injury' and C) discharge from hospital.
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his head, neck, chest, abdomen, and mediastinum (Fig 1). A ster

nal crunch was clearly audible. A small laceration near the lateral
end of the left eyebrow was bubbling air constantly and rapidly.

Tracheostomy and mediastinotomy were performed at once

with immediate relief of both airway obstruction and mediastinal

emphysema and no further increase in subcutaneous emphysema.
Because blood was present in the airway at the time of trache

ostomy, bronchoscopic examination was carried out with the open

Jackson bronchoscope. A small laceration involving one fourth of
the circumference of the right main bronchus was seen, but there
was no evidence of displacement or of gaping wound. He had bi-

Fig 2. (Case 2)' A,B) Anterior-posterior views of chest showing A)
marked subcutaneous emphysema, air in fascial spaces, air outlining
mediastinum and pericardium, and free air under diaphragm; and

B) increase of air in fascial spaces, air outlining mediastinum and per
icardium, and free air under diaphragm. C) Lateral view of neck

showing marked subcutaneous emphysema with air outlining fascial

planes. D) Film taken immediately postrepair showing much less
subcutaneous emphysema and little air in fascial spaces.

lateral clavicular fractures and fractures of his right second and
third ribs.

An intercostal tube was put in the right chest and the patient's
. condition stabilized. Recovery was eventful because of pulmonary

contusion. The patient was discharged from the hospital after 30

days, and died 15 years later from bronchogenic carcinoma.

Case 2. A 22-year-old man was thrown from a snowmobile
when it collided at high speed (60 mph) with a "mogul" (windrow
of snow). The driver landed on his chest with his neck extended
and was temporarily unconscious; he- immediately developed
dyspnea, marked swelling of the head and neck from the accurnu-
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Fig 3. Tracheal lacerations. A) Anterior view. B) Posterior
view showing stellate laceration of membranous posterior
tracheal and bronchial walls.

lation of emphysema in these tissues, hemoptysis, and supraclavi
cular venous congestion.

He was transported to the nearby regional hospital by air taxi
and when seen there 1'/2 hours later, he was found to be extremely
short of breath, coughing bloody sputum, cyanotic, and restless,
with marked subcutaneous and mediastinal emphysema as well as

emphysema down to Poupart's ligament bilaterally. There were

minor abrasions of the anterior surface of his chest, neck, and
chin. Attempts to ventilate him with bag and mask aggravated the
subcutaneous emphysema and further embarrassed his respira
tory efforts. Sternal crunch (Hamman's sign) was present.

Tracheostomy and mediastinotomy were performed. When the
skin incision was made, air and blood bubbled from the wound as

bright red froth. This relieved the respiratory distress, and finger
dissection of the superior mediastinum further increased the

escape of air and reduced the effort of spontaneous respiration.
Once the tracheostomy had been established, bronchoscopy with
an open bronchoscope and telescope was performed. It was clear

ly seen that the right main bronchus had been avulsed and that
there was a gaping laceration in the posterior tracheal wall. An
intercostal tube was put into the right pleural space, as a prophy
lactic measure. A chest x-ray film showed mediastinal, pericardial,
cervical, retroperitoneal emphysema, and free air under the

diaphragm (Fig 2A-C).
Because a thoracic surgeon was 'not available, the patient was

transferred 60 miles to a nearby medical center. During transpor- A
tation, an endoscopist was prepared to introduce a bronchoscope
into the left main bronchus beyond the laceration to secure venti
lation if the patient's condition worsened en route, but this pre
caution proved unnecessary.

Thoracotomy was performed and extensive lacerations of the

right main bronchus and tracheal bifurcation were repaired (Figs
2Dand3).

Recovery was complete, prompt, and the patient was discharged
home in good condition on the 19th postoperative day (Fig 4).

DISCUSSION

Knowledge of the anatomy of the mediastinum in
the region of the tracheal bifurcation is important
to understanding the mechanism of these injuries.
The distal trachea lies in the superior mediastinum.
Uncomplicated tracheal or bronchial rupture or

bronchial avulsion is caused by the relative fixation
of the trachea, greater mobility of the tracheal bi
furcation and major bronchi, and increase in the in
tratracheobronchial pressure. The fact that the
distal trachea and right main bronchus overlie the
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Fig 4. (Case 2) Chest x-ray film showing absence of air in
fascial spaces, wires repairing ribs from thoracotomy, and
recovering right chest following thoracotomy.

vertebral bodies increases the likelihood of injury
because the immovable vertebral body becomes an

anvil at the time of injury. Rupture of the great
vessels may well be associated with tracheobron
chial injury':"!" (Figs 5 and 6).

B

Fig 5. Relationship between lungs, trachea at level of
bifurcation, great vessels, esophagus and vertebral col
umn. A) Normal. B) Effect of anterior-posterior compres
sion of chest, demonstrating reduction In size of medi
astinum, compression of trachea and esophagus, and

crowding of great vessels about trachea. Vertebral column
remains unmoved.
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Fig 6. Relationship of major bronchi to vertebral column
before bifurcation. A) Normal. B) Effect of anterior-pos
terior compression of chest demonstrating bending of bron
chi over anvil of vertebral body.

With a severe blow to the anterior thoracic wall,
the anterior-posterior diameter of the chest is abrupt
ly decreased, and several events take place simul
taneously. As the AP diameter of the chest is de
creased, the transverse diameter is increased. Asso
ciated with this is separation of the lungs with con

sequent spreading of the major bronchi, putting
tension on the carina (Fig 7). If this force is in excess

of the elasticity of the tracheobronchial tissue, rup
ture occurs." The intrapleural and intrapulmonary
pressure is increased markedly, narrowing the med
iastinum and increasing the intratracheal and intra
bronchial pressure." The increased intratracheal
and intrabronchial pressures stiffen and dilate the
tracheobronchial tree where it leaves the thorax,
making it more susceptible to rupture in this region.
Although the pressure within the intrathoracic tra

cheobronchial tree is increased, concomitant and si
multaneous increase of intrathoracic pressure oc

curs to an equal extent; thus there is no differential
change in transmural pressure, and no significant
change in stiffness of the intrathoracic tracheobron
chial tree.15 Thus the fixation of the trachea is in
creased at the same time that the bronchi are dis
placed posteriorly over the vertebral bodies, and
these concurrent, abrupt, and violent changes lead
to rupture of the trachea and/or the broilChus. Rup
tures usually occur within 2.5 ern of the tracheal bi
Furcation ," the area of junction between the fixed
segment of the trachea and the freely mobile seg
ments of the distal trachea and the bronchi. Exten
sion of the neck at the time of injury pulls the tra
cheal bifurcation higher into the mediastinum and
increases its fixation. Closure of the glottis, preven
ting escape of air from the tracheobronchial tree,
further increases the intraluminal pressure and di
lates and stiffens the extrathoracic segment of the
trachea.

A

Fig 7. Relationship of trachea, esophagus, and vertebral
body. A) Normal. B) Effect of abrupt compression of tra
chea and esophagus over anvil of vertebral body.

At the time of such injury, there are a variety of
mechanical forces at work at the same time. These
include acceleration, deceleration, torsion, com

pression, and shear. Different rates of deceleration
for different organs or even for parts of organ sys
tems may complicate the mechanics of injury. 12 In

any specific situation one or more of these forces
may predominate and produce the major part of the
injury.

Although airway obstruction from tracheal injury
and from compression by cervical emphysema may
be relieved by either tracheostomy or endotracheal
intubation, tracheostomy is the procedure of choice
because it provides immediate relief of pressure
symptoms and facilitates the escape of trapped cer

vical emphysema."

Tracheostomy with mediastinotomy provides im
mediate relief of symptoms by relieving upper air

way obstruction and by providing a route for con

tinuing escape of air leaking from the tracheobron
chial tree. Forced ventilation by mask and oral en

dotracheal airway may greatly increase cervical
emphysema. If this occurs, forced ventilation
should be discontinued.

It is reported that the adult male chest can tolerate
275 kg of force for up to one minute and 500 kg of
force for a fraction of a second without sustaining
serious injury. In a frontal blow, such as hitting a

steering wheel, the force may be as much as 1,300
kg. 17 This force is better tolerated if delivered in the
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anterior-posterior direction than if delivered in the
saggital or longitudinal axis. 11 /'

The force delivered to the chest in abrupt deceler
ation at 40 mph is 20 G. At 60 mph it is 60 G.9 The
ability of the chest and its contents to tolerate these
extreme forces is remarkable. The two cases presen
ted illustrate the effect of the two types of trauma:
the first, a sudden blow from a heavy object, and
the second, a blow in conjunction with abrupt de
celeration from high speed.

The variety of injuries of the tracheobronchial tree
caused by blunt trauma to the chest have several
features in common that aid in identification of the
patient with severe and potentially dangerous in

juries:
1. Generalized severe subcutaneous emphysema in

volving the head, neck, chest, and abdomen"

2. Cough producing bloody sputum

3. Mediastinal emphysema, resulting either from
dissection of air into the mediastinum from an

air leak in the cervical trachea or from intrathor
acic tracheobronchial injury with air leaking di

rectly into the mediastinum and escaping into
the neck'v"

4. Venous engorgement and cyanosis from superior
vena cava compression in severe cases, and from
external and internal jugular compression in
milder instances (which rarely interferes with
the return of venous blood to the right heart")

5. Dyspnea resulting from airway obstruction sec

ondary to blood and secretion accumulated
within the lumen of the tracheobronchial tree,
interruption of the continuity and caliber of the
airway, and external compression of the airway
from mediastinal and cervical emphysema

6. Aggravation of problem by assisted ventilation by
bag, mask, and oral airway. The use of a cuffed
endotracheal airway may be helpful, unless the
laceration is distal to the cuff of the tube, in
which case ventilation assisted by this means will
further compromise the airway. Normal respira
tory exchange of oxygen-enriched gas improves
oxygenation with minimum or no increase of
emphysema and greatly decreases this risk.

The appearance of the patient presenting with a

ruptured bronchus or trachea varies greatly de
pending on the exact position and extent of the rup
ture. If the injury is confined to the tracheobron
chial tree and does not lacerate the pleura, massive
mediastinal, pericardial, and subcutaneous emphy
sema result with minimal shock. If the injury com

municates with the pleural space, the escaping air
forms either a simple pneumothorax or a tension

pneumothorax.8.9.11.18-20 The accumulation of
mediastinal and subcutaneous air is much less
severe in these patients, yet they are in more severe
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shock than those without pneumothorax. The most

significant problem is that produced by a pro
gressive pneumothorax.9.11.16.17.19

Emergency treatment is similar for both of these
lesions, but the order is reversed. The first group is
in most urgent need of tracheostomy and mediastin
otomy followed by placement of an intercostal
tube. The second group first needs placement of an

intercostal tube followed by tracheostomy and med
iastinotorny."

In the third group, the peritracheal or peri
bronchial fascia is not disrupted and the general ap
proximation of the avulsed segment may be main
tained, so that it is possible that the patient may be
able to exchange through the injured bronchus
without great difficulty. This situation, unrepaired,
is likely to lead ultimately to bronchial stenosis
which will require surgical repair at a later time. 7.21

TREATMENT

1. Immediate tracheostomy with dissection of the
superior mediastinum to improve the airway
and to permit escape of air trapped in the
mediastinum

2. Insertion of intercostal tube on side of rupture if

pneumothorax is present or if thought desirable
for prophylaxis

3. Discontinuation of efforts to assist ventilation
immediately if these efforts worsen the subcuta
neous or mediastinal emphysema

4. Encouragement of spontaneous respiration in an

oxygen-enriched atmosphere to provide ade
quate ventilation for the patient if positive
pressure ventilation cannot be used

5. Bronchoscopy to evaluate tracheobronchial tree

for laceration and to determine position of lacer
ation and extent of injury

6. Introduction of open bronchoscope to a point
beyond site of injury if needed for ventilation

7. Consideration of several factors for the decision
to explore the tracheobronchial tree via thoraco
tomy and to close the ruptured airway. Defini
tive information about the position and extent of
laceration may be obtained by bronchoscopic ex

amination, either fiberoptic or rigid. If the lac
eration is large and gaping, immediate thoraco
tomy and repair should be undertaken. If the
visualized laceration is small and does not pene
trate the fascial investment or the mucosa of the
tracheobronchial tree, relief of pressure symp
toms caused by the escaping air will suffice and
the laceration will heal spontaneously. If the in
tercostal tube controls the pneumothorax and it
is possible to keep the lung expanded by suction

drainage, the laceration is probably small and
will close spontaneously.6.8.16.18
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If the air leak does not decrease promptly or if ex

pansion of the lung cannot be accomplished with
the use of the chest tube, thoracotomy and closure
of the laceration are essential. The clinical course

must be followed and the patient's progress continu

ally reevaluated. Bronchial closure may be accom

plished as a delayed procedure, but is more often

complicated by late bronchial stenosis. 18

COMPLICATIONS

Immediate. Pneumothorax may be either ordinary
or tension. A small air leak will often, but not al

ways, produce pneumothorax which is readily con

trolled by inserting an intercostal tube. In cases

with a large laceration, the air leak may be profuse
and not well controlled by the intercostal tube. A

continuing, profuse flow of air which does not di
minish rapidly suggests the presence of a large lac
eration in the tracheobronchial tree and mandates

early thoracotomy through the side of the injured
bronchus. Untreated, a persistent bronchopleural
fistula requiring definitive surgery at a later date

may ensue.

Hemothorax is associated with vascular lacera
tion. This should be investigated promptly by arter

iography, an aortic arch study to identify the pres
ence or absence of an arterial injury which, if left

unrepaired, would likely produce a fatal result.
Laceration of the venous system is another serious

complication which requires immediate evaluation
and treatment by thoracotomy. 16.18

Delayed. Pyothorax may ensue from contamina
tion of the pleural space by way of the intercostal
tube or by way of esophageal perforation which
may be an associated injury. In either case, defini
tive surgical care of the pyothorax and repair of its
source is essential. 18.22.23

Chylothorax is an uncommon complication and
one which is not usually a severe problem. Surgical
�KNOWLEDGMENT - The original artwork was done by Kathy Schlesser.

removal of the accumulated chyle is often neces

sary.l1.16
Bronchial stenosis is a late development of the un

repaired bronchus. Repeated bronchoscopic examin
ation should be utilized to follow the course of bron
chial healing. The production of granulation tissue

by the healing process ultimately leads to stenosis
which may be prevented by surgical or laser re

moval of exuberant granulation tissue and/or re

peated dilatation of the region of the bronchial in

jury.
Fractures of any of the first three ribs suggest the

possibility of other serious intrathoracic injuries.

CONCLUSION

The patient with tracheobronchial rupture is
often the victim of multiple severe injuries. In the

management of these patients, highest priority
should be given to the relief of the airway problem
and the evaluation of the cervical spine with protec
tion of the spinal cord if a spinal injury exists. After
these are stabilized, treatment of intrathoracic
bleeding and evaluation and treatment of any other

injuries should be carried out.

Prompt recognition of traumatic intrathoracic

rupture of the tracheobronchial tree and immediate
attention to correction of the anatomical and physi
ological problems created by this injury should
result in survival of most patients. Tracheostomy,
mediastinotomy, and intercostal drainage are the
most important procedures for control of the altered
respiratory mechanics and physiology. Assisted ven

tilation may markedly aggravate the physiological
problems and should not be given. The patient must
be provided with an oxygen-enriched atmosphere
and allowed to exchange spontaneously. If assisted
ventilation is essential, the cuffed tube or bron
choscope must be introduced to a point beyond the
laceration to avoid further damage.
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ESOPHAGEAL BURNS SECONDARY TO DISC BATTERY INGESTION

MICHAEL D. MAVES, MD

INDIANAPOLIS, INDIANA

JEFFREY S. CARITHERS, MD

COLUMBUS, OHIO

HERBERT C. BIRCK, MD

COLUMBUS, OHIO

Accidental ingestion and impaction of disc batteries in the esophagus has been a constant predictor of severe morbidity presumably
due to leakage of highly caustic potassium or sodium hydroxide contained in these electric cells. Fewer than ten reports of esophageal burns
from disc battery ingestion have appeared in the medical literature; an additional case involving ingestion of a mercury disc battery was

recently encountered at the James Whitcomb Riley Hospital for Children, Indiana University School of Medicine. Two children died as a

direct result of the impaction and resultant esophageal burn; six children experienced perforation of the esophagus, with four children
developing tracheoesophageal fistulae. We report the ingestion of a 1.35-V mercury camera disc battery by a 10-month-old girl in whom a

severe burn of the anterior midesophagus was noted 18 to 22 hours after impaction. The child subsequently developed a tracheoesophageal
fistula and esophageal stricture at the site of the burn and required tracheotomy, closure of the fistula, partial esophagectomy and
gastrostomy for eventual successful management. Stimulated by this experience, we have conducted an in vivo study of the time course and
severity of esophageal burns resulting from alkaline and mercury battery ingestion in 15 cats. Mucosal damage can be seen as early as one

hour after ingestion, rapidly progressing to involvement of all muscular layers by four hours. Removal of this foreign body should be as-

I signed highest priority to prevent rapid development of these burns and the long-term sequelae mentioned above. Additionally, manufac
turers of these batteries (commonly used in cameras, calculators and other electronic devices) and the general public should be made aware

of the severe nature of these burns and the need for proper disposal of these batteries.

INTRODUCTION

Accidental ingestion of foreign bodies by children
is not an uncommon event. Most round, smooth ob
jects will pass without complication through the ali
mentary tract in general and the esophagus specifi
cally. However, in some cases of persistent impac
tion, surgical intervention will be necessary to re

move an object that does not pass. Removal of these
objects with proper endoscopic technique usually
will result in a successful outcome. 1 Complications
from smooth foreign bodies have been rare but are

reported to include esophageal perforation and fis
tulization between the esophagus and trachea or

aorta."

Recently the medical literature has alerted physi
cians to the potentially lethal risks of miniature disc
battery ingestion. 3-6 These electronic devices are

composed of various heavy metals such as mercury,
zinc, silver, nickel, cadmium or lithium, and con

centrated electrolytic solutions of 26 % to 45 % po
tassium or sodium hydroxide." Leakage of such
caustic solutions from the battery are believed to

cause the esophageal and occasional gastric burns
noted in these ingestions. Other means postulated to
have an effect on the esophageal mucosa of these in
dividuals include a) the corrosive effects of mercuric
oxide contained within some power cells, b) diffu
sion of fluid (in both directions) across the battery
seal in a liquid medium, c) low voltage burns caused
by generation of an electrical current external to the

battery due to the electrical potential between the
cathode and anode, and d) effects of local pressure
necrosis alone.t':"?" Increased systemic mercury
levels have been observed in mercuric oxide disc
batteries traversing the gastrointestinal tract. 4

Complications of disc battery ingestions were not

reported prior to the mid-1970s due to the limited
use of these devices before that time. 11 Since then,
reports of disc battery ingestions have been sporadic
and no individual has had extensive experience with
this problemY-18 The National Button Battery In

gestion Study has been established in order to ac

cumulate data and formulate treatment plans. Re
cent letters and editorials have recommended sever

al levels of urgency of treatment depending upon
the type and location of the button battery inges
tion.19-26 Time-of removal has ranged from immedi
ate surgical intervention to waiting for 48 hours to

observe if spontaneous passage will occur.

We found the lack of concrete clinical and experi
mental data pertaining to these burns frustrating in
the management of our reported case. Also of im

portance was the relative lack of awareness of phy
sicians and the lay public of this condition and the

potential danger of these electrical devices.

We report the case of a lO-month-old girl in whom
a severe burn of the esophagus was noted 18 to 22
.hours following ingestion and impaction of a 1.35-V

mercury camera disc battery. We also share the re-
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Fig 1. Posterior-anterior radiograph of chest demonstrat
ing lodgment of mercury disc battery in upper esophagus.
Note "double density" cast by battery.

suits of an experimental study in cats to elucidate
the mechanism of injury to the esophagus following
disc battery lodgement and to determine the time
course of events leading to transmural necrosis and
subsequent esophageal perforation. Cats were chos
en because of the similarity of the size and shape of
the feline esophagus to that of children.

The results of this investigation reveal that the
length of time the esophagus may be exposed to

mercury and alkaline batteries before damage will
occur is much shorter than initially anticipated.
Mucosal damage is seen as early as one hour with
progression to transmural necrosis by four hours in
both types of batteries studied. This information in
creases the need for early identification of patients
presenting with this problem so that early removal
may be effected.

CASE REPORT

A 10-month-old girl was admitted to the James Whitcomb Riley
Hospital for Children following esophagoscopy at an outlying
hospital for removal of a 1.35-V mercury camera disc battery
(Eveready EPXI3, 15.6 x 6.05 mm). The child's parents related
an 18- to 22-hour history of general irritability with dysphagia
and an unwillingness to eat. A fever of 39°C rectally was present.
Chest x-ray film demonstrated a circular, smooth radiopaque
foreign body in the upper thoracic esophagus (Fig 1). A faint double
shadow within the foreign body could be appreciated, suggestive
of a button disc battery. A lateral x-ray film was not obtained.

At esophagoscopy a severe burn with black charred material was

noted to have occurred circumferentially, but with more severe

involvement anteriorly, at the site of impaction. Copious amounts
of black-stained saliva were present within the hypopharynx. A

nasogastric tube was placed across the burn site into the stomach
and the child was tranferred immediately to Riley Hospital for
Children.

Upon admission a regimen of antibiotics and corticosteroids
was begun for treatment of the esophageal burn. 27 No evidence of
early complication from the injury was apparent and satisfactory
progression of healing was felt to be occurring. The patient was

discharged home on nasogastric feedings 3 weeks following the
initial endoscopy.

Readmission was made necessary 4 weeks postburn following
the discovery of a tracheoesophageal fistula on a contrast esopha-
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Fig 2. Contrast esophagograms. A) Tracheoesophageal
fistula at site of burn with free flow of contrast into trache
obronchial tree. B) Stricture at site of prior disc battery
lodgment, burn, and tracheoesophageal fistula.

gogram (Fig 2A). Endoscopic evaluation of this communication
was performed and the fistula was found at the site of the previ
ous injury. This fistula was managed conservatively with nasogas
tric feedings, and it closed spontaneously following cessation of
steroid administration. During this time, the child was successful
ly treated for a right lower lobe pneumonia and gram-negative
septicemia due to Pseudomonas aeruginosa. Although oral ali
mentation was allowed, eating by mouth became increasingly
difficult. A stricture at the site of the burn and fistula was then
demonstrated (Fig 2B). Despite vigorous attempts at dilatation of
this stricture, it could not be safely dilated in an anterograde man

ner. A gastrostomy was performed 15 weeks postinjury and retro

grade dilatations were begun. Once again, some 8 months follow
ing the initial ingestion, patency of the esophagus could not be
maintained and the child underwent partial esophagectomy with
primary anastomosis to resect the involved stenotic segment of
esophagus. Postoperatively the child experienced ventilatory in

sufficiency related to tracheomalacia from the area of esophageal
resection, requiring tracheotomy 1 week later. She was eventually
decannulated and is doing well more than 1 year postburn.

MATERIALS AND METHODS

Fifteen adult mixed-breed cats were divided into two experi
mental groups of seven cats each and one control cat. One group
of cats tested the effects of the Duracell PX825 1.5-V alkaline
manganese dioxide battery and the other the effects of the Duracell
PX13 1.35- V mercuric oxide battery. To ensure accurate place
ment and stabilization of the batteries, the distance from the
canine teeth to the cricopharyngeus and distal gastroesophageal
junction was measured endoscopically and the batteries were se

cured with silk suture to the eat's canine teeth. Two batteries of
the same type were placed in the esophagus of each cat, one in the
proximal esophagus, 1 em beyond the cricopharyngeus, and one

in the distal esophagus, 2 em proximal to the gastroesophageal
junction. The cathode of each battery was placed alternatively
ventrally or dorsally to determine the effect of battery position on

the severity of the burn. A radiograph demonstrates the position
and orientation of these batteries (Fig 3). Dimes and nickels were

used as controls in each experimental group because of their simi
larity in size and shape to the batteries being tested. Anesthesia
was maintained throughout the study with periodic doses of
ketamine hydrochloride (15.4 mg/kg).

The cats were killed at 1, 2, 4, 6, 8, and 12-hour intervals by an

overdose of sodium pentobarbital. After the batteries were re-
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moved, the entire esophagus was removed en bloc by dissection
and photographed along with the test batteries (Fig 4). The

specimens were placed in fixative and the involved areas of each

esophagus were later examined histologically by an independent
observer blind to the experimental design (Table 1).

RESULTS

All animals completed the experiment. Although
occasional proximal migration of some batteries oc

curred, they generally remained in position for the
duration of the experiment. Migration was noted
more with the smaller (15.6 mm diameter) mercury
batteries. While the batteries were in place, regur
gitation of brown, frothy saliva with numerous

black flecks occurred in 12 experimental animals,
increasing with length of time of exposure. This oc

curred primarily with the large (22.99 mm diame
ter) alkaline batteries but also to a lesser degree
with the smaller mercury cells.

Endoscopic appearance of the esophageal mucosa

demonstrated black/brown discoloration of the area

of the cathode with varying degrees of transmural
necrosis and burn consistent with the duration of
battery placement. After dissection of the esopha
gus, discoloration at the site of the battery could be

Fig 3. Radiographs of cat illustrat
ing position of disc batteries in

proximal and distal esophagus.
Note opposite orientation of cath
ode.

seen in all specimens except the coin controls (Fig
4). When batteries were in place longer than 4

hours, the foreign body itself could be seen through
the remaining film of serosa. Frank perforation
with the foreign body in the mediastinum was noted
at 8 and 12 hours. Edema and greenish discolora
tion of the surrounding mediastinal and thoracic
structures occurred with both types of batteries at 4
hours and beyond. The area of maximum burn was

always toward the negative pole of the battery,
near the plastic seal between the anode and cath
ode. In general, both the amount of corrosion sur

rounding the battery and the local effects observed

grossly on the esophageal wall parallelled one

another.

Microscopic examination of the burned tissue re

vealed dramatic changes. With the larger alkaline
batteries, necrosis to the inner muscular layer had
occurred at one hour in the proximal esophagus and

progressed to transmural, full-thickness necrosis of
the esophageal wall by two to four hours both prox
imally and distally.

Rapid destruction of the esophagus also occurred
with the smaller mercury batteries, although at a

Fig 4. Dissected esophagus with A-D)
Duracell PX825 alkaline manganese diox
ide batteries, and E) 12-hour coin con

trol. A) One-hour exposure, B) two-hour
exposure, C) four-hour exposure, and D)
six-hour exposure .. Note progression of

esophageal discoloration, burn, and cor

rosion with time.
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Code Description
o Normal
1 Superficial mucosal necrosis

2 Mucosal necrosis to muscularis mucosa

3 Necrosis through muscularis mucosa

4 Necrosis of superficial half of submucosa

5 Full thickness necrosis of submucosa

6
7
8

Partial necrosis of inner muscularis coat

Full necrosis of inner muscularis coat

Full thickness necrosis esophageal wall (including adven
titia)

Sections were graded according to both the amount of necrosis visible
and the degree of inflammation present, defined as the presence of

edema, neutrophils, and hemorrhage.

somewhat slower rate. By two hours, necrosis

through the inner muscular layer had occurred in
the proximal esophagus with complete esophageal
wall involvement by four hours. Distal esophageal
involvement was somewhat delayed, but was

through by six hours.

DISCUSSION

Except for the specific make and type of battery,
the reported cases of esophageal disc battery inges
tion have several similarities: the age group of the
children ingesting these batteries is similar to the

age group ingesting foreign bodies in general; the
batteries tend to be the larger 16- to 23-mm size,
which are more likely to become lodged in the esoph
agus; the burns involved the proximal portion of the

esophagus more frequently than the distal; six of the

reported cases demonstrated perforation of the

esophagus with four of these perforations resulting
in tracheoesophageal fistulae; and finally, two of
the children expired as a result of the impaction,
perforation, and its complications. On the other

hand, the duration of exposure to the disc battery
varied from as little as four hours to as much as 2
weeks. This wide discrepancy in time prior to re

moval has confused clinicians as to the level or ur

gency of treatment of these injuries (Table 2) _J.5.11.14.16

Our experimental data contribute significantly to

understanding the pathogenesis of these injuries.
First and most important, the time course to the de

velopment of these burns is extremely rapid, cer

tainly less than four hours and perhaps as little as

two hours depending upon the size of the battery

and the relative size of the esophagus. These data
are in general agreement with those of Votteler et

al" who conducted a similar investigation in dogs.
Their data demonstrated early mucosal changes at

one hour with progression to ulceration in two

hours. An observation at variance with our findings
was that transmural tissue necrosis with perforation
did not occur within the seven hours of their experi
mental design. This difference may be in part due
to the different animals employed or may reflect the
larger esophageal lumen present in the dog as com

pared to the cat. In any event, the rapid develop
ment of these injuries makes mandatory identifica
tion of these foreign bodies and their prompt re

moval of the highest importance. Certainly a posi
tion of "watchful waiting" in an effort to determine
whether the object will spontaneously pass could be
disastrous.

Second, the position of the negative pole deter
mines the orientation of the most severe area of burn.
We feel that this is not due to any local electrolytic
current as has been postulated, but from the local
effects of leakage of concentrated 26 % to 45 % po
tassium or sodium hydroxide.28 This area of the
electric cell corresponds to the plastic seal between
the two halves of the battery and is a weak area of

junction with a propensity for allowing leakage of
electrolyte. This can be confirmed by placing new

or old disc batteries in water and observing the sub
sequent bubbling of the solution and the increase in

pH.5 Thus, orientation of the cathode and burn
may account for the relatively high number of tra

cheoesophageal fistulae reported in the literature in
association with these injuries.

Third, there is a new need for the pediatric radi

ologist to be able to identify this particular type of

foreign body so that the treating physician may be

properly alerted. In some instances the typical double
shadow of a battery may be observed on posterior
anterior film; however, we feel that a resumption of
the former standard practice of obtaining a lateral
film on every foreign body would aid in the poten
tial identification of disc batteries.

Finally, we would like to propose a treatment

plan based upon our clinical and experimental ex

perience. Inasmuch as children with a history of
disc battery ingestion will only rarely present to any

TABLE 2. ESOPHAGEAL DISC BATTERY BURNS

Site oj
Esophagus

Report Age Sex ,
Time Lodged Diameter Pelioration TEF Outcome

Blatnick" 2.5 yr M 26 hr Upper 23 mm + + Died - massive exsanguination
Shabino" 16 mo F 4d Upper 23 mm + Died - aortic arch rupture
Votteler": 20 25 mo M 5d Upper 21 mm + + Colon interposition
janik" 24 mo M 2 wk Upper + + Colon interposition
Litovitz" 5 yr F 4 hr Lower 23 mm 2° burn, no sequelae

16 mo 6 hr Upper 23 mm + Spontaneous closure

Maves 1984 10 mo F 20 hr Upper 16 mm + + Partial esophagectomy
TEF - Tracheoesophageal fistula, + - present, -

- absent.
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physician, we feel that alerting messages are impor
tant in intensifying the general medical community's
awareness of the severity of such mjuries.":" Also' it
must be remembered that parents will be aware of
the exact nature of the offending foreign body only
a portion of the time. Therefore, every possible inges
tion should be promptly evaluated to reduce loss of
valuable time. Prompt radiographic confirmation
of the presence or absence of a foreign body with a

posterior-anterior and lateral film from nasophar
ynx to anus should be the first step taken at the time
of presentation to the emergency room. Should a

foreign body suspicious for a disc battery be noted
in the esophagus, then immediate removal in the

operating room using proper endoscopic technique
is indicated. Emetics such as ipecac are contraindi
cated. We also feel that blind removal with a Foley
catheter is contraindicated for two reasons: because
of the high potential rate of esophageal perforation
from the caustic burn, and because direct visualiza
tion of the burn cannot be carried out.6.29.30 Fur
ther, our experimental work indicates that the disc

battery may be tightly adherent to the esophagus in

part due to the products of corrosion, requiring con

siderable care in removal not allowed by the Foley
catheter technique.

Placement of a nasogastric tube at the time of the
initial endoscopy will allow alimentation of the
child and serve as a lumen finder in the event of

subsequent stricture. Close observation for signs of

perforation or septicemia is necessary. Placement of
the child on an established regimen of burn treat
ment is also advised. 27

Should the initial radiograph demonstrate that
the battery has passed the esophagus, then periodic
observation via abdominal films to ensure passage is
all that should be necessary; only one complication
of postesophageal disc battery ingestion in nearly 100
cases has been reported. IS The local effects of the
battery on the small bowel mucosa can be assumed
to be similar to those on the esophageal mucosa.

Therefore, formal laparotomy with removal should
be considered if it appears that the battery is

stopped in its passage. Monitoring of urinary mer

cury levels is advised inasmuch as elevation of sys
temic mercuric oxide might prompt early surgical
removal of a battery beyond the lower esophageal
sphincter."

Finally, a plea is to be made to the manufacturers
of these batteries to make the general public aware

of these hazards and to strive to achieve a better seal
to reduce the leakage of electrolyte solution. Further
experimental work is needed to investigate other
disc battery systems and also to study the late, long
term effects of subacute injury to the esophagus
from such injuries.
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CARBON DIOXIDE LASER IN SUBGLOTTIC HEMANGIOMA

AN UPDATE
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Congenital subglottic hemangioma is a potentially life-threatening lesion which frequently presents before the age of 6 months. Many
forms of therapy have been advocated for the treatment of this difficult lesion. The use of the carbon dioxide laser has been advocated in

the past and this report represents an update in treating 31 patients from 1975 to 1983. The success rate was 94 % and the complication rate

was 6.5 %. This form of therapy is an effective and valuable addition to those already available for this troublesome lesion.

INTRODUCTION

Congenital subglottic hemangioma is a poten
tially life-threatening lesion which frequently pre
sents before the age of 6 months. MacKenzie first
described this lesion in 1864, I but it was not until
1921 that Sweetser first differentiated the capillary
subglottic lesion of infancy from the cavernous su

praglottic lesion of the older patient. 2 This lesion
has been associated with a high degree of morbidity
and mortality, approaching 50 % in some series. I

Fortunately, the lesion IS rare but possesses the

ability to severely compromise the infant airway.
Patients are usually asymptomatic at birth, but
within a few weeks or months the patient develops a

biphasic stridor associated with varying degrees of

respiratory distress. Usually the clinical presenta
tion is that of a prolonged course of laryngotrachei
tis. One must be alert to the possibility of this lesion
in any patient who has recurrent episodes of

"croup."
The isolated capillary subglottic hemangioma

usually appears as a smooth, compressible mass be
low the posterior commissure and may extend
around either lateral wall of the subglottic space
(Fig 1). It is usually covered by mucosa, and rarely
extends to the trachea or true vocal cord. Patients

display associated cutaneous hemangioma in ap
proximately 50 % of cases.

Over the years a wide variety of treatments have
been advocated for this .lesion. These include tra

cheotomy and observation, radiation therapy, ra

dioactive gold grain implantation, systemic steroid
therapy, and a variety of external and endolaryn
geal surgical approaches.:'"

Because of various shortcomings of all of these
therapeutic modalities, the author sought a means

of therapy which carried as little morbidity as possi-

ble, while effectively removing the obstructing he

mangioma. The introduction of the carbon dioxide
laser and its success in pediatric laryngology led
Healy et al to utilize this form of therapy for the
first time in 1975 in the treatment of this lesion."
Some series have indicated unsatisfactory results
with the use of the carbon dioxide laser in the treat

ment of isolated subglottic capillary hemangioma."
We report the long-term follow-up of patients
treated with the carbon dioxide laser in what has
become for us a very effective form of therapy.

MATERIALS AND METHODS

The carbon dioxide surgical laser was employed in the treat

ment of isolated subglottic hemangiomas in 31 patients from 1975
to 1983 at the Children's Hospital, Boston. Of these, 12 patients
had tracheotomies in place when referred for therapy, three had

undergone prior irradiation without remission of their lesion, and
seven had been treated with steroid therapy without success.

There were 17 girls and 14 boys ranging in age from 3 weeks to 18
months.

General anesthesia was employed in all patients. It was admin
istered through the tracheotomy site in 12 patients, while the re

mainder were intubated, brought to the proper anesthetic plane,
and then ventilated through a Venturi apparatus attached to the

laryngoscope for the primary resection. Lesions were visualized

through the operating microscope and tissue was removed for his
tologic examination when possible. After obtaining specimens,
the remaining tissue was vaporized with the carbon dioxide laser.
The patients were then returned to the recovery room and placed
in a humidified atmosphere.

Two lasers were employed during the course of this study (Cav
itron 50- Wand Merrimac 40-W carbon dioxide lasers). It was our

practice to employ the laser in intermittent bursts rather than in a

continuous mode, using a setting of 0.05 seconds at 20 W. The
smallest spot size available on each laser was employed (Cavitron
= 2.0 mm; Merrimac = 0.7 mm).

RESULTS

Eighteen of 31 patients had complete remission of
their lesions with one laser procedure. Nine patients
required a second application before complete re-
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mission was achieved, while three patients required
three applications. The mean number of applica
tions for this series was 1.5 per patient. Of the 19

patients who presented for surgery without a pre
viously placed tracheotomy, 18 have maintained a

patent airway without need for tracheotomy. One

patient required tracheotomy when recurrence of
symptoms occurred approximately 3 weeks after the
initial laser application. Two patients required in
tubation before a repeat laser procedure relieved
their symptoms. Racemic epinephrine was em

ployed in three patients to control symptoms until

repeat laser surgery cleared the airway of obstruction.

Material was obtained in 27 of 31 patients to con

firm histologically the diagnosis of subglottic capil
lary hemangioma. One patient had insufficient ma

terial submitted to the pathologist and two patients
who had undergone previous irradiation showed
only fibrosis in the submitted specimen. In these
cases it was assumed that the lesion treated repre
sented a capillary type of hemangioma because of
the location and gross appearance of the subglottic
mass.

Follow-up ranged from 6 to 31 months (Table).
Follow-up radiographs were obtained in 12 of 31

patients 6 months after surgery with no evidence of
recurrence. Repeat endoscopy was carried out in 11

patients andcomplete healing was observed in all of
these cases.

Four cases required reoperation within 24 hours
of surgery for the removal of crust-like material
from the subglottic space, indicating the need for
intense humidification in the immediate postopera
tive period in order to avoid crust formation on t.he
denuded mucosal surface.

There were two complications in this series. A
7 -month-old patient underwent an uneventful re

moval of her subglottic hemangioma using Venturi
ventilation. Approximately 20 minutes after the

completion of surgery the patient developed severe

respiratory distress and was found to have a bi
lateral tension pneumothorax and extensive subcu
taneous emphysema .. This was relieved by the

placement of bilateral chest tubes and reintubation.
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Fig 1. Classic subglottic capillary
hemangioma. A) Posterolateral por
tion of subglottic space (arrow). B)
Lateral neck x-ray film showing
smooth-walled posterior subglottic
mass (arrow).

The tubes were successfully removed approximately
three days later with no sequelae. It is assumed that
this complication was secondary to Venturi venti
lation with inappropriately high pressures. This is
the same patient mentioned above who required
tracheotomy when symptoms of laryngeal obstruc
tion recurred 3 weeks after initial laser surgery. Al

though the larynx was not viewed by the author at

the time of tracheotomy, it was reported by the sur

geon that the hemangioma had recurred and the
carbon dioxide laser was again employed by him for
its removal.

The second complication involved the occurrence

of a small amount of subglottic scarring in an

8-month-old girl after resection of a large subglottic
hemangioma. This patient had already had a tra

cheotomy in place prior to the application of the la
ser for the removal of her subglottic hemangioma.
She has not suffered any additional morbidity and is

presently ready to be decannulated.

DISCUSSION

It is hoped that this report will arrest some of the
fears and doubts proposed by other authors who
have indicated unsatisfactory results with the use of
the carbon dioxide laser in the treatment of subglot
tic capillary hemangioma." It is apparent that the
carbon dioxide laser represents a satisfactory alterna
tive to all previously described therapeutic modal
ities in the treatment of this lesion.

Fig 2. CT scan of mediastinal region showing hemangio
matous involvement. Arrow - contrast-enhanced lesion.
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PATIENT PROFILE

No. of Laser
ResultsCase Age (mol Sex Prior Therapy' Applications

1 1 F No 1 No symptoms 68 mo

2 2 M Tracheotomy 2 Decannulation, no symptoms 64 mo

3 7 M Steroids 1 No symptoms 64 mo

4 18 M Tracheotomy 2 No symptoms 64 mo

5 5 M No No symptoms 58 mo

6 7 F No 2 No symptoms 53 mo

7 4 F Tracheotomy, steroids 1 Decannulation, no symptoms 48 mo

8 9 F Tracheotomy, steroids 1 Decannulation, no symptoms 46 mo

9 13 M Radiation therapy (750 rad) 2 No symptoms 46 mo

10 3/4 F No 1 No symptoms 42 mo

11 2 M No 2 No symptoms 41 mo

12 3 F No 1 Occasional croupy cough 41 mo

13 1 F No 3 No symptoms 39 mo

14 3 M Tracheotomy Decannulation, no symptoms 38 mo

15 5 F Radiation therapy (750 rad) No symptoms 38 mo

16 4 M Steroids 2 No symptoms 38 mo

17 8 M Tracheotomy, radiation therapy Decannulation, no symptoms 37 mo

(400 rad)
18 11 F Tracheotomy 3 Decannulation, no symptoms 36 mo

19 10 F Tracheotomy, steroids Decannulation, no symptoms 36 mo

20 1 M No Occasional croupy cough 35 mo

21 3 F Tracheotomy 2 Decannulation, no symptoms 33 mo

22 6 M Steroids No symptoms 31 mo

23 2 F No 1 No symptoms 29 mo

24 2 F Tracheotomy 2 Decannulation, no symptoms 24 mo

25 1 F No No symptoms 22 mo

26 12 F Tracheotomy Decannulation, occasional croupy
cough 21 mo

27 1 M No 3 No symptoms 15 mo

28 2 M No 1 No symptoms 14 mo

29 1 M No 1 Occasional croupy cough 12 mo

30 2 F No 3 Tracheotomy, recurrence after 2nd
operation"

31 8 F Tracheotomy, steroids 2 No lesion 6 mo, ready decannula-
tion, slight subglottic scar"

'Complication cases.

This modality should not be applied to cavernous

type lesions, as it does not possess a hemostatic ef
fect in lesions where the diameter of the vasculature
is greater than 0.5 mm. We have also found that
this modality is not useful in patients with diffuse
hemangiomatous involvement of structures outside
the larynx (Fig 2). In these cases the subglottic le
sion represents only a small part of a more diffuse
process which may involve other structures of the
neck and mediastinum. Attempts at removal of the
subglottic component of the lesion do little to im

prove the overall picture.

Benjamin and Carter have reported the occur

rence of subglottic stenosis in a patient who under
went laser surgery for subglottic hemangioma. 6 One
of our patients did develop some scarring of the sub
glottic space, but it was not sufficient to be called a

stenosis. We find that in large lesions it is preferable
to stage the resection so that large areas of opposing
raw surface will not be created at anyone time. This
would seem to reduce the chances of scarring. The
laser should also be used in intermittent bursts
rather than in a continuous mode so as to prevent
excessive overheating of surrounding tissues, thus

reducing the chances for edema and scarring.
Charred tissue particles should be constantly re

moved during the resection. This char is the result
of oxidation of the solid portions of tissue of less wa

ter content. If the laser is allowed to continuously
impact on char it encourages the overheating of tis
sue.

Brodskyet al reported the need for as many as 11
laser procedures to eradicate hemangioma from the
larynx.!" This has definitely not been our experi
ence.

CONCLUSIONS

The carbon dioxide surgical laser has provided a

means of relatively safe, effective removal of capil
lary subglottic hemangioma in 29 of 31 patients for
an overall success rate of 94 % in this series. There
were two complications (6.5 0/0) in the 31 cases

treated. It is our conclusion, therefore, that this
form of therapy is an effective and valuable addi
tion to the forms of therapy already available for this
troublesome lesion.
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LOCALIZED AMYLOIDOSIS OF THE HEAD AND NECK AND UPPER
AERODIGESTIVE AND LOWER RESPIRATORY TRACTS
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Seven cases of localized amyloidosis limited to structures of the head and neck and upper aerodigestive and lower respiratory tracts

evaluated and treated at Boston University Hospitals in a recent 7-year period were reviewed. Negative Congo red staining of abdominal

adipose aspiration biopsy or rectal biopsy specimens established that the amyloidosis was not systemic. Localized amyloidosis occurred in

discrete masses in a variety of sites in the aerodigestive tract including the orbit, nasopharynx, lips, floor of mouth, tongue, larynx, and
tracheobronchial tree. Five patients required surgical excision because of significant airway obstruction or organic dysfunction. Amyloid
deposits completely excised with the carbon dioxide laser have not recurred, though other amyloid masses may appear elsewhere within the
same organ or region. Amyloidosis may occur primarily or secondarily to other disease states. Localized amyloidosis has not been chemical

ly identified but is usually defined by the absence of systemic features. While rare, amyloidosis must be recognized and understood by the

otolaryngologist/head and neck surgeon to allow appropriate diagnostic and therapeutic planning.

INTRODUCTION

Amyloidosis is the term for a diverse collection of
diseases defined by the presence of extracellular de

posits of amyloid fibrils. Amyloid is characterized
by insoluble protein fibrils with certain physico
chemical properties. The fibrils have a characteris
tic electron microscopic appearance' and a cross

beta pattern on x-ray diffraction." After Congo red

staining, the fibrils demonstrate an apple green
birefringence on examination with a polarizing mi

croscope.:':" These fibrils are composed of polypep
tide fragments of normal serum proteins. At pre
sent, three systemic and several localized forms of

amyloidosis have been identified (Table 1). Each
systemic form of amyloidosis has a distinct serum

protein precursor: the light chains of immunoglobu
lins in AL (primary or myeloma-associated) amyloi
dosis, the acute phase reactant serum amyloid A

protein (SAA) in AA (secondary or acquired) amy
loidosis, and prealbumin in AF (familial) amyloido
sis. Some localized forms of amyloidosis have been

partially defined.

Amyloid deposits occur in a variety of locations in
the head and neck, upper aerodigestive tract, and
lower respiratory tract. In his series, Briggs noted
such deposits in 90 % of patients with systemic amy
loidosis. S Localized deposits of amyloid occur in the
head and neck, aerodigestive tract, and lower respi
ratory tract in the absence of a systemic involve
ment or other associated disease. Sites involved in
localized amyloidosis include the eye, the major and
minor salivary glands, and submucosal deposits
within the nose, paranasal sinuses, nasopharynx,

oral cavity, oral pharynx, larynx, tracheobronchial

tree, and the lung.
The importance of determining whether amyloid

deposits represent localized or systemic amyloidosis
was pointed out by Kyle and Bayrd who stressed the

markedly shortened life expectancy in systemic
forms of amyloidosis." A number of reports have
noted the potential for hemorrhage from sites in

volved with amyloidosis, as the amyloid may be de

posited in significant amounts in perivascular tissue
and even the vascular wall.":" Shaheen et al de
scribed fatal hemorrhage from localized amyloido
sis in the tracheobronchial tree." In many previous
case reports, a differentiation between localized
and systemic amyloidosis is unclear, as methods of

determining systemic amyloidosis were not avail
able or were not described.

TABLE 1. CLASSIFICATION OF AMYLOIDOSIS

Ty_pe Term Chemical Composition
Systemic

Primary AL Immunoglobulin light
chains or fragments
thereof

Secondary AA Amyloid protein A
Familial AF Prealbumin

Localized
Endocrine AE

Thyroid Precalcitonin
Pancreas Not defined

Senile AS
Brain Prealbumin
Cardiac Prealbumin

Cutaneous (dermal) AD

Aerodigestive Not defined
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TABLE 2. LOCALIZED VERSUS SYSTEMIC AMYLOIDOSIS

Type of Amyloidosis Primary Site No. of Patients

Orbital structures

Nasopharynx
Oral cavity
Larynx
Lower respiratory (tracheal, bronchial, lung)

Localized

Biopsy Site
AF R

Oral cavity deposits

Total localized

Systemic
Total amyloidosis

AF - Abdominal fat aspirate, Congo red stain; R - rectal biopsy, Congo red stain.

1
3

7

4

11

1
2

5

4

9 2

Amyloid is diagnosed by a tissue biopsy. Until re

cently, this was either by major organ or rectal bi
opsy. The tissue was stained with Congo red and
then examined with a polarizing microscope to de
termine the presence of the characteristic green
birefringence." Currently, a simple and safer tech
nique is used which, thus far, is as reliable as the
rectal biopsy. In this biopsy, adipose tissue is re

moved from the anterior abdominal wall by fine
needle aspiration biopsy and examined with Congo
red staining. 10 We will call this the aspiration of fat
(AF) biopsy technique. In both tests, the presence of
amyloid in the biopsied tissue confirms the presence
of systemic amyloidosis while the absence of amy
loid suggests localized amyloidosis in the site or or

gan separately identified. The rectal or AF biopsies
are positive in 75 % to 90 % of patients with sys
temic amyloidosis. II

Physicians will find these tests, particularly the
latter, helpful in disease management and patient
counseling. While systemic amyloidosis is noted for
shortening life expectancy, localized amyloidosis
may exhibit its greatest effect on the quality of life.
Surgical excision, properly selected for patient and
techriique, may improve this quality of life and in
some cases markedly enhance survival.

Because localized amyloidosis is extremely rare,
but frequently involves the structures of the head
and neck and upper aerodigestive and lower respi
ratory tracts (see Discussion), we felt it useful to re

view a recent series of patients. Understanding of
this disease, its presentation, and its management,
while generally helpful to physicians, is especially
important to the otolaryngologist and head and
neck surgeon, who may playa decisive role in diag
nosis and management.

MATERIALS AND METHODS

The charts were reviewed for 11 patients with bi
opsy-proven amyloidosis occurring in the head and
neck and upper aerodigestive and lower respiratory
tracts who were treated at Boston University-affili
ated hospitals in the 7 -year period 1977 through

. 1983. In each patient, the site or organ of involve
ment had been identified by biopsy, hematoxylin
eosin staining, confirmatory staining with Congo
red, and examination by polarizing light micros-

2

copy. In seven patients, .systemic amyloidosis was

ruled out by a negative rectal biopsy or abdominal
AF aspiration. Four patients had systemic amyloid
osis by a positive rectal biopsy or AF aspiration. In
each case the following characteristics were exam

ined: site of involvement, age, sex, initial clinical
findings, operations performed, duration of follow
up, follow-up findings, and survival.

RESULTS

Eleven patients with amyloidosis presented with
amyloid deposits primarily in the structures of the
head and neck and upper aerodigestive and lower
respiratory tracts (Tables 2 and 3). Of these, four
proved to have systemic amyloidosis. All four had
amyloidosis involving the oral cavity with three ex

hibiting macroglossia and the other with diffuse de
posits in the buccal mucosa.

Systemic versus localized amyloidosis was estab
lished by AF aspiration technique in nine patients
and by rectal biopsy in the remaining two.

Localized amyloidosis presented at sites in the or

bit, nasopharynx, oral cavity, larynx, tracheo
bronchial tree, and lungs. The case of orbital amy
loid tumorl2 and a case of diffuse pulmonary in
volvernent " have been reported previously else
where.

The ages of initial presentation range from 24 to
57 years. Two patients were in the third decade,
one in the fourth decade, one in the fifth decade,
three in the sixth decade, and none in the seventh
decade or older.

The sex ratio was five women and two men.

Presenting findings included discrete tumor masses

in the right orbit with proptosis (one patient) and
nasopharynx (one patient); multiple infiltrating tu
mor masses in the sublingual-submaxillary area and
lip (one patient) and right vocal fold and subglottic
area (one patient); multinodular deposits in the
subglottic region, trachea, and right main stem
bronchus (one patient); -and diffuse nodular in
volvement of the pulmonary parenchyma (one pa
tient) .

Two patients underwent diagnostic biopsies only,
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TABLE 3. PATIENT SUMMARY OF LOCALIZED AMYLOIDOSIS

Case Follow-Up Most Recent
No. Sites Age Sex Findings Operation Period (1/_r2 Follow-up Findings

Orbit 24 F Mass in right upper lid, Biopsy only 7 Slow enlargement
adnexal infiltration

2 Nasopharynx 29 F Mass in nasopharynx and Laser excision 3 No disease seen, had pala-
soft palate tal reconstruction

3 Oral cavity 52 M Sublingual-submaxillary Excision biopsy 1967 14 Mass - sublingual, floor
infiltration of mouth, lingual
Lip mass Laser excision 1975

4 Larynx 41 F Infiltration of rirt vocal Suspension, microlaryn- 3'/2 No evidence of disease
fold, anterior su glottis goscopy, laser excision

5 Larynx, tracheo- 57 M 1.5-cm subglottic mass, Suspension, microlaryn- 3'/2 Good voice, all segments
bronchial distal trachea 50 % nar- goscopy, laser excision open

rowed

Right main stem bronchus Bronchoscopy, laser ex- Sessile nodules right main
75 % narrowed cision (x3) stem

6 Tracheobronchial 39 F Multinodular, left main Bronchoscopy, laser ex- 2 Scattered diffuse deposits
stem 90 % obstruction, cision (x5) in bronchi and segments,
right main stem 80 % ob- all segments open
struction

7 Diffuse parenchymal 53 F Diffuse involvement of seg- Thoracotomy for biopsy 1'/2 Respiratory failure, de-
mental bronchi and al- ceased
veoli

with definitive surgery not being performed because
of involvement of the orbital structures or pulmo
nary parenchymal involvement shown by open thor

acotomy biopsy.

Definitive surgical procedures included submax
illary and sublingual gland excision and carbon di
oxide (C02) laser excisions of amyloid masses. Laser
excisions included microscopic laser excision in the
oral cavity, suspension microlaryngoscopy laser ex

cision of laryngeal lesions, and bronchoscopic C02
laser excisions of tracheobronchial amyloid deposits.

Follow-up ranged from 1 to 14 years.

Clinical findings at the end of the follow-up in
cluded the continued presence with slow enlarge
ment of amyloid deposits not excised. Patients un

dergoing excision. of amyloid deposits did not show
clinical signs of recurrence of amyloid at sites com

pletely excised with the C02 laser. The new occur

rence of amyloid deposits in continguous areas or

elsewhere within a region or organ was noted in
three patients, one in the oral cavity after 7 years,
and in patients with tracheobronchial multinodular

deposits. One patient with diffuse parenchymal in
volvement died of complications of her disease a

year following presentation.

Two patients who had undergone multiple bron
choscopic laser excisions for airway maintenance
and to relieve obstructive pneumonias survived
with multiple nodules of amyloidosis in the tracheo
bronchial tree. One patient required five broncho

scopic laser excisions over a 2-year period and now

has good pulmonary status. The other patient re

quired three bronchoscopic laser excisions over a

4-year period and is currently asymptomatic with a

few scattered nodules in the tracheobronchial tree
seen on flexible fiberoptic bronchoscopy.

DISCUSSION

Rokitansky, in 1842, first described amyloid de
posits and suggested a similarity to vegetable pro
tein.:" In 1853, Virchow investigated amyloid and
gave it its name. IS Burow, in 1875,16 was the first to
describe an amyloid tumor in the larynx. Balser first
identified tracheal and bronchial amyloid deposits
in 1883.17

By 1935, Kramer and Som, in a literature review,
identified 95 cases of local tumor-like deposits of

amyloid in the upper aerodigestive and lower respi
ratory tracts.!" Sites involved the larynx (36 pa
tients), tongue (16 patients), larynx and tongue (8
patients), trachea (13 patients), tracheobronchial
tree (4 patients), nose (6 patients), and a few cases

in the oral cavity, pharynx, and lung.
The rarity of localized amyloidosis in these re

gions is further demonstrated in a number of re

ports. By 1964, McAlpine and Fuller could only
identify 23 cases (in addition to those of Kramer and

Som) for a totalof 118 reported cases.
19 Eighty-one

percent of this series involved the larynx. Holinger
et al found two amyloid tumors in a consecutive
series of 1,197 benign laryngeal tumors over a

15-year period.:" In a similar study over a 15-year
period McAlpine et al found amyloidosis in the lar
ynx in seven cases of 732 benign tumors.21 This
series included one case each of amyloidosis of the
trachea, tracheobronchial tree, and pharynx.

Orbital Amyloid. Localized orbital amyloidosis
usually presents as a painless, palpable mass, usual

ly in a superior portion of the orbit. There may be
localized tumor formation or infiltration of orbital
structures as in the case in this series. Of 11 previ
ously reported cases of orbital amyloidosis, nine, in

cluding this case, showed no evidence of systemic
amyloidosis."? Definitive treatment includes surgi-
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Fig l. Localized amyloid tumor of nasopharynx. A) Lateral x-ray film. Arrow - polypoid mass. B) CT scan. Arrow - asymmetry
and mass. C) CT scan. Large arrow - mass occluding right eustachian tube with patent contralateral eustachian tube orifice (small
arrow).

cal excision and reconstruction where possible. This
was not feasible in the patient in this series.

Nasopharynx. Nasopharyngeal amyloidosis is

quite rare. We have identified only four previous
cases.18,22 Our patient, presenting at age 29 after
several years of symptoms of eustachian tube dys
function, had undergone myringotomy with inser
tion of a ventilation tube on the involved side 3

years previously. The ventilation tube was removed
a year later because of bleeding from the ear. A

tympanic membrane perforation persisted. It is in

teresting that she had undergone tonsillectomy and

adenoidectomy for chronic recurrent infection 9

years previously at age 20, with adenoid hyper
trophy being noted and being treated with adenoid
ectomy. She had experienced a chronic postnasal
drainage and irritation. A polypoid mass was found
in the right nasopharynx with extension into the su

perior soft palate (Fig 1). The mass was excised with
the C02 laser via a midline palate-splitting inci
sion. Because of the tumor infiltration into the soft

palate, a portion required resection. A palato-pha
ryngeal flap was required at a later date with, satis

factory elimination of symptoms of nasal reflux and

tonality. The operation was performed at another
institution. Current follow-up, computerized axial

tomographic scannings, as well as fiberoptic naso

pharyngoscopy, have confirmed the absence of tu

mor recurrence. The patient has experienced con

tinued eustachian tube dysfunction with a patent
tympanic membrane perforation and symptoms
consistent with temporal mandibular joint dysfunc
tion syndrome.

Oral Cavity and Pharynx. Localized amyloidosis
occurs much more frequently in this region (Fig 2),
which was the area affected in 29 of the 95 cases re

ported by Kramer and Som. 18 Kyle and Bayrd" also
noted frequent involvement in this area, including
submandibular structures and macroglossia. Surgi
cal excision of small deposits of localized arnyloido-

sis or even partial glossectomy may improve patient
comfort, cosmetic appearance, deglutition, or res

piration. When not totally excised, localized depos
its may recur. Such deposits may develop in contig
uous structures, as occurred in one of our patients
over a 14-year period (Table 3). On occasion, in
volvement may be so extensive as to preclude surgi
cal treatment.

Larynx. As noted previously, 19
a high percentage

of localized amyloidosis presents in the larynx (Fig
3). In 1919, New defined two types of laryngeal in
volvement with amyloid: diffuse subepithelial de
position and discrete tumor nodules.:" Both types
can be treated surgically by endoscopic resection
with excellent results and little likelihood of recur

rence.:" An interesting form of localized amyloido
sis associated with a deposit on the glans penis was

described by Keen and Weitzner. 25

Lower Respiratory Tract. As in the other sites de
scribed above, localized amyloidosis in the respira
tory tract is relatively rare, having been described
less frequently than laryngeal involvement but
more frequently than at other sites. In 1978,
Rubinow et al could only identify 76 reported 'cases
of localized amyloidosis of the lower respiratory
tract. 13 The youngest age of reported involvement is
16 years;" Prowse'" classified lower respiratory
tract localized amyloidosis into three categories.
Category 1 was silent, asymptomatic (except for

possible hemoptysis), being revealed by x-ray evi
dence of one or more circumscribed lesions. Cate

gory 2 involved multiple nodules in the tracheo
bronchial tree without diffuse involvement of the

pulmonary parenchyma with respiratory symp
toms. Category 3 included diffuse infiltration of the
tracheobronchial tree, which represented the lar

gest group with the most clinically severe symptoms
including obstructive pneumonias and respiratory
failure. Rubinow et aP3 combined the Prowse classi
fication system with one devised by Briggs" to create
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Fig 2. Macroglossia in systemic amyloidosis.

their own classification: tracheobronchial amyloi
dosis, nodular pulmonary amyloidosis, and diffuse

pulmonary amyloidosis. Most cases fit into the first
two classifications. Rubinow et al could identify
only four cases of diffuse pulmonary amyloidosis,
including one patient in our series. Isolated single
amyloid deposits in the tracheobronchial tree are

also extremely rare, only four cases having been iden
tified by Deodhare and Dasgupta prior to 1975.28

Diffuse pulmonary amyloidosis has a grave prog
nosis with all patients including the one in this series

showing an inexorable progression to respiratory
failure and death. The prognosis for other forms of
localized amyloidosis in the lower respiratory tract
is better, although 17 of the 76 cases reviewed by
Rubinow et al13 died, 12 of respiratory complica
tions, three of hemorrhage after resection, and two
of incidental disease.

Localized amyloidosis in the respiratory tract

presents with a variety of symptoms including dysp
nea, cough, hemoptosis, rales, rhonchi, stridor, and
hoarseness. Obstructive pneumonias and atelectasis
are frequent.

Past management has included endoscopic exci
sion of amyloid tumor, thoracotomy, and even radi
ation therapy. 29 Spontaneous regression of diffuse
tracheobronchial amyloidosis has been described ;"
but the frequency of this occurrence is difficult to

ascertain in such a rare disease.

Endoscopic excision of amyloid nodules can be

performed piecemeal using forceps, but fatal hem

orrhage can occur in both systemic and localized

amyloidosis." For this reason, bronchoscopic laser
excision seems to offer a distinct advantage. In eight
C02 laser bronchoscopic resections, no significant
bleeding has been encountered. Given the multiple
sites of involvement, diffuse infiltration of amyloid
deposits, and the necessity of immediately opening
the airway and relieving obstructive pneumonia,

Fig 3. Localized amyloidosis of larynx. Arrow - infiltra
tion of right vocal fold.

the carbon dioxide laser may have possibly signifi
cant advantages over the neodymium-YAG laser in
the management of lower respiratory tract localized

amyloidosis. Future uses for the latter laser may be
come apparent in the future in this disease, possibly
in combination with the C02 laser.

It has appeared to us that sites of localized amy
loid deposits have not shown evidence of recurrence

if completely excised with the C02 laser. This obser
vation may be proved incorrect in the future. Ob

viously in a disease of great rarity and slow progres
sion where spontaneous regression can occur, any
new technique may show promise which later fails
to be realized.

SUMMARY

Localized amyloidosis is characterized by the de
position of amyloid fibers in a particular site or or

gan system in the absence of systemic involvement
and deposition. The best method of establishing the
absence of systemic involvement is the AF biopsy
stained with Congo red dye and examined with po
larized light microscopy. The absence of amyloid is

strong evidence of the absence of systemic involve
ment.

Localized amyloidosis is a rare condition which
may present in structures of the head and neck and
upper aerodigestive and lower respiratory tracts.

Symptoms and findings are similar to those of other
mass lesions in these areas.

Following proper diagnosis and evaluation, ef
fective treatment, especially surgical, can markedly
improve the patients' quality of life and prolong
survival.

While rare, this disease should be recognized, un

derstood, evaluated, and properly treated by the
otolaryngologist-head and neck surgeon.
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THE CALDWELL-LUC OPERATION REVISITED

C. THOMAS YARINGTON, MD

SEATTLE, WASHINGTON

The controversy concerning the indications for intranasal antrostomy versus the Caldwell-Luc operation has been debated for many
years. Arguments against the Caldwell-Luc procedure are primarily based upon morbidity of the procedure, while arguments against
nasal antrostomy point to inadequate access, exposure, and failure to eradicate disease. This presentation reviews the literature and the
author's experience with over 270 Caldwell-Luc procedures. Some technical considerations that have produced good results are suggested.
The exact indications for nasal antrostomy remain unclear.

The author investigated the intranasal antral
window procedure and the modified Caldwell-Luc

procedure incorporating antral windows in the

management of maxillary sinusitis. This work is
based upon selected citations from the literature by
a wide variety of prominent otolaryngologists, a de
tailed evaluation of the results of over 270 opera
tions he performed in the past 6 years, and the
author's inherent prejudices arrived at over 20 years
of practice during which he made a change in the
choice of procedures.

HISTORY

Intranasal antrostomy was devised by Mikulitz in
1886 and modified by Krause and Siebernmann as a

middle meatus antrostomy. As reported by Sogg,l
good results were expected of this procedure in the
preantibiotic era. Hempstead reported 97 % good
results, although criteria were lacking and many
cases were revisions. In 1889 Bryan," in a classic ar

ticle recently reviewed by Bailey, 3 reported upon
the need for surgical drainage of empyema of the
maxillary antrum and the results of this procedure
in several cases. Shortly thereafter, as reported by
Macbeth," the Caldwell-Luc operation was described
by Caldwell in 1893, Sprier in 1894, and Luc in
1897. Heath, in 1889, and Robertson, in 1892, had
both used a canine fossa approach to the antrum,
but had not incorporated an antral window procedure.

Since the original description of the inferior mea

tus antral window, and the Caldwell-Luc canine
fossa approach to the maxillary antrum incor

porating an antral window in the inferior meatus
for drainage, a variety of modifications have been
described. These include the physiologic maxillary
antrostomy of Sanderson," incorporating a muco

periosteal flap in the canine fossa with a long-term
indwelling catheter in the middle meatus; intra
nasal antrostomies done through the middle meatus

and/or inferior meatus, incorporating a variety of
inserted drainage devices; and endoscopy of the

maxillary sinus with fiberoptic or direct vision en

doscopes, often followed by the insertion of drains.

In addition to the formation of a hopefully per
manent drainage site for the maxillary antrum via
the middle meatus, with or without surgical explor
ation via the canine fossa, a variety of irrigation
procedures have been devised for temporary drain
age of the antrum. Hitter" has reviewed these in de
tail, indicating the clear advantages of the canine
fossa route for irrigation over that of the inferior
meatus or natural ostia.

THE CONTROVERSY

After almost 100 years a controversy remains con

cerning the primary procedure for surgical resolu
tion of inflammatory disease in the maxillary an

trum. Clearly the requirement for surgical drainage
in those patients not responding to medical therapy
is recognized. Unfortunately, a great number of pa
tients treated for sinusitis in the United States today
are treated without the benefit of definitive
diagnosis, x-ray studies, or bacteriologic evalua
tion. It has been demonstrated by Brook" that the
maxillary sinuses do maintain a normal flora in

cluding anaerobic and aerobic bacteria in over 50 o/q
of "normal" patients, and that the bacteriology of
noninflamed sinuses conforms to the flora found in
diseased patients. Axelsson and Brorson" have
demonstrated that bacteriologic correlation be
tween the nose and sinuses in patients with sinusitis
is poor, approximately 65% at best. They also con

firmed that the normal flora in healthy patients
contained pathogens, and that nasal contamination
of sinus flora was routine in diseased patients with
pneumococci, Hemophilus injluenzae, and staphy
lococci, the most common contaminating organ
isms.

It seems clear, therefore, that bacteriologic eval
uations in patients with sinusitis are subject to con

siderable error; that therapy, therefore, must de-
From the Section of Otolaryngology, Plastic and Reconstructive Surgery, The Mason Clinic, Seattle.

Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 5-6, 1984.

REPRINTS - C. Thomas Yarington, Jr, MD, The Mason Clinic, Section of Otolaryngology, Plastic and Reconstructive Surgery, 1100 Ninth Ave, PO Box
900, Seattle, WA 98111-0900.

110



Yarington, Calduiell-Luc Operation

pend upon antibiotic treatment with broad spec
trum antibiotics; and that drainage must be assured
by medical or surgical means according to the clini
cal course. As Eiche19-11 has shown, in cases where a

clear-cut diagnosis has been established and appro
priate therapy instituted, in over 50 % of patients
with sinusitis, the problem is resolved with conser

vative treatment. The controversy that exists, there
fore, concerns indications for surgical treatment
and selection of the proper method to achieve surgi
cal drainage and resolution of disease.

There seems to be relatively universal agreement
in two areas. The first is that those who believe, as

Sogg,1 that a well-done nasal antrostomy performed
for the right reasons should yield good results (55 of
87 cases') , and those patients demonstrating irre

versibly diseased mucosa present an indication for
the Caldwell-Luc procedure. The second area of
agreement is that children deserve the most conser

vative form of surgery, a thesis elaborated by Dix
on

12 in his description of a microscopic intranasal
antrostomy approach in the pediatric patient.

Several discussions have been published on the in
dications and benefits of the nasal antral window

procedure versus the classic Caldwell-Luc proce
dure. Comments of approximately 50 different au

thors in the collected letters of the International

Correspondence Society of Otolaryngologists and
Ophthalmologists were reviewed. 13 In a discussion
of the benefit of nasal antral windows, Missal, Nor

man, Isenogle, Pearson, and Mitchell preferred an

tral windows as an initial procedure with Caldwell
Luc procedures reserved for those cases in which the
mucous membrane was found to be irreversibly dis
eased. Rupp, Pang, Pulliam, Guggenheim, Nick
man, McNalis, Pfeiffer, Barelli, and Kirchick pre
ferred Caldwell-Luc procedures and regarded an

tral windows as worthless, useful only in early dis
ease or acute sinusitis, or in the treatment of chil
dren. In a later discussion about the specific surgi
cal technique in creating an intranasal window, 14

six of 16 authors describing their favorite techniques
indicated that the procedure was unsatisfactory in
their opinion and that they preferred the Caldwell
Luc operation (Bagby, Dietrich, Copeland, Dun

can, Cross, and Beck). One typical response was,
"If you desire to know how to perform a worthless
procedure, this is the way I would do it."

Those authors indicating their satisfaction with
the intranasal antrostomy (Shew, Barnes, Helmess,
Bryant, Higbee, Hall, Davidson, Hara, and Cox)
reported in a few instances their concern over tem

porary or permanent dental anesthesia with the in
tranasal antrostomy, and one author commented
that postoperative anesthesia after the Caldwell
Luc operation was inevitable.

In a discussion primarily devoted to the choice be
tween a Caldwell-Luc procedure or an antral win
dow procedure as a primary surgical approach, 15

III

Smith, Sanderson, Cross, Bitser, Bryant, Gorman,
Gough, Dickey, and Duncan clearly preferred the
Caldwell-Luc procedure. Stahl indicated that both
procedures gave equal results if done correctly,
Burgess performed a Caldwell-Luc if the antros

tomy had not resolved the problem within 3
months, while Barnes preferred prolonged repeated
irrigations prior to any surgery. Those preferring
antral windows as a primary procedure included
Davol, Carey, Callahan, Carpenter, and Dixon. In
his article on microscopic antrostomies, Dixon 12

cited Van Alyea and Boyes as favoring antrostomy
with Sanders, C. K. Miller, McNaught, Ritter, and
MacBeth favoring the Caldwell-Luc procedure.

We are all products of our early education, and
our prejudices are derived from the teachings of our

mentors and our clinical experience. Clearly there
are those who believe that the antral window proce
dure establishes permanent drainage in patients
with sinusitis not responding to medical therapy,
but most agree that in those patients where antral
windows are ineffective or where irreversible dis
ease of the mucoperiosteum of the sinus is en

countered, a Caldwell-Luc procedure is required.
How irreversible disease of the sinus mucosa is iden
tified at the time of intranasal antrostomy is not

well defined in the literature.

Eichel'" has summarized the subject nicely by
pointing out that the advantages of a nasal antral
window are speed, avoidance of complication at the
expense of exposure, and removal of all diseased tis
sue. Both procedures incorporate a permanent
drainage opening as an integral part of the proce
dure, but the opening is more easily created and
seems to remain open longer following the Caldwell
Luc procedure.

The indications for intranasal antrostomy, ac

cording to Eichel,11 are unilateral purulent chronic
maxillary sinusitis or bilateral pansinusitis. All the
indications for the Caldwell-Luc procedure include
antral choanal polyp, suspected neoplasm, dental
origin of sinusitis, chronic sinusitis with anatomic

problems, drainage for radiation therapy, or ap
proach for other procedures. Despite his recogni
tion of the pros and cons existing for the two proce
dures, a Caldwell-Luc operation was used in all
operated cases for maxillary sinus disease in Eichel's
series with no nasal antrostomies utilized as a sole
procedure.

Significant problems have been identified in rec

ognizing universally acceptable indications for
nasal antral windows or the Caldwell-Luc proce
dure. It is generally accepted by those favoring
nasal antral windows that the procedure is easier,
less traumatic, cheaper, and less subject to compli
cations (primarily anesthesia of the teeth or cheek)
than the Caldwell-Luc procedure. Those favoring
the Caldwell-Luc procedure generally agree that
the nasal antral window procedure is effective only



112 Yarington, Calduiell-Luc Operation

COMPLICATIONS IN 271 CALDWELL-LUC PROCEDURESupon those patients who could be expected to re

solve with adequate medical therapy (those without
irreversibly diseased mucosa) and that access to the
antrum and the ability to inspect, diagnose, and re

move diseased tissue justifies the Caldwell-Luc pro
cedure. As Eichel points out, the terms acute, sub
acute, and chronic when applied to sinusitis are

lacking in definition, and as Dolan and Smoker!" in

dicate, x-ray evaluation of the paranasal sinuses are

frequently open to wide interpretation, and the
need for clinical correlation of radiologic studies is

significant. Thus objective indications for one pro
cedure over the other are not easily perceived.

Over the past 20 years the author has utilized in
tranasal antrostomy as a means of establishing per
manent drainage in those cases of maxillary sinusitis
not responding to appropriate medical therapy. In
the early years, antral irrigation was used re

peatedly in conjunction with medical therapy in
those patients who were slow to respond. Over a

period of 10 years, it became apparent that re

peated antral irrigations could not be evaluated in
terms of beneficial effects; they were occasionally
useful in establishing drainage, but usually at con

siderable discomfort to the patient. In the majority
of patients the benefit of antral irrigations was not

measurable, but they did serve to lessen the credi

bility of follow-up radiographic studies.

The numbers of patients who required Caldwell
Luc procedures subsequently was such that the pri
mary benefit of the nasal antral window, other than

providing transient relief to the patient and eco

nomic support to the surgeon, was obscure. In the

past 10 to 12 years of primary referral practice, the
author has used the Caldwell-Luc procedure as the

primary surgical approach in those patients pre
senting with maxillary sinusitis refractory to ade
quate medical treatment, including those patients
who demonstrate increasing symptoms or complica
tions while under medical care.

Recognizing that the primary objection to the
utilization of the Caldwell-Luc procedure is fear of
untoward complications, principally anesthesia of
the cheek or teeth, the author reviewed in some de
tail the results of 271 consecutive cases operated
upon over a 6-year period.

MATERIALS AND METHODS

From 1977 to 1983, 431 Caldwell-Luc operations
were performed on 291 patients (271 performed by
the author, the remainder by his partners). Of the
271 operations, 127 consecutive cases (70 patients)
performed in the 1977 to 1979 period were indepen
dently evaluated by another physician through
chart review and personal contact with the pa
tients. The follow-up varied between a minimum of
6 months in 33 % of the patients to over 2 years in
10 % of the patients with an average of 1 to 11/2
years. Pathology reports on tissue removed at sur-

Postoperative anesthesia *

Devitalized teeth

Postoperative bleeding*
Postoperative ethmoiditis"
Acute otitis media *

Pulmonary atelectasis *

Total
* All responded to conservative therapy.

2

2

1

8 (3%)

gery were available in over 80 % of cases with cystic
degeneration with acute and chronic inflammation
as the most frequent diagnosis, followed closely by
polypoid sinusitis with macroabscesses and micro
abscesses. Antibiotics were utilized intraoperatively
or postoperatively in only 33 % of cases, using essen

tially the same criteria as with chronic ear surgery
or the surgery of facial trauma.

RESULTS

In a series of 127 consecutive Caldwell-Luc pro
cedures on 70 patients;" there was only one in
stance of anesthesia of the cheek or infraorbital
nerve, and this resolved within 2 weeks. Complica
tions (Table) included acute ethymoiditis in two pa
tients, acute otitis media in one patient, pulmonary
atelectasis in one patient, and all of these resolved
with conservative therapy not requiring additional
hospitalization. The single complication reported
most frequently was facial swelling immediately
postoperative; this was noted in the chart or by pa
tient recollection in 33 % of cases and subsided
rapidly following removal of antral drains 48 hours
postoperatively. In one patient it was noted to have
lasted for approximately 2 weeks. Only 2 % of pa
tients noted recurrence of symptoms or objective
evidence of sinusitis. These patients, however, re

sponded to conservative medical therapy. Recur
rence of some preoperative symptoms occurred in
10 % of cases, the predominant symptom consisting
of nasal congestion without evidence of sinusitis. No
correlation existed between. the use of antibiotics
postoperatively and the presence of complications
or postoperative or recurrent infections.

In several patients with aspirin triad disease,
nasal congestion was secondary to recurrent nasal
polyposis. Persistent nasal congestion, however,
was not related to the use or nonuse of antibiotics,'
facial swelling, or the reported pathological condi
tion. In 30 % of the patients, upon careful question
ing, the recurrence of some nasal congestion was re

ported, but these symptoms were universally re

sponsive to oral decongestants.
In addition to the 127 consecutive cases reviewed

in detail, the remaining 144 Caldwell-Luc proce
dures were reviewed by chart. As the majority of
these patients were followed by other physicians
within the same medical center for their primary
and tertiary medical care, follow-up was thought to

be relatively accurate. In only one case was post-
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operative anesthesia of the cheek identified and that
case had delayed onset with intervening periodontal
and root canal therapy performed on both the oper
ated and unoperated sides. Two patients subse

quently had root canal therapy in the operated
area, but one of these required several root canal

procedures outside the area of surgery.

Using Macbeth's criteria," the success rate in

these cases was over 90 % with the major source of
failure in those patients with recurrent nasal poly
posis. In Macbeth's report on 360 patients, 88 %

good results were achieved as compared with the

previously cited 57 % success rate of Sogg" utilizing
nasal antrostomy.

DISCUSSION

The author's group practice relationship with
over 50 specialists in internal medicine, including
five in allergy and immunology, as well as a signifi
cant referral base in the area of head and neck sur

gery, creates an opportunity for evaluation of a

large number of patients with recurrent or chronic
sinusitis not responding to normally adequate con

servative measures. Despite this, the majority of pa
tients initially seen for sinusitis do respond to ag
gressive medical management utilizing appropriate
broad spectrum antibiotics, decongestant therapy,
humidification, and occasionaly steroid therapy.
Thorough medical evaluation, radiologic evalua
tion and follow-up, and concern for allergy and as

pirin triad disease are an inherent part in the man

agement of these patients and will not be dealt with
in detail at this time.

Indications for surgery, for the most part, in
cluded patients with worsening symptoms or the de

velopment of complications of sinusitis in the face of

aggressive medical management, clinical and x-ray
evidence of nasal and antral polyposis, worsening
symptoms in the face of appropriate medical man

agement, and unilateral mass lesions without signi
ficant symptoms suggesting possible neoplasia, or

progressive disease evidenced on serial radiologic
studies. Of interest is the fact that of four cases of

diagnosed malignancy, only two occurred in pa
tients with unilateral disease suspicious of a malig
nant process, while two others were found unexpec

tedly in patients with bilateral inflammatory dis
ease with an unexpected malignant process on one

side.

These results tend to corroborate the author's

prejudice toward Caldwell-Luc as the surgical pro
cedure of choice in eradicating disease from the

maxillary antrum in those patients who have not re

sponded to appropriate aggressive medical therapy.
The concerns so frequently voiced with regard to

complications following this procedure have not

been borne out.

An investigation into the technique of the
Caldwell-Luc procedure as performed by the au-
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Caldwell-Luc operation. A) Triangular tissue flap elevated

superior-laterally exposing anterior face of maxilla. B)
Relatively small opening for access to sinus providing ade

quate exposure for inspection and removal of disease.

thor may provide some explanation for the lack of

expected complications. Macbeth" describes his
modification of the Caldwell-Luc procedure as fol
lows. A semilunar incision with a cavity upward is
created over the canine fossa and a cutting dental
burr is used to open the canine fossa. The nerve is
avoided and not specifically exposed. The nasal an

tral window is effective, in his opinion, only when
no operation is needed; such windows cause dam

age to the mucosa and disrupt normal ciliary drain

age in the experimental animal.

The author uses a modification of the MacBeth

procedure (Figure) originally learned from Frazer

(personal communication). A vertical incision is
made over the canine fossa and the mucoperiosteum
is elevated laterally prior to making an L-shaped in

cision with the lower horizontal limb from medial'
to lateral, creating a triangular flap of mucosa, sub
mucosal tissue, and periosteum. An Army-Navy
type retractor is easily inserted under this flap, re

tracting upward and laterally to avoid direct trau

ma to the infraorbital nerve, which is specifically
avoided in the dissection to prevent trauma or

superior retraction and partial avulsion inherent in
direct exposure of the nerve. The antrum is opened
with an air-driven cutting burr, avoiding the
traumatic eggshell fractures (usually involving the
infraorbital nerve with associated anesthesia) which
would seem to be the natural sequelae of opening
the antrum with a hammer and chisel, or the
trauma of a rongeur or Kerrison biting forcep. An

adequate opening can be made in the canine fossa
without disturbing the dental structures or coming
too close to the infraorbital nerve, and by direct in

spection the antrum can be exenterated of disease or

the diseased area selectively removed.

A nasal antrostomy is again performed in the in
ferior meatus using the drill inserted into the an

trum where the bone is removed and an inferiorly
based flap of nasal mucosa created and rotated into
the antrum at the approximate level of the floor of
the antrum. Nontraumatic packing is utilized in the
form of a 2.5-cm (I-in) rubber Penrose drain in-
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serted through the inferior meatus window into the cant value, an opacified antrum in the absence of
antrum, usually soaked with a water soluble antibi- good clinical datal? is not a particularly valuable
otic ointment. A soft rolled Telfa pad is used as an tool. It is the author's practice to rely heavily on

anterior nasal pack and the canine fossa incision serial radiologic studies closely correlated with clin-
closed with interrupted absorbable sutures. The ical data, and at the present our clinical colleagues
nasal pack is removed in 24 hours and the antral are engaged in a combined study with our radiolo-
drain in 48 hours. gists to determine those clinical criteria that best

correlate with specific radiologic findings in disease
of the paranasal sinuses. At this point there seems no

clear-cut mechanism for identification of "irrevers
ibly diseased antral mucosa" that is any better than
our indications for the Caldwell-Luc procedure: the
patient who presents with clinical and radiologic
evidence of failure to resolve the inflammatory pro
cess in the face of repeated aggressive medical ther
apy or the patient who in fact becomes worse or de
velops complication in the face of this treatment.

On the basis of experience, evaluation of that ex

perience, and a review of the literature, it is the au

thor's conclusion that when a surgical procedure is
deemed necessary in attempts to resolve inflamma
tory disease of the maxillary antrum, the Caldwell
Luc operation offers a mechanism for adequate in

spection of the antrum, the best opportunity to

achieve permanent drainage with a large nasal an

tral window, and the opportunity to remove dis
eased mucosa rather than to simply sample it. It
was initially thought that a cadaver study could be

accomplished to 'prove that surgical exposure of the
maxillary antrum was more adequate and the op
portunity to cleanly eradicate disease more avail
able with a Caldwell-Luc than with the nasal antral
window procedure. Early observations demon
strated that these facts were so self-evident that the
time and effort for photography, dissection, and ex

position would be redundant.

This study indicates that the Caldwell-Luc is a

safe procedure with minimal morbidity, and if per
formed as described, the advantages far outweigh
the disadvantages. There remain, however, several
unanswered questions. A present study is being car

ried out in an attempt to correlate x-ray findings
with clinical studies. At present, the opacified an

trum is often an enigma where the clinical course of
the patient, response to therapy, and diagnostic in
tuition are of more value than a single x-ray study.
While a negative or normal sinus series is of signifi-

CONCLUSION

The Caldwell-Luc operation in the author's
hands has been a safe and effective operation with
absence of the frequently cited complications and
with a success rate of over 90 %. This operation is

preferred over the nasal antrostomy as a primary
procedure due to the opportunity for better visuali
zation of the antral disease, removal of all diseased
tissue, and creation of an antral window with a rea

sonable expectation of permanent drainage. The
modifications of technique are thought responsible
for the avoidance of the complication of anesthesia,
due to the reasons noted. While intranasal antros

tomy still has many proponents, experience and the
literature suggest that those patients with irrevers
ible disease ultimately benefit from a Caldwell-Luc
procedure, while those patients with reversible dis
ease might very well require only conservative ther
apy. The role for the intranasal antrostomy as a pri
mary procedure, therefore, is unclear.
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Attempts to arrive at the best means of management for advanced supraglottic carcinoma continue to be controversial. Surgery alone,
radiotherapy alone with surgery only for salvage, and/or planned radiotherapy and surgery continue to have their strong proponents. More

recently, even planned, combined therapy has been subject to disagreement about the relative value of preoperative versus postoperative
radiotherapy. Because of early reports of satisfactory results and the relative lack of impact on the necessary surgery, postoperative
radiotherapy has had the wider support. Nevertheless, the best reported long-term survival statistics in carcinoma of the larynx were in a

study that used high dose preoperative radiotherapy and total laryngectomy. Most studies have suffered from the need to incorporate
several different institutions and multiple surgeons and radiotherapists in order to achieve numbers of sufficient magnitude to warrant

evaluation. The built-in biases and statistical pitfalls of such multiinstitutional studies are well known and documented. From 1975

through 1981, 84 patients with squamous cell carcinoma of the supraglottic larynx were seen and managed by the Department of

Otolaryngology and Communicative Disorders in conjunction with the Department of Radiotherapy at the Cleveland Clinic Foundation.
A prospective protocol of high dose preoperative radiotherapy for lesions beyond stage I was carried out uniformly except in patients who
refused combined treatment or were deemed medically unsuitable. All patients in this series were previously untreated. All patients were

evaluated jointly by the otolaryngology and radiation therapy departments so that patients could be staged appropriately and a treatment

protocol agreed to. At least a 3-year follow-up has been recorded for all patients in this series. Three-year survival was approximately 70 % ,

taking all stages and degree of nodal involvement as a group. We conclude that high dose preoperative radiotherapy with definitive surgery
remains the most promising plan of treatment for high risk and advanced carcinomas of the supraglottic larynx.

INTRODUCTION AND BACKGROUND

Carcinoma of the larynx continues to be a signifi
cant source of morbidity and mortality in the United
States. With increased smoking among women, can

cer of the larynx in this group has risen so that the
incidence after menopause is almost identical with
that in men. Although the percentage of adults in

the United States who smoke has dropped in the last
10 years, the total number of people who smoke has
increased with the population. As a result, the inci

dence of carcinoma of the larynx is distressingly
high and is rising in absolute numbers.

Controversy regarding best management of carci

noma of the larynx also continues. There is little dis

agreement about treatment for early lesions such as

T1NOMO glottic carcinoma, since the survival rates

are good by both accepted means of treatment. A
search continues for a better therapeutic approach
in more advanced cases and particularly in carcino
ma of the supraglottic larynx, since overall 5-year
survival rates are not nearly as good as those .for
glottic lesions. The general alternatives for treat

ment include 1) radiotherapy for cure with surgery
for salvage only, 2) surgery for cure with either

radiotherapy or secondary surgery for salvage, and

3) combined, planned radiation and surgery.

Within this last group there are two approaches:
high dose preoperative radiotherapy and postopera
tive radiotherapy. In recent years there has been in

creasing interest in the latter. 1-4 Postoperative radi

otherapy in combination with surgery for carci
noma of the larynx differs in many ways from pre
operative radiotherapy followed by surgery. Both

approaches seek to take advantage of the peculiar
benefits of each of the two treatment modalities.
Radiation tends to be most active against tumor

that is well-oxygenated and rapidly metabolizing.
For this reason it is generally more effective against
the tumor at the periphery of a lesion and against
microscopic foci than it is against large, bulky le
sions in which the center of the tumor may well be

hypoxic. Conversely, surgery is most effective at

eradicating the obvious large bulk of tumor and, if
it fails to control local disease, usually does so be
cause of residual microscopic nests or extensions of
tumor at the periphery that were not appreciated
and which were not accounted for by frozen section

margin control. It is apparent that if these two

modalities can be combined in some effective way,
each will tend to maximize the advantages of the

other, and overall cure rates should be better than

by either method alone. Many statistical studies

support this concept."
From the Departments of Otolaryngology and Communicative Disorders (Tucker, Levine, Wood, Lavertu) and Radiotherapy (Thomas), The Cleveland

Clinic Foundation.
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A B c

A) Standard supraglottic laryngectomy with possible addition of hyoid bone (dark shading) depending upon involvement or nonin
volvement of preepiglottic space. B) Extended supraglottic laryngectomy. Some or all of posterior one third of tongue may be
resected up to line of circumvallate papillae. C) Partial laryngopharyngectomy differs from simple supraglottic laryngectomy by ad
dition of resection of involved arytenoid and pyriform sinus. Procedure may be extended to include as much as 50 % of adjacent
posterior pharyngeal wall if necessary.

Chemotherapy, in which interest has expanded
greatly in the last several years, has been most effec
tive against nonepithelial tumors. Recent studies in
its use as an adjunct and in combination with radio
therapy and surgery in cancer of the head and neck
suggest that chemotherapeutic agents which can

materially affect long-term survival have not yet
been developed.v"

Single .institutions evaluating the various ap
proaches to management of cancer of the larynx
have often found it difficult to accumulate signifi
cant numbers of cases within a reasonable period of
time. For this reason, the majority of studies re

ported in the literature are multiinstitutional. The
drawbacks to such studies have been discussed ex

tensively in the literature and are well documented.
If it were possible to accumulate significant num

bers of cancers of the supraglottic larynx within a

reasonable period of time, treated in a prospective
protocol by a limited group of surgeons and radio
therapists, many of these difficulties could be avoided,
and the results might have greater credibility than
those from multiinstitutional studies. To this end,
the Department of Otolaryngology and Communi
cative Disorders and of Radiotherapy of the Cleve
land Clinic Foundation began a prospective study
for management of carcinoma of the supraglottic
larynx in 1975.

MATERIALS AND METHODS
All patients presenting with untreated carcinoma of the supra

glottic larynx were entered into the study. No previous interven
tion other than biopsy was acceptable. All patients were seen

jointly by at least one member of each department, although in
most cases several members were involved in treatment planning.
Tumor maps were prepared and the cases were staged according
to the classification of the American Joint Committee on Cancer. 9

Patients were then subjected to direct laryngoscopy, bronchosco
py, and esophagoscopy to identify exact extent of disease and to

rule out intercurrent lesions elsewhere in the upper aerodigestive
tract. After thorough examination, biopsies were obtained, and a

revised tumor map was prepared. All patients were then submitted
to high dose preoperative radiotherapy, including approximately
5,500 rad to the primary site and 4,500 rad to both necks. After a

waiting period equal to the number of weeks required to deliver
the radiotherapy, definitive surgical procedures were carried out:
a standard supraglottic laryngectomy where the lesion permitted,
extended supraglottic laryngectomy, or partial laryngopharyn
gectomy where involvement of the base of the tongue or pyriform
sinus was noted preoperatively, and total laryngectomy in those
cases that required it. All patients with T3 or T4 disease received
a neck dissection regardless of the presence or absence of nodes be
fore radiation therapy. Radical neck dissection was also carried
out in all patients who had palpable nodes, regardless of whether
or not the nodes seemed to disappear after radiotherapy.

Standard supraglottic laryngectomy is defined as resection of
the upper 50 % of the thyroid cartilage in conjunction with the
false vocal cords, epiglottis, and preepiglottic space (Figure, A).
The vocal cords themselves and bodies of the arytenoids are left
intact. The decision to resect or not to resect the hyoid bone was

made based upon the location and size of the original lesion and
also on radiologic findings. Extended supraglottic laryngectomy
(Figure, B) is defined as supraglottic laryngectomy in conjunction
with removal of more than a small cuff of the base of the tongue,
up to and including as much as the entire posterior third of the

tongue. Partial laryngopharyngectomy (Figure, C) is defined as

supraglottic laryngectomy in conjunction with removal of one

arytenoid with up to 50 % of the adjacent pharyngeal circum
ference. Total laryngectomy was performed for lesions that could
not be adequately resected with subtotal laryngectomy or because
of other physical or medical considerations that precluded a rea

sonable chance for success in reestablishing deglutition, speech,
and adequate airway.

Radiotherapy was administered and controlled entirely by
members of the Department of Radiation Therapy. The field

planning and dosage schedule was rigidly controlled and virtually
identical for all practitioners involved.

Surgery was performed by or under the immediate supervision
of the three head and neck surgeons (HMT, HL, BCW). Preoper
ative evaluation, tumor mapping, and ultimate surgical tech

nique were agreed to and kept consistent by all three surgeons.

Follow-up was obtained by the surgical and radiotherapy
members in parallel. Each patient was seen separately by one
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TABLE 1. TNM CLASSIFICATION9

NO Nl N2 N3 Total

T2 25 9 5 4 43

T3 12 2 2 3 19

T4 10 3 1 4 18

Total 47 14 8 11 80

member of both departments on the same day at each monthly
follow-up visit for 6 months following definitive surgery, every 2

months for the next 6 months, every 3 months during the second

year, and every 4 months for 3 years. Chart evaluation and statis

tical analysis were carried out by a member of the Department of
Biostatistics without direct consultation with any of the surgical
or radiotherapy physicians.

A total of 84 patients were seen between January 1975 and De

cember 1981. Approximately one third of the patients were

treated by each of the three surgeons involved in the study. There

were 59 men and 25 women; 77 patients were white and seven

were black. Sixty-five of these patients reported smoking more

than five cigarettes a day for at least 1 year, and 19 were non

smokers. A minimum of 36 months follow-up is available on all

patients finally evaluated.

RESULTS

Tables 1 and 2 provide the staging information
for 80 patients. Four patients originally included in

the study were deleted because of lack of follow-up
or because of intercurrent treatment obtained else
where which no longer allowed them to be evalu
ated according to the criteria of the study.

Table 2 demonstrates that patients were fairly
evenly distributed between stages II and III but
that there were a larger number (40 %) in stage IV.

Although a number of stage I patients were seen

during the study, these were not included, since
treatment by either radiotherapy or partial laryn
gectomy alone is usually adequate for such early
lesions.

The overall survival rates for the entire group of
80 patients (100 %) were evaluated. At 36 months

follow-up, 39 patients were alive and well with no

evidence of disease; 16 patients died beyond 36
months of other causes, but with no evidence of dis
ease. Twenty-two patients were dead of disease and
three were alive, but known to have recurrent dis
ease. Thus, an actual 3-year survival without recur

rent disease was present in 55 patients (68.8 %).
Failures therefore, comprised 31.2 % at 36 months.

DISCUSSION

Although such demographic factors as type of

surgery performed, presence or absence of nodal
disease, and sites of recurrence are of interest and

importance, this report demonstrates that preoper
ative radiotherapy combined with definitive sur

gery still provides gratifyingly high survival rates

when applied under carefully controlled circum
stances. These other factors, therefore, will be the

subject of a more detailed subsequent report.

Goldman et al '? reported a 14-year study evaluat

ing high dosage preoperative radiation and surgery
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TABLE 2. STAGING9

Stage No. ot Patients

I TlNOMO 0

II T2NOMO 25 (31.2% )
III T3NOMO 23 (28.8%)

Tl,T2,T3NIMO
IV T4NO,NIMO 32 (40%)

Any T;N2,N3MO
Total 80 (100%)
for carcinoma of the larynx. Although it included
other types of laryngeal cancer than those we re

port, this landmark study showed an overall 3-year
survival rate of 77 %. Since that time no one has
achieved such good results. In a study limited to

preoperative radiation therapy and surgery for car

cinoma of the supraglottis and pyriform sinus,
Wang et al" reported an overall 3-year survival of
58 %. This group, however, included ten patients
with T1 supraglottic carcinoma with a 3-year sur

vivorship of 90 %. If this latter group is deleted
from Wang's series, as it was from that reported in

our paper, his 3-year survival rate drops to 56 % .

Although the results reported in the present study
are not as good as those of Goldman et al, they are

limited to stages II, III, and IV supraglottic carci

noma, whereas his included significant numbers of

glottic cancer which have a better prognosis with
radiation and surgery than do most supraglottic le
sions. Wang's results, on the other hand, are signifi
cantly poorer than ours.

Goepfort et al" reported 69 % 3-year survival in a

group of supraglottic carcinoma cases similar to

ours, using postoperative radiotherapy after defini
tive surgery appropriate to the lesion; however, it

should be noted that 12 patients were not included
because they never received postoperative radia
tion. This was due to major complications in eight
which prevented them from receiving postoperative
radiotherapy within prescribed periods of time and
other reasons in the remaining four patients. This

finding illustrates one of the important drawbacks
to postoperative radiotherapy as opposed to preop
erative radiotherapy. In the latter approach, once

radiotherapy is completed and surgery is under
taken, even if there is a major wound complication
that prevents healing for days, weeks, or even

months, the treatment for the cancer is already
completed. Thus, the delay in no way affects the

potential for cure, although it may result in pro
longed hospitalization. Snow et al ' comparing pre
operative versus postoperative radiotherapy for
similar lesions, showed an almost identical inci
dence of complications with the two modalities (al
though the number was slightly worse in the post
operative irradiation group). Serious complications
were practically identical. Even if it were true that

potential cure rate was approximately the same for

preoperative radiotherapy and definitive surgery
versus postoperative radiotherapy, these findings
would suggest that preoperative radiotherapy has
certain advantages.
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In attempting to analyze results of studies of this

type, one is always faced with the difficulty of ob

taining suitable controls. Clearly, the ideal situa
tion would be a single institutional study in which

groups of patients matched by disease, stage, age,
and other factors were treated by surgery alone,
radiation alone, combined treatment, and perhaps
with the addition of chemotherapy as a fourth arm.

If sufficient numbers could be obtained within one

institution within a reasonable period of time, then

appropriate controls would be available. Realistic

ally, this is seldom possible. The alternative, which
is to try to do similar studies in multiinstitutional

settings, carries with it its own set of difficulties,
more often than not rendering the data highly sus

pect. The major advantage in this study has been our

ability to tightly control the radiation and surgery
protocol within a single institution, forcing us to ex

amine our results as compared to historical controls.

One difficulty encountered in attempting to uti
lize historical controls is the variability of types of
tumors included in the overall statistics from one

study to another. In selecting other series for com

parison, we deleted those patients with lesions that
were not included in our study (for example, Tl su

praglottic lesions). Therefore, the statistical results

are at least comparable for similar groups of pa
tients. The literature has established fairly well that
some form of planned combined surgery and radio
therapy for advanced carcinoma of the supraglottic
larynx can be expected to produce significantly bet
ter long-term survival statistics than either radia
tion alone or surgery alone." Whether preoperative
radiotherapy or postoperative radiotherapy is more

advantageous is still subject to question. What data
exist seem to suggest that there is little to choose be
tween the two approaches in terms of survival.
Therefore, the individual surgeon must make his se

lection based on his own preferences and some of
the factors cited above.

CONCLUSION

High dose preoperative radiotherapy and defini
tive surgery for advanced carcinoma of the supra
glottic larynx has resulted in 3-year survival of ap
proximately 69 % . Although not as good as those re

ported by Goldman et al.!" these results compare
favorably with or exceed most other reported studies,
and are superior to radiotherapy alone and surgery
alone. Our findings suggest that preoperative radio
therapy has important advantages over postopera
tive radiotherapy for similar lesions.
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Presented is the first flexible, thin, nontoxic fiber to carry carbon dioxide laser energy. The physical characteristics of this fiber, ex

amples of its use through a fiberoptic bronchoscope, and its features and applications are described.

INTRODUCTION

The carbon dioxide (C02) laser has proven to be
an efficient clinical device for surgical removal of
tissue with minimum thermal necrosis.' The im
mediate superficial absorption of the infrared radi
ant energy and its conversion to heat vaporizes the
tissue, leaving a precise cut with little surrounding
damage. Unlike other thermal instruments such as

the neodymium:YAG laser or monopolar and bipolar
electric coagulators, the C02 laser has virtually no

host tissue response. This provides a significant de

gree of safety and confidence in applications where

larger zones of necrosis would be troublesome or

devastating.
The most serious problem for the clinician in using

the C02 laser is that it cannot be flexibly delivered
to the tissue site. All commercial devices currently
available utilize articulated arms which transmit the

energy from the laser source to the tissue through a

series of hollow tubes and reflecting mirrors. The

path of the laser beam is thus in a straight line and

prevents applications where bends are required.
Due to this limitation, the C02 laser has been limi
ted to direct-line-of-sight applications or applica
tions where access can be obtained through reflec
tions off mirrors.
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We present the first report of a practical nontox

ic, flexible, fiberoptic delivery system for the C02
laser. Our purpose is to detail the specific character
istics of the fiber and to demonstrate its use and ad

vantages as a surgical delivery system. An experi
mental case report and future applications of the
fiber are also discussed.

MATERIALS AND METHODS

The fiber used in this system is made of a nontox

ic, cladded combination of metallic halides (Fuller
Research Corporation, Chicago, Ill). The chemical
and biomechanical characteristics of this fiber are

shown in Fig 1. Two fiber diameters were used,
0.25 mm and 0.50 mm. Both fibers provided suffi
cient flexibility for the endoscopic application for
which this experiment was designed. The first fiber,
Irflex 3.5 cm, was a IA-m cladded fiber with a

diameter of 0.5 mm. The fiber was surrounded by a

flexible epoxy shell to improve the mechanical char
acteristics of the device. The minimum bend radius
is approximately 60 mm. The second fiber, Irflex
3.25 ern, is a I.I-m, 250-ILm cladded fiber; the
minimum bend radius of this device is approximate
ly 30 mm. Both fibers were capable of delivering in
excess of 15 W continuously to the tissue site. Be
cause the laser light passes through a fiber the beam

Irflex 3.5190°)

60 r=

30mm
15·

A

10 15

Power Oul (Walls)
120

c

20 Straight

B Bend Radius (90°)

15· 10· s· s- 10·

Fig 1. Chemical and biomechanical characteristics of fiber. A) Power transmission of an Irflex 3.5-cm fiber (0.5-mm diameter,
cladded). Note straight line relationship of transmission relative to power input. B) Transmissivity as a function of bend radius using
0.5-mm and 0.25 mrn-cladded fibers. There is less loss with bending in smaller fiber. C) Beam distribution as a function of bend
radius. (TA Fuller, personal communication.)
From the Department of Otolaryngology, Sinai Hospital, Detroit.
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Fig 2. Lesions produced by C02 laser. A) Gross specimen of canine larynx showing right vocal cord with laser impactions made
through standard operating microscope. Lesions to left vocal cord were delivered through 0.5-mm cladded fiber. Note deep lesion
produced due to high power density as fiber touches mucosa. Wide lesions were made by pulling fiber away from tissue surface. B)
Lesion at carina delivered through flexible bronchoscope. C) Lesions produced in upper lobe bronchus limited only by ability of
bronchoscope to negotiate and fit these small passages.

is noncoherent but is monochromatic at 10.6 fl. The
beam has an angle' of divergence of 9°. Both fibers
were placed in an appropriately sized catheter with
a zinc selenoid window at the distal end to protect
the fiber from debris resulting from vaporization of
the tissue. The outer diameter of both fibers was less
than 1.25 mm.

The laser used in this study was a 1.0-m laser
head operating in a TEMoo mode. The laser head
was coupled to the fibers through a 20-mm focal
length germanium lens. The fiber was placed in a

standard Olympus model BF bronchoscope for in
sertion. The canine laryngotracheobronchial tree
was used as a model for this study since it closely ap
proximates the human anatomy.

Several lesions were created in the usual fashion
with the C02 laser set for delivery of 10 W at 0.2
seconds' duration and focused through an operating
microscope at a focal length of 400 mm. The fiber
laser delivery system was then used at the same en

ergy setting with the fiber in contact with the tissue.
The result, which can be seen in Fig 2A, is a deep le
sion. extending approximately 3.5 mm. Such re

sponse was anticipated due to the high power densi
ty (4,000 Wzcm") created by a 0.5-mm spot size re

sulting from the fiberoptically delivered laser sys
tem. This is to be compared with the approximately
2.2-mm spot size (225 W/cm2) of the laryngoscopic
delivery system.

A second set of lesions were made with the flexi-

ble bronchoscope at the carina. Here a series of con

tinuous-wave 10-W bursts of power were impacted
on the tissue (Fig 2B).

A third area of photovaporization was produced
as far into the bronchus as the physical dimensions
of the endoscope would permit. These lesions in
cluded the distal segmental orifices, including the
right upper lobe opening (Fig 2C).

RESULTS AND DISCUSSION

Since the first demonstration of the usefulness of
the C02 laser by Strong and J ako in 1972, the surgi
cal C02 laser has proven to be an efficacious tool. 2.3

The midinfrared energy is instantaneously con

verted to heat, vaporizing all fluid-containing ma

terials in its path. The result is a precise surgical le
sion surrounded by a small hemostatic zone.

The traditional delivery systems available for the
C02 laser have relied on articulated arm technology.
Such devices are problematic, resulting in loss of de
livered power, misalignment with aiming sources,
and inability to couple to appropriate endoscopic
delivery systems. Smoke and debris tend to deposit
on reflective optics, causing most heavily used artic
ulated arms to deliver less than 70 % to 75 % of the
laser-delivered power.

Of even greater importance is the direct line of

sight traveled by the beam in its final path to the tis
sue. This type of delivery relies upon the small mo

tion of a micromanipulator joystick to control the'

COMPARISON OF CARBON DIOXIDE LASER FIBEROPTICS

Fuller Research Hughes/American
Corporation Hospital Supply' Horiba Machika Sumitomo

Material Irflex 3 TlBr TlBr NaCI/NaBr

Toxicity Nontoxic Toxic Toxic Nontoxic

Fiber diameter 0.2-0.8 mm 0.6·mm l.0 mm 1.5 mm

System diameter 0.6-l.2 mm 6 mm 10 mm 10 mm

Bend radius 30 mm 15 em 20 cm 20 em

Transmission (per meter) 40% -73 % 25%-55% 55% 61 %

Expected 80% ? ? 80%

Power 20 W 5W 20 W 100 W

Application Endoscopic Articulated arm Articulated arm

Price $200 ? $15,000 ?
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position of the spot size on the tissue. Any interven

ing substance, such as an endotracheal tube or other
tissue, will be impacted by the laser beam. There
have been many reported instances of ignition of
endotracheal tubes and subsequent burns." The

long focal lengths between the micromanipulator
and the tissue result in large spot sizes that can be
detrimental when attempting to excise rather than

simply vaporize areas of tissue. At long focal lengths,
typical in otolaryngology, the aiming light and laser
beams may not be coincident upon the tissue or

along the visual axis. This parallax problem also
leads to inadvertent reflection off instruments (ie,
the laryngoscope) onto wrong tissue or onto flam
mable endotracheal tubes. All of these disadvan

tages are the result of the long distances between the

reflecting mirror and the final target.

What has been needed is a flexible C02 laser sys
tem. Although previous investigators have devel

oped C02 fibers, for one or more reasons they have
failed to produce a clinically useful system (Table).
The flexible fiber described here overcomes these
problems in four important ways. First, the bend
radius of the fiber is adequate for use within a flexi
ble endoscope without breaking (Fig 3A). Second,
the cladding for this fiber retains the laser energy
within the fiber core. Third, the core and cladding
used are nontoxic. Fourth, the material chosen has

good transmission characteristics (Figs lB, C) which

permit the fiber to be used with small diameters and

yet be clinically efficacious.

In this study, the application of fiberoptics for use

as a therapeutic tool in the treatment of tracheo
bronchial tree disease has been demonstrated in an

animal model. The C02 laser fiberoptic can be used
with standard endoscopes for the purpose of cutting
or vaporizing lesions anywhere in the endoscope's
range of view (Fib 3B). The lesions that are created
are identical to lesions created by laryngoscopic or

direct-line-of-sight C02 laser lesions.

As presented here, the criteria for a safe and effi
cacious delivery system for the C02 laser have been
met. The result of the technology developed is a

Fig 3. Appearance and features of
fiber. A) Flexibility of Irflex fiber
makes it easily adaptable to pres
ent endoscopes. B) Cladded fiber

emerging from end of endoscope.
C) Irflex 3.5-cm fiber with a distal
exit window that reflects beam out

at right angle to fiber.

population of fibers ranging in diameter from 200
to 800 flm (Fig 3C). The efficiency of transmission

approaches 80 % and is dependent upon the purity
of the starting material. Laboratory fibers have
been able to deliver in excess of 80 W. The combi
nation of small fiber diameters and high powers re

sults in power densities greater than required for
most surgical applications. With the information

gained in this study, a 600-flm fiber would appear
to be most advantageous for vaporization of lesions
in the tracheobronchial tree.

These infrared fibers have been fabricated with a

variety of distal windows. In one configuration, a

prism has been ground into the end of the window.
This results in a/beam reflected at right angles from
the point of exit (Fig 3C). Any angle can be ground
into the window, providing exit angles for virtually
any endoscopic application.

Safety from fires has improved. The close distance
\

or contact of the fiber with the tissue virtually elim
inates inadvertent reflections onto flammable ob
jects. With the protective cladding and celluloid ex

it windows optically guiding the beam this fiber
should be safe when passed through and beyond an

endotracheal tube. This, however, has not been
tried as our experimental set-up places this fiber in a

bronchoscope. In this situation there is no fire
hazard. Reflection onto innocent tissue is also ob
viated.

APPLICATIONS

No longer is a straight, unobstructed path needed
to the target tissue, and thus, all of the areas of the
head and neck that are accessible by a fiberoptic in
strument can be reached with a C02 laser through
this device. The following are applications that
need to be exploredfor this fiber.

In the larynx and hypopharynx, fiberscopes to

carry this fiber allow accurate surgery without rigid
tubes or the operating microscope. Illuminating
and viewing magnification can be incorporated into
the endoscope. With an awake patient the risks of
anesthesia are reduced. Flexible fiberoptic applica-
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tion eliminates danger to the teeth. Very small spot As for the ear, the eustachian tube and middle ear

sizes are possible for very fine dissection. can also be treated with the fiber. The eustachian
tube can be cannulated and operated on under fi

beroptic vision through the nose or during mastoid

surgery.
For diagnostic purposes, this infrared transmit

ting fiber can carry energy from the tissue to a de
tector. Using temperature and scanning devices, it

may be possible to detect and map submucosal le
sions, differences in blood flow, and aspects of

organ function based on temperature differences.

SUMMARY

In the trachea and bronchi any area accessible
with the fiberscopes is accessible for lasing. Obstruc

ting lesions of the lower airway can now be com

pletely removed at the time of surgery rather than
requiring a follow-up procedure to excise necrotic
tumor. In addition to carrying the C02 laser wave

length for vaporization, the fibers can also carry the
near infrared wavelengths of the neodymium:YAG
laser or other wavelengths to control bleeding.

The paranasal sinuses and nasopharynx can be
reached for treatment. Nasallesions can be removed.
Synechia and nasal stenosis in previously inaccessi
ble areas can be excised. The sinuses can be entered
and treated through fiberscopes. Choanal lesions
and nasopharyngeal disease can also be treated.

The C02 laser fiberoptic presented here is a rela

tively safe and effective tool for carrying infrared

energy and C02 laser wavelengths. It is flexible, non

toxic, and applicable to a wide variety of situations
both for treatment and diagnostics, and thus is a sig
nificant addition to the surgeon's armamentarium.
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PENETRATING INJURIES OF THE LARYNX
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We report the primary treatment of 17 penetrating injuries of the larynx and upper trachea occurring in a civilian population. There
were five gunshot wounds and 12 stab wounds (10 self-inflicted). The regions of injury included the thyrohyoid membrane (5 patients),
thyroid cartilage (4), cricothyroid membrane (6), cricoid cartilage (1), cricotracheal membrane (1), and upper tracheal cartilages (3).
Multiple regions of injury were noted in some patients. Laryngeal exploration (thyrotomy) was required in two patients, extensive neck ex

ploration in five patients, and simple wound closure after limited exploration in nine. Two patients died within six days of unrelated
causes. The 15 survivors had good airways and satisfactory deglutition. One patient had a breathy voice due to vocal cord paralysis from
the presenting injury; the remaining 14 had good voices.

INTRODUCTION

Penetrating injuries of the larynx and contiguous
parts of the airway present a diagnostic and thera
peutic challenge. The injuries vary in severity from
minor lacerations of virtually no consequence to se

vere injuries of the cartilage, mucosa, subcutaneous
soft tissues, nerves, adjacent vessels, and related
structures. Numerous authors have reported their
experiences in treating various types of penetrating
wounds.v " Most agree that the goals of treatment
are the prompt reconstruction of a stable skeletal
framework, restitution of an intact epithelial lining,
and restoration of the protective, respiratory, and
phonatory functions of the larynx. The results with
the immediate treatment of penetrating injuries
tend to be more successful than those generally
achieved with the treatment of blunt or crushing in

juries. 3.6-11.13,16-29 We report our experience with the

management of 17 penetrating injuries of the larynx
and adjacent structures, but not with blunt or

crushing injuries.

PATIENT POPULATION

This series includes 17 patients who presented to
the City Hospital Center at Elmhurst, an affiliate of
the Mount Sinai School of Medicine, from 1972

through 1983. The patients ranged in age from 19 to

79. There were 12 men and five women. Twelve pa
tients had stab injuries, including ten self-inflicted
wounds. Five patients had sustained gunshot wounds
to the larynx and neck.

The symptoms, initial physical findings, and. re

sults of indirect and direct laryngoscopy are included
in the Table. The predominant signs and symptoms
were pain (16 patients), crepitus (9), hoarseness (6),
respiratory difficulties (3), dysphagia (2), hemopty
sis (2) and hematoma.

The regions of injury noted were thyrohyoid mem-

brane (5 patients), thyroid cartilage (4), cricothy
roid membrane (6), cricoid cartilage (1), cricotra
cheal membrane (1), and upper tracheal cartilages
(3). Multiple regions of injury were noted in some

patients.
The findings at time of neck exploration, when

performed, along with the technique for repair, are

also included in the Table. With two exceptions, all
patients were treated within 12 hours of injury; the
remaining two were treated within 48 hours. Anti
biotics were administered to all 17 patients, with
the most commonly used being cephazolin (Kefzol).
Steroids were used in two patients. Two patients
died within six days, one from delayed rupture of
an intrathoracic vessel and one from intestinal in

tussusception and complications of hepatitis. At the
time of follow-up examinations, it was noted that
all 15 surviving patients had satisfactory airways
and 14 patients had good voices. No difficulties in

decannulating these patients were encountered.
The vocal cords were mobile in all patients except
one who had unilateral paralysis at time of the in
itial examination following a gunshot wound. An
other patient with vocal cord paresis following a

stab wound had full vocal cord motion on dis
charge.

DISCUSSION

Management of the patient with a penetrating in

jury of the larynx is predicated on understanding
the nature and full extent of the injury and deter
mining the presence of any concurrent injuries.
Many of the current principles of management are

similar to those advocated by Gottstein in 1883.30 At
the time of the initial evaluation, the surgeon im

mediately assesses the extent and severity of the in

jury. Any coincident life-threatening injuries such
as extravasating hemorrhage or airway obstruction
are managed immediately. In the management of

From the Department of Otolaryngology, Mount Sinai School of Medicine, and City Hospital Center at Elmhurst, Elmhurst, New York,

Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 5-6, 1984,
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Symptoms

CASE SUMMARIES

Physical
Examination

Case
No. Date Age Sex Type of Wound

Laryngoscopy
Indirect Direct

10/81

2 10/82

3 5178

4 9/83

5 3/82

6 1179

� 12/79

8 1lI80 20

9 1173 23

10 1lI80 25

11 9173 25

12 2172 26

13 2178 31

14 3174 28

15 10/80 21

16 2177 36

17 2179 29

79 M Self-inflicted stab
wound

Pain, hoarse-
ness

Pain, hoarse
ness

Comatose

Pain

Pain, dyspha
gia, hoarse
ness

Pain

Pain

Pain, dyspha
gia, hoarse
ness

Pain

Hemoptysis,
pain

Pain, airway
distress

Airway dis
tress, hoarse
ness, pain

Pain

Hoarseness,
hemoptysis,
pain
Pain

Pain

Pain

Stab wound at level
of thyrohyoid mem

brane

Stab wound at level
of cricothyroid
membrane

Stab wound at level
of first tracheal ring
with crepitus
Laceration at level
of cricothyroid
membrane

Entrance wound at

angle of right man-,
dible, exit anterior
to left sternocleido
mastoid muscle, crep
itus

Horizontal wound
at level of thyrohy
oid membrane

Large hematoma
through neck, crep
itus, laceration at
level of cricothyroid
membrane

Crepitus entrance at

thyroid notch, full
ness right side of
neck

Crepitus, tenderness
over upper trachea

Stab wound at
sternal notch

Gunshot entrance at
midneck above ster
nal notch, crepitus
Multiple stab wounds
neck, face

2-cm laceration at

cricothyroid mem

brane, crepitus

Laceration at level
of thyrohyoid mem

brane

Crepitus, entrance
wound at midline
over thyroid carti

lage
Laceration over thy
roid cartilage

Laceration over cri

cothyroid membrane,
crepitus

Edema over right
arytenoid

Normal

Normal except for
slight bloody dis
charge in subglottis

Vocal cords mobile,
false cords hematoma

Vocal cords mobile,
blood in supraglottis

Left vocal cord hem
atoma, anterior com

missure laceration

Cricothyroid lacer
ation

Tracheal laceration,
esophagoscopy nor

mal

Cricothyroid lacera
tion, esophagoscopy
normal

Laceration of the an

terior commissure
laceration of the left
true vocal cord,
bronchoscopy and
esophagoscopy nor

mal
Laceration of epi
glottis, edema of ar

ytenoids, no ex

posed cartilage
Cricothyroid lacera
tion, esophagoscopy
normal

Edema at both true
vocal cords, displace
ment of right aryte
noid, right true vo

cal cord paralysis,
esophagoscopy nor

mal

Subglottic edema,
esophagoscopy nor

mal

Laryngoscopy and
esophagoscopy nor

mal, bronchoscopy -

l-cm laceration of
anterior tracheal
wall 3.5 cm from
glottis
Laceration upper
trachea

19 M Self-inflicted stab
wound

Circumferential
stricture in supra
glottis, left vocal cord
paralysis
Cricothyroid lacera
tion, slight blood in

subglottis, esophago
scopy normal

Laceration of epi
glottis

Blood in subglottis,
esophagoscopy, and
bronchoscopy nor

mal

Blood in supraglot
tis, esophagoscopy
normal

Cricothyroid lacera
tion, vocal cords mo

bile, esophagoscopy
normal, bronchos
copy: blood in sub
glottis

57 F Self-inflicted stab
wound

53 M Self-inflicted stab
wound

26 M Gunshot wound

20 M Self-inflicted stab
wound

31 F Self-inflicted stab
wound

M Gunshot wound

M Gunshot wound

M Stab wound

M Gunshot wound
to neck

F Stab wounds to

neck, face, hand

M Self-inflicted stab
wound

F Self-inflicted stab
wound

M Gunshot wound

M Self-inflicted stab
wound

F Self-inflicted stab
wound
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CASE SUMMARIES (Continued)
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Case
No. Operative Findings Repair Stent Antibiotics

Cortico
steroids Follow-up Comments

2

Multiple deep neck lac
cerations through thy
roid cartilage with avul
sion of partial thyroid
cartilage, laceration in
to preepiglottic space

Laceration of cricothy
roid membrane

Anterolateral cricotra
cheal separation with
posterior wall intact,
transection of anterior
jugular veins, and super
ior thyroid artery, re

current laryngeal nerves

intact

Cricothyroid lacera
tion with linear lacera
tion on posterior surface
of cricoid

Entrance wound right
side of neck through right
thyroid ala, right false
vocal cord and upper sur

face right true vocal cord
transversing larynx exiting
through anterior third
of left true vocal cord,
comminution of thyroid
cartilage
Penetration through thy
rohyoid membrane

Large perforation (2 ern)
of cricothyroid mem

'brane

Fracture of inferior cor

ner of right thyroid car

tilage. Recurrent laryn
geal nerve not identified
due to edema

Vertical nondisplaced
fracture of cricoid carti

lage at right anterolater
al border, mucosa intact,
nondisplaced Ir actures
of first and second tra
cheal rings, recurrent

laryngeal nerve normal

No exploration

Repair of wound in No Cephazolin
layers, tracheotomy

No Good voice, good air

way, good deglutition

Good voice, good air

way, good deglutition
Good voice, good air

way, good deglutition

Died 6 days later of com

plications of hepatitis,
intussusception

Good airway, good de
glutition, voice initially
poor improved on cor

ticosteroids

Good voice, good air

way, good deglutition
Good voice, good air

way, good deglutition

Good voice, good air

way, good deglutition

Good voice, good air
way, good deglutition

Good voice, good air
way, good deglutition
Died on arrival in lCU
immediately after sur

gery

Removal of keel 6 weeks
later, good voice (mobile
vocal cords), good air

way, good deglutition
Good voice, good air

way, good deglutition
Good voice, good air

way, good deglutition
Good voice, good air
way, good deglutition

No

Good voice, good air

way, good deglutition
Good voice, good air
way, good deglutition

Brought in hypo
volemic shock to

emergency room,
intubated through
stab wounds

Pneumothorax,
stab wound to
chest

Cause of death -

vessel disruption
in thorax and
thoracic esopha
geal injury
Coincidental right
facial nerve pa
ralysis secondary
to transection

Right partial
hemiparesis re

solving at dis
charge

3

4

5

6

7

8

9

10

11 Entrance wound left an

terior trachea, exit 2 ern

posteriorly on right, re

current laryngeal nerves

normal

Supraglottic scarring,
esophageal laceration

12

13 Laceration at cricothy
roid mem brane

Laceration of thyrohy
oid membrane

Complex laceration of
cricothyroid membrane,
no injuries to great ves

sels on neck exploration
Thyrohyoid membrane
laceration

Cricothyroid membrane
disruption

14

15

16

17

Repair of wound in No Cephazolin
layers, tracheotomy
Neck exploration, con- Yes Cephazolin
version to low tra-

cheotomy, resection
of first tracheal ring
and primary crico-
tracheal anastomosis,
Portex stent 7 days

No

No

Closure of wound in No Cephazolin No
layers, tracheotomy

Midline thyrotomy, Yes Tobramy- Only after
mucosal repair, Por- cin, Clindo- stent re-

tex stent 17 days, tra- mycin moval
cheotomy (granulo-

mas on

true vocal
cords)

Repair of wound in No Cephazolin No
layers, tracheotomy
Repair of wound in No Cephazolin No
layers, tracheotomy

Repair of wound in No Cephazolin
layers, ligation right
internal jugular vein,
tracheotomy

No

Repair of wound in No Cephazolin
larynx, tracheotomy

No

Wound dressed No Cephazolin No

Closure of tracheal No Cephazolin
openings with su-

tures, tracheotomy

No

Thyrotomy excision Yes Ampicillin
of scar tissue, suture

repair of esophagus,
insertion of keel

Closure in layers,
tracheotomy

Yes

'No Cephazolin No

Closure in layers,
tracheotomy
Suture repair, tra

cheotomy

No Cephazolin No

No Cephazolin No

Suture repair, tra

cheotomy
Suture repair, tra

cheotomy

No Cephazolin No

No Cephazolin
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airway obstruction, tracheotomy is preferred, par- We have found direct laryngoscopy to be the most

ticularly if it is not possible to determine the extent important diagnostic modality. This procedure al-
of the laryngeal injury readily.:" Endotracheal intu- lows more careful inspection of the larynx. In addi-
bation is hazardous in a patient with multiple lar- tion to the factors mentioned in regard to the indi-

yngeallacerations because of the possibility of crea- rect laryngoscopy, one should inspect for any evi-

ting false passages through the mucosa or causing dence of mucosal lacerations, exposed cartilage,
further cartilage damage. A low tracheotomy is per-- lacerations in the laryngeal ventricles, lacerations
formed through a midline vertical incision. in the apex of the pyriform sinus, and subglottic in-

After the airway has been secured by whatever juries - regions generally not visible by indirect

means necessary, systematic examination of the lar- laryngoscopy.
ynx and neck is performed. It is important to note
whether the wound is from a gunshot or stab injury.
Gunshot wounds are more likely to be associated
with severe tissue damage produced by the bullet.
The energy absorbed by the cervical tissues is related
to the mass and velocity of the missile. 1 The subject
of wound ballistics has recently been thoroughly re

viewed by Owen-Smith" and Swan and Swan.:"

On the other hand, stab wounds tend to be cleaner
but there may be difficulty determining the depth
of the penetration. With deeply penetrating injuries
such as encountered with icepicks, stilettos and
knives, injuries to the thoracic duct, cervical ves

sels, cervical nerves, and viscera may occur some

distance away from the site of the entry wound."

Physical examination includes palpation of the hy
oid bone, thyroid cartilage, and cricoid cartilage.
Palpable subcutaneous cervical emphysema is an

ominous sign, generally indicative of violation of an

air-containing space, and almost always mandates
neck exploration. External physical examination is

repeated frequently to assess any change in the neck
wound, particularly if a major vascular injury is

suspected.
Indirect laryngoscopy is an important component

of the evaluation process. In our series, it was per
formed on four of the 17 patients. It was omitted in
the remainder due to their physical instability. On
indirect examination, one determines the position
of the epiglottis (and any retrodisplacement sug
gesting preepiglottic hematoma or a detachment of
the petiole from the thyroid cartilage), position and
mobility of the arytenoids, integrity of the mucosa,
submucosal edema, or hematoma formation. The
flexible fiberoptic nasopharyngolaryngoscope is
useful in patients unable to tolerate mirror exami
nation.

Radiographic evaluation consists of soft tissue
neck films which are helpful in determining the po
sition of any foreign bodies and evaluating displace
ment of the air column by hematoma or edema. Soft
tissue neck films are generally not helpful for diag
nosing laryngeal fractures. Although laryngograms
have been advocated for demonstrating false pas
sages, fractures, and avulsion injuries, 16.19.23 we have
not found them necessary in our patients. Compu
terized tomographic (CT) scanning has generally
replaced laryngograms;" but was not available to

the patients in this series from a municipal hospital.

All physical findings should be well documented,
particularly in view of the medicolegal problems
which often surround these cases. In addition to the
written reports included in the patients' charts, we

recommend photographing the wound thoroughly
and keeping a photographic file of pertinent radio
graphic studies. Pretreatment and posttreatment
voice recordings are also useful, although they are

not always easy to obtain in the emergency situation.

MANAGEMENT

As mentioned above, the first priority is establish
ment of an airway by whatever means necessary. In
cases of stab wounds through the cricothyroid mem

brane, a tracheotomy tube may often be inserted

through the wound. Oral intubation is not advisa
ble because further damage to the larynx may oc

cur. In this series, tracheotomy was performed in

patients with cervical subcutaneous emphysema,
palpable evidence of fracture of the larynx, or mod
erate to severe airway obstruction.

Certain signs carry a bad prognosis and indicate
the need for open exploration. These include 1) air

way compromise of sufficient severity to require
emergency tracheotomy (generally indicating a se

vere disruption of the laryngotracheal complex), 2)
cricoid cartilage fracture on palpation, 3) exposed
arytenoid cartilage, 4) displaced thyroid cartilage
on laryngoscopy, 5) marked posterior displacement
of the epiglottis, 6) subcutaneous emphysema, 7)
vocal cord paralysis or severe paresis, 8) evidence
that the missile crossed the midline, and 9) inability
to assess full extent of injury.

Full exploration can generally be avoided in pa
tients with intralaryngeal injuries limited to 1) ede
ma,- hematoma, contusion, abrasion of the endolar
yngeallumen; 2) undisplaced thryoid fracture; and
3) minor lacerations without significant loss of
mucosa.

The surgical exploration should optimally pro
ceed within the first 24 hours. This is directed to

ward repair of mucosal lacerations and stabilization
of fractures. If surgery cannot be performed imme

diately due to the patient's instability or concurrent

injuries, it should be performed as soon as possible
in order to reduce the likelihood of scar or cicatrix
formation.
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CLASSIFICATION OF INJURIES

We have classified injuries into the following
groups according to the region involved.

I. External Soft Tissue Injury
This group includes the entry wound from the

stab and the entry and exit wounds from the gun
shots. Most self-inflicted stab wounds have been of a

slicing or sawing nature. When the latter have been
associated with minor entry wounds in the cricothy
roid or cricotracheal membrane, they have been
closed primarily in layers without tracheotomy.
More extensive or deeply penetrating injuries have
been explored and repaired in conjunction with cor

rection of the deeper injuries.
II. Internal Soft Tissue Injury

A. Minor

In this group, we have observed superficiallacera
tions of the laryngeal mucosa; hemorrhagic infiltra
tion of the submucosa; and hematomas of the ary
epiglottic fold, false cords, and true cords. These
wounds have not required exploration in the absence
of airway compromise. Treatment has consisted of
voice rest, soft diet, humidified oxygen, antibiotics,
careful observation, and periodic examination of
the larynx. These patients have done well.

B. Major
1. Supraglottic. Injuries in this region included

tears in the thyrohyoid membrane and fracture in
the notch of the thyroid cartilage. One can also
have posterior epiglottic displacement and tears

through the laryngeal ventricles, false cords,
aryepiglottic folds, and walls of the superior
hypopharynx. As a result of this type of injury, one

may see displacement or exposure of the arytenoid
cartilages. Due to the tear and displacement of the
epiglottis, there may be herniation of the preepi
glottic fat into the lumen. The approach to repair
depends on the laryngoscopic findings. If there is no

damage to the laryngeal structures, one closes the
thyrohyoid laceration in layers. However, if any of
the above findings are present at laryngoscopy, an

anterior pharyngotomy approach is used. All mu

cosal lacerations are repaired with absorbable su

tures, making sure that the knot is extraluminal to
reduce the likelihood of granuloma formation. In
more massive injuries, all damaged structures above
the cords are resected according to the principles. of
the supraglottic subtotal laryngectomy . If there has
been considerable mucosal loss, raw surfaces are

covered with split thickness skin grafts.
2. Glottic. Injuries at the glottic level require

careful examination. Minor mucosal lacerations
which do not involve the anterior commissure or ex

pose the arytenoids may need no treatment. How
ever, all other injuries are best examined through a

midline thyrotomy. Major mucosal lacerations are

repaired by primary closure. Avulsions of mucosa
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are repaired by use of mucosal grafts or flaps from
the pyriform sinus or postcricoid regions. If there is

significant damage to the anterior portions of the
true vocal cords or detachment of the anterior com

missure tendon, a keel is inserted to prevent web
bing after the repair is performed. With displaced
arytenoids an attempt at repositioning is made;
however, this procedure is not usually successful
with major displacements. Thyroid cartilage frag
ments are realigned and held in place with nonab
sorbable sutures.

Intraluminal stenting of the larynx is reserved for
patients with extensive soft tissue injuries, skin
grafts, and/or severe comminution of the thyroid
cartilage fragments. Unnecessary stents can cause

pressure necrosis or lead to granulation tissue for
mation and greater scarring. The stent we prefer is
the crimped Portex endotracheal tube. The length
of time the stent remains in place depends on the in

jury. Stenting for mucosal flaps, grafts, and skin
grafts requires seven days. Stenting for comminu
tion of cartilage requires 14 days. Stents are gen
erally removed at direct laryngoscopy 4 to 6 weeks
following the injury.

3. Subglottic and Cricoid. Subglottic injuries
generally involve the cricoid cartilage and are com

plicated by stenosis if not treated promptly. These
injuries are approached through a laryngofissure.
Mucosal lacerations are sutured primarily. Avulsed
mucosa is replaced by grafts. The cartilage frag
ments are elevated, realigned, and stabilized with
wires. A stent is used at all times to maintain the lu
men for 4 to 8 weeks. If it is not possible to recon

struct the cricoid cartilage, it is resected, and the
thyroid cartilage is sutured to the trachea (thyro
tracheal anastomosis). This is one of the most diffi
cult injuries to repair and postoperative scarring
can occur even with proper care.

4. Tracheal. Cricotracheal separation or com

plete avulsion of the trachea can be fatal before the
patient arrives at the hospital. 4 In exploration, the
recurrent laryngeal nerves should be identified. If
both are severed, at least one should be sutured. It is
important to have a tension-free anastomosis. A
two-layer closure of the trachea is done using ab
sorbable sutures for the mucosa, and prolene or

wire for the cartilage.
In reviewing our series of patients with penetrat

ing and blunt injuries of the larynx, we have noted
some important differences between the two groups.
The penetrating injuries, regardless of site, tended
to produce localized and frequently sharply demar
cated damage which was relatively easy to find and
to repair. Blunt injuries tended to produce more ex

tensive soft tissue trauma "and to be associated with
other skeletal injuries.

We have used antibiotics in all cases of penetrat
ing laryngeal injury and have not had problems of
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superinfection or drug reaction. We have encoun

tered no major wound infections in this series. We
feel that antibiotics are generally indicated for any
patient with cartilage injury because of the possibil
ity of chondritis.

Corticosteroids have been used in only two pa
tients, one who had been referred more than 24
hours after injury after having received only a

tracheotomy at the primary care institution. The
other patient was given corticosteroids when two
small granulomas on the true vocal cords were

noted after stent removal. The granulomas subse
quently resolved. We do not advocate the use of
corticosteroids for uncomplicated penetrating in

juries.
In summary, in reviewing our experience with 17

cases of penetrating laryngeal injuries, we feel that
treatment is best based on the following principles.

1. Full examination of the unanesthetized and anes

thetized patient is necessary in order to deter
mine the extent of injury.

2. Complete radiographic examination (including CT

scanning) aids in both diagnosis and documentation.

3. Further documentation of injuries using photo
graphs and voice recordings is useful, when avail
able.

4. Prompt repair of injuries is strongly advocated.

Delay is complicated by adverse scarring.
5. Repair of mucosal, submucosal, and cartilagi

nous injuries is performed in a controlled man

ner, avoiding unnecessary foreign bodies and
needless exploration.

6. The first attempt at repair is the most important
one. Secondary procedures are generally less suc

cessful.
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LARYNGEAL TRAUMA: SEPARATION OF THE CRICOID
CARTILAGE AND TRACHEA

JULIUS N. HICKS, MD

BIRMINGHAM, ALABAMA

M. ALAN GOODSON, MD

Blunt laryngeal trauma may cause separation of the cricoid cartilage and the trachea. These injuries occur less frequently than injuries
to the cricothyroid complex and are difficult to manage anatomically and physiologically. In this paper we present a case illustrating im

portant diagnostic criteria and essential principles for reconstruction of this damage, and we critically review problems concerning
diagnosis and repair of this type of injury.

INTRODUCTION

Blunt trauma to the neck may cause injuries to

the larynx and trachea, usually involving the laryn
geal cricothyroid complex. Less frequently, this
trauma may cause an unusual injury to the cricotra
cheal complex, resulting in total separation of the
tissues between the cricoid cartilage and the first
tracheal ring of cartilage, without actually fractur
ing these cartilages. When one explores the neck
and examines this injury, the tissues between the
two cartilages appear to be cleanly cut as if by a

sharp knife. An excellent review by Harris and
Tobin! in 1970 analyzing 49 cases of laryngeal and
tracheal trauma does not include this type of injury.

We present a case with this type of injury to illu
strate diagnosis and reconstruction. We then review

important general information concerning diagno
sis and repair of this type of injury and important
specific information on diagnostic problems and re

pair of our case.

CASE REPORT

A 14-year-old boy sustained severe blunt trauma
to his neck on March 7,1983. The trauma occurred
when the patient ran into a horizontal arbor wire
while riding his three-wheel motorcycle. He was

taken to a local hospital where his respiration and
swallowing were initially normal. The next day,
however, he was transferred to a larger hospital in
another city because of severe respiratory distress.
During this transfer he received mouth-to-mouth
resuscitation several times. His respiratory distress
worsened and an otolaryngologist performed. an

oral intubation. A tracheotomy was then per
formed. The patient stabilized, was referred to our

institution three days later, and received a thorough
workup and evaluation. Physical examination re

vealed the cuffed tracheostomy tube in place, and
laryngeal mirror examination revealed a marked

decrease in the mobility of each true vocal cord in

the paramedian position. Hospital admission hema

tologic, chemical, and serologic tests were normal,
but radiographic findings were abnormal. With the

patient in a standing position the lateral neck view
demonstrated closure of the airway below the cri
coid cartilage (Fig 1). With the patient in a supine
position, a computerized tomographic (CT) scan

did not demonstrate any abnormality of the airway.

Eight days after injury, direct laryngoscopy un

der general anesthesia revealed a flaccid epiglottis,
but the pyriform sinuses and postcricoid region
were normal. Both arytenoids were displaced lat
erally and the true vocal cords were in the para
median position. Tracheoscopy revealed a separa
tion of the lower margin of the cricoid cartilage

Fig 1. Lateral neck radiograph. Arrow points to obstructed
area.

From the Division of Otolaryngology and Head and Neck Surgery, Department of Surgery, University of Alabama Hospitals and Clinics, Birmingham.
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4-mm lumen. This lumen was dilated to the outside
diameter of a no. 28 Jackson dilator and a no. 6

bronchoscope. On June 16 (101 days postinjury),
the stenotic area was dilated and fitted with a

Montgomery T-tube, that was subsequently re

moved 164 days postinjury. A tracheostomy tube
was again inserted. On September 9, (185 days
posttrauma), 0.4 cc of triamcinolone acetonide (20
mg/cc) was injected into the anterior area of the hy
pertrophic scar and 0.5 cc of triamcinolone aceto
nide was injected into the posterior area of the scar.

Later the patient was able to exercise moderately
with his tracheostomy tube plugged. This encour

aged us to admit the patient and to attempt decan

nulation. On November 16 (254 days postinjury),
the patient was admitted for evaluation. Laryngeal
mirror examination revealed the true vocal cords in
the paramedian position with a 5- to 6-mm glottic
aperture. Direct laryngoscopy and tracheoscopy
under general anesthesia revealed an ll-mm sagit
tal and a 7-rnrn coronal aperture at the level of his
injury, and an ll-mm sagittal and a 5- to 6-mm cor

onal aperture at the level of his glottis. He was

decannulated without difficulty. Since his dis
charge, respiration and vocalization have been ade
quate.
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A B

Fig 2. Larynx and trachea with A) separation of cricoid
and first tracheal cartilages and B) surgical reapproxima

I
tion of these cartilages.

from the upper margin of the first tracheal carti

lage. The bronchoscope was removed and open sur

gical repair with a horizontal skin incision 2.5 em

above the tracheotomy site was performed. Several
air pockets were noted in the tissues of the neck, but
there was no evidence of acute infection. Dissection
of the soft tissues down to the cricoid cartilage al
lowed a 3.5-cm separation to appear between the
lower border of the cricoid cartilage and the upper
border of the first tracheal cartilage. Inspection of
the area of separation revealed no fractures of the

laryngeal or tracheal cartilages and no injury to the
anterior wall of the esophagus (Fig 2A). To repair
this defect, 3-0 chromic catgut sutures were used to

close the mucosa of the posterior part and a soft
stent was placed in the lumen of the defect. Sutures
of no. 24 gauge wire were used to approximate the

cartilages and mucosa of the anterior part of the de
fect. The wire sutures were passed around the first
three tracheal rings inferiorly and through the cri

cothyroid membrane superiorly (Fig 2B). The stent

was stabilized with Dexon sutures tied to buttons on

the overlying skin. The patient experienced no post
operative complications and was discharged on the
sixth day after surgery.

Follow-up care required several hospital admis
sions with surgical procedures under general anes

thesia. On April 29, 1983 (53 days postinjury), the

patient was admitted and the soft stent was re

moved. The lumen of the larynx and trachea was

patent, without evidence of stricture or granulation
tissue. On May 13 (69 days postinjury), the patient
underwent endoscopy that revealed a I-mm trache
al lumen at the site of trauma. His tracheal lumen
was dilated to the diameter of a no. 26 Jackson
woven silk dilator. On May 30 (84 days postinjury),
he was again admitted, and endoscopy showed a

COMMENT

Laryngeal surgeons have written about their ef
forts to repair severe laryngeal trauma for many
years. Early papers addressed laryngeal stenosis,
but since about 1962 papers have begun to address
early repair of severe laryngeal trauma in order to

prevent stenosis.

In 1918, Iglauer ' noted a core mold method of di
latation that provided gentle pressure against the
stenosis. In 1929, Schrniegelow" reported on his use

of core molds placed into the laryngeal lumen dur

ing open surgical exposure. From 1930 until 1956
Arbuckle," Lejeune and Owens," Figi," and Erich"

reported on the use of stents and skin grafts for the
treatment of laryngeal stenosis.

.

In 1962, Fitz-Hugh and coworkers" pointed out

that patients with severe closed injury to the larynx
require treatment with prompt tracheotomy and

open exploration of the larynx. In 1965, Harris and
Ainsworth? reported excellent results on a large
series of patients with laryngeal injuries treated

acutely. In 1970, Harris and Tobin ' enlarged this
series to 49 patients; they were able to restore an

adequate airway in all but one of these patients.
.

These results still remain the best reported. In 1972,
Pennington 10 noted the importance of microscopic
visualization in the repair of these severe injuries.

Some recent animal laboratory studies have in
creased our knowledge about the repair of severe la

ryngeal fractures. Miles et alii performed experi
ments that demonstrated the possibilities of study-
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ing severe canine laryngeal fractures. Thomas and cartilage existed.
Stevens'? studied three types of lumen-keepers in

animals, and stated that all three of them cause
The diagnosis of our patient's injury tested all

physicians who saw him because 1) he had no irn
greater infection rates, more ulcerations, and more

mediate airway obstruction; 2) there was no tear or
granulation tissues.

cut in the skin of his neck; 3) severe airway obstruc-
tion did not occur until the day after his injury; and
4) a CT scan of the airway failed to show the ob
struction with the patient supine. Repair of our pa
tient's injury was complex because it required eight
surgical procedures to regain a larynx with accept
able function.

Despite all the information available about blunt

laryngeal trauma, the diagnosis and repair of this

injury remains difficult. In our case report, we de
scribe problems of diagnosis and repair of blunt la

ryngeal trauma where a cleanly cut traumatic sepa
ration of the cricoid cartilage and the first tracheal
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PEMPHIGUS AND PEMPHIGOID OF THE UPPER
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Bullous pemphigoid, cicatricial pemphigoid, and pemphigus vulgaris are some of the vesiculobullous diseases that may involve the up
per aerodigestive system. Bullous pemphigoid has a generally self-limited and benign course. Cicatricial pemphigoid has potentially
debilitating sequelae and serious complications. Pemphigus vulgaris has a significant associated mortality. As these diseases may present
with head and neck involvement, it is important for the otolaryngologist to be familiar with them as well as other blistering diseases of the
head and neck. The clinical presentation, histology, immunopathology, differential diagnosis, and clinical management of these diseases
are reviewed. The UCLA experience with pemphigoid and pemphigus over the past 10 years is reviewed.

INTRODUCTION

Pemphigoid fever was a term used by Hippocrates
to describe diseases associated with blisters. 1 In

1681, Koenig described the first case history of pem
phigus vulgaris." Until 1953 pemphigus referred to

various bullous diseases, when Lever distinguished
it from other vesiculobullous diseases. 3

Currently bullous pemphigoid and pemphigus are

recognized as distinct vesiculobullous diseases of the
skin and mucous membranes. In addition to bullous
pemphigoid and pemphigus, cicatricial pemphigoid
is recognized as a separate clinical entity. Since the
upper aerodigestive tract is frequently involved in
these diseases', initial presentation may be to the
otolaryngologist-head and neck surgeon. In all
three diseases, the oral cavity as well as the nose,

pharynx, larynx, and esophagus are reportedly in
volved. While bullous pemphigoid is a relatively be
nign disease, cicatricial pemphigoid causes consid
erable morbidity, and pemphigus vulgaris is a po
tentially fatal disease which mandates early diagno
sis and aggressive treatment.

To facilitate the differential diagnosis, the clinical
manifestations of bullous pemphigoid, cicatricial
pemphigoid, and pemphigus are contrasted, and
the histology, immunopathology, natural history,
and treatment of each entity are reviewed. Their
differences are highlighted so that a definitive diag
nosis may be made in patients who present with ve

siculobullous lesions of the upper aerodigestive tract.

CLINICAL PRESENTATION

Bullous pemphigoid is a disease of the elderly,
typically presenting after the age of 60, although
cases have been described in young adults and chil-

dren. Bullous pemphigoid may have a self-limited
course or may be chronic, marked by exacerbations
and remissions. Bullous pemphigoid patients usual
ly present to the dermatologist with cutaneous le
sions of the axillae, groin, and flexor surfaces of the
forearms. Approximately, 30 % of the patients are

reported to have oral and pharyngolaryngeal mu

cous membrane involvement, and these patients
may present to the otolaryngologist. In the absence
of complications, bullous pemphigoid has a good
prognosis, with deaths occurring only in patients
who are elderly and debilitated or who have very
severe involvement. Typical lesions are vesicular for
the first 48 to 72 hours and then rupture and ulcer
ate. The base underlying the vesicle may be inflam
matory or noninflammatory, each with characteris
tic histologic findings. To obtain representative ma

terial for histological study it is important to biopsy
either a fresh blister or the active edge surrounding
an ulcer.

An interesting related disease is cicatricial pem
phigoid, an entity which affects women to men in a

2: 1 ratio with women over age 60 most commonly
afflicted. 4 There is no racial predilection. 5 Although
first termed benign mucous membrane pemphigoid
because of its histological appearance, cicatricial
pemphigoid has potentially debilitating sequelae
since it frequently heals with scarring.

Cicatricial pemphigoid is a disease of mucous

membranes, with oral cavity involvement in most
cases. Ocular involvement occurs in approximately
50 % of patients, and cutaneous involvement in
30 % . The skin of the face, neck, and upper chest is

commonly affected. 5

Oral lesions of cicatricial pemphigoid are most

commonly found on the palate, though the buccal
From the Department of Surgery, Division of Head and Neck Surgery (Ellison, Ward), and the Department of Medicine, Division of Dermatology
(Ahmed), UCLA Medical Center, Los Angeles.
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surface can also be involved. Severe desquamative
gingivitis may be the presenting manifestation. The

primary lesion is a vesicle or bulla which character

istically ruptures within 48 hours. The raw, de
nuded surface becomes covered with a fibrinous
exudate and reepithelialization and scarring usually
follow. Blindness is fairly common, and laryngeal
and esophageal stenosis have been reported. 6.7

Pemphigus has four variants that can be distin

guished clinically, histologically, and irnrnunopath
ologically. Pemphigus vulgaris accounts for approx
imately 80 % of all pemphigus patients. Pemphigus
vegetans is considered to be a variant of pemphigus
vulgaris. A less severe form of pemphigus is pemphi
gus foliaceous. Its variant, pemphigus erythemato
sus, is referred to as Senear- Usher syndrome." Pem

phigus vulgaris occurs worldwide and is a relatively
rare disease. In 1941 it accounted for less than 1 %
of all dermatology clinic cases at Bellevue Hospital

133

Fig 1. Pemphigus vulgaris. A) Characteristic blis
tering lesions on back. B) Close-up of skin lesions.
C) Intraoral lesions demonstrating involvement of
buccal mucosa and palate.

in New York." Men and women are equally affected.
The most common age of presentation is 40 to 60

years, with a range of 12 to 88 years. There is an in
creased incidence among Jewish people."

Pemphigus is mainly a dermatological disease,
presenting with blisters frequently resembling those
of pemphigoid. The trunk and back are more com

monly involved in pemphigus than pemphigoid.
Oral lesions are the presenting symptoms in over

half of all pemphigus vulgaris patients, and are

found in 80 % to 90 % of all cases during the course

of the disease. The gingiva, palate, and buccal mu

cosa are most commonly affected (Fig 1). The aver

age interval between onset of the disease and diag
nosis is 6.8 months. 10

Pemphigus vegetans accounts for only 1 % to 2 %
of all pemphigus patients. The mean age of onset is
55 years. Men and women are equally affected.
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Presentation may be either with vesicles or pustules,
and oral involvement is very common."

Pemphigus foliaceous is a more benign form of

pemphigus. It occurs in an endemic form in South
America. Mucous membrane lesions occur but are

relatively rare compared to pemphigus vulgaris.
Pemphigus erythematosus is a localized and less
severe form of pemphigus foliaceous." Since pem
phigus vulgaris is more common and has a serious

prognosis, it will be examined in detail and com

pared with bullous and cicatricial pemphigoid.

HEAD AND NECK INVOLVEMENT

Bullous pemphigoid reportedly involves the oral
cavity and pharynx in approximately 30 % of cases.

4

Since it has a relatively benign nature and often
there is a rapid resolution with or without treat

rnent, many cases of oral bullous pemphigoid are

probably unrecognized or undiagnosed. For similar
reasons, pharyngeal and laryngeal bullous pemphi
goid are not well documented. In contrast, cicatri
cial pemphigoid is recognized frequently, primarily
because of its ocular and head and neck involvement.
Blindness, subsequent to conjunctival involvement,
is the most common serious complication of ocular
cicatricial pemphigoid;" Laryngeal stenosis secon

dary to laryngeal involvement in cicatricial pem
phigoid has necessitated tracheostomy. 6 Esophageal
involvement has been severe enough to require
gastrostomy.

7

Among the vesiculobullous diseases, the clinical
manifestations of the pharynx, larynx, and esopha
gus are best described in patients with pemphigus
vulgaris. In 1925, New presented 19 patients with

pemphigus to the American Laryngological Associ
ation.P All 19 patients had oral and pharyngeal in

volvement, and laryngeal involvement was noted in
11 (58 % ) .12 Both Jackson and Jackson" and Lederer"
included descriptions of laryngeal pemphigus in
their texts, although modern textbooks frequently
delete this entity. In 1964, Wallner and Alexander
presented five patients with laryngeal pemphigus. 15

Pemphigus of the larynx presents with a thickened

Fig 2. Pemphigus of larynx with
involvement of epiglottis, aryepi
glottic folds, and true vocal cords
(arrows). A) Vocal cords abducted,
and B) vocal cords adducted.

epiglottis and milky white, loosely attached mem

branes involving the valleculae, aryepiglottic folds,
and laryngeal surfaces of the epiglottis. Adjacent
laryngeal areas are often beefy red. Although pem
phigus patients frequently complain of hoarseness,
actual involvement of the true vocal cords has pre
viously been undocumented (Fig 2).

Esophageal involvement is well recognized in

pemphigus vulgaris. Two cases of esophagitis disse
cans superficialis, in which sloughing and vomiting
of a cast of the entire esophagus occur, have been
attributed to pemphigus. 16 In 1982, Agha and Raji
reported that three of their 32 patients with pem
phigus vulgaris had esophageal involvement. 17

They suggested that the radiographic features of
esophageal involvement in pemphigus may include
inflammatory changes, webs, adhesions, and stric
tures. It was emphasized that esophageal symptoms
may precede radiographic findings by a significant
interval. Involvement of the mouth and/or pharynx
usually causes severe dysphagia, which often results
in significant weight loss and cachexia and con

tributes significantly to the morbidity and mortality
observed in pemphigus.

In summary, head and neck involvement occurs

in bullous pemphigoid, cicatricial pemphigoid, and
pemphigus vulgaris. In general, bullous pemphi
goid patients have a good prognosis. Cicatricial
pemphigoid patients may have debilitating and
hazardous complications. Pemphigus vulgaris com

monly causes severe symptoms in the upper aerodi
gestive tract and may result in death if not treated
early in the course of the disease.

HISTOPATHOLOGY

Bullous pemphigoid and pemphigus vulgaris
were not recognized as distinct clinical entities until .

.

1953, when Lever was able to demonstrate histologic
differences." The histology of cicatricial pemphigoid
resembles that of bullous pemphigoid, although
their clinical courses differ. The histological and
immunopathological differences between pem
phigus vulgaris and bullous pemphigoid are due to
the differences in the autoantibodies produced. 18.19
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In bullous pemphigoid, the histologic features de

pend on whether the biopsied bulla overlies normal
or erythematous skin or mucous membranes. The
bullae are formed at the dermoepidermal junction.
Usually no significant changes are observed in the

epidermis (Fig 3A). Since epidermal regeneration
begins within 48 hours, bullae biopsied after this
time can appear intraepithelial, although other fea
tures still allow distinction from pemphigus. The
bullae cavity may contain fairly numerous eosino

phils and neutrophils in a fibrin mesh. The dermal

changes in bullous pemphigoid on a noninflam

matory base are minimal, showing a sparse perivas
cular infiltrate mainly composed of mononuclear
cells. In contrast, those bullae overlying an inflam

matory base contain extensive perivascular accumu

lations of eosinophils intermingled with some

mononuclear cells and neutrophils. 10

The histopathological features in cicatricial pem
phigoid are essentially indistinguishable from those
of bullous pemphigoid, and the two diseases are fre

quently separated only by clinical manifestations. 20

Bullae which heal with scarring tend to show a

rriarked chronic inflammatory infiltrate, and, in
later stages, fibrosis.

By contrast, the histopathological changes in

pemphigus vulgaris are distinct. 10 The earliest
features of pemphigus are edema and eosinophilic
spongiosis. This is followed by acantholysis, which
is the loss of cell-to-cell adhesion in the lower layer
of the stratum malpighii. The acantholysis results in
the formation of an intraepidermal vesicle (Fig 3B) .

The intraepidermal cleavage accounts for the clini
cally observed Nikolsky's sign. This sign describes
the phenomenon in which lateral pressure over a
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Fig 3. Histological manifestations.
A) Bullous pemphigoid shows nor

mal epidermis with blister forma
tion at dermoepidermal junction.
B) Pemphigus vulgaris reveals in

traepithelial vesicles with loss of
'cell-to-cell adhesion (acantholysis)
within epidermis.

bulla causes an extension of the bulla to the sur

rounding tissues. The basal cells of the epidermis re

main attached to the underlying dermis. Usually
there is only a scanty mononuclear perivascular in
filtrate in the dermis, although in older lesions the
inflammatory response can be considerable. The
bulla cavity often contains acantholytic cells (Tzanck
cells) which can be demonstrated with Giemsa or

Papanicolaou stains.

Histological characteristics are sometimes helpful
in distinguishing pemphigoid from pemphigus. How
ever, immunological studies have helped to further
delineate the pathogenesis of these diseases and
have become the most important diagnostic tests.

IMMUNOPATHOLOGY

In 1964, using indirect immunofluorescence,
Beutner and Jordon demonstrated an antibody in
sera of pemphigus patients that reacted with the in
tracellular cement substance (ICS) of stratified
squamous epithelium.21 In indirect immunofluores
cence, frozen tissue sections of a substrate (usually
monkey esophagus) are placed on microscopic glass
slides and then overlaid with serial dilutions of the
patient's serum. Fluorescein-labeled rabbit antihu
man immunoglobulin is placed over the serum and
substrate. After washing, the slides are examined
for binding of the pemphigus antibody to the sub
strate. Pemphigus serum binds to the ICS in a ho

mogeneous smooth manner often referred to as a

"fish-net" pattern (Fig 4A). Serial dilutions are

made, and the last dilution to yield a positive ICS

pattern is recorded as the serum anti-ICS antibody
titer .18 Anti-ICS antibodies have been reported in
all the variants of pemphigus. The titer of the anti-
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lesional tissue in bullous pemphigoid demonstrates
the presence of IgG and!or C3 at the basement
membrane zone (BMZ) in a smooth homogeneous
ribbon-like manner (Fig 4B). Frequently in very
early lesions only C3 may be present. Other im

munoglobulins and components of the classic and
alternate pathway of complement fixation have
been described.

Indirect immunofluroescence studies on sera of
bullous pemphigoid patients demonstrate that 70 %
to 80 % of patients with active disease have a circu

lating BMZ antibody that can be demonstrated on

the monkey esophagus. The titer of the antibody
does not correlate with disease activity or severity.

All patients with bullous pemphigoid who have
oral lesions have positive direct immunofluores
cence studies on oral biopsies. Interestingly, 80 % of
bullous pemphigoid patients with skin diseases
alone have positive oral mucosa biopsies by direct
immunofluorescence, whereas no control patients
have positive direct immunofluorescence studies."
This suggests that the oral cavity is involved sub
clinically more often than previously recognized.
The postulated explanation for these observations is
that the skin and oral mucosa have antigenic deter
minants in common, but the local concentrations of
antibodies in the oral mucosa may not always be
high enough to trigger an inflammatory response.
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Fig 4. Immunopathology of pemphigus and pemphigoid.
A) Homogeneous fish-net pattern demonstrates anti-intra
cellular cement substance antibody deposition on monkey
esophagus intracellular cement substance diagnostic of
pemphigus. B) Smooth, ribbon-like deposition of anti
basement membrane zone antibody at dermoepidermal
junction is seen at basement membrane zone of skin consis
tent with bullous pemphigoid. Similar direct immuno
fluorescence pattern is seen in cicatricial pemphigoid.

ICS antibody correlates with disease activity and
severity.

Anti-ICS antibodies found in the sera of patients
without pemphigus are called "pemphigus-like an

tibodies.":" Such antibodies have been found in pa
tients with Trichophyton rubrum infection, cicatri
cial pemphigoid, bullous pemphigoid, myasthenia
gravis, burns, systemic lupus erythematosus, and
penicillin-induced drug reactions. The presumed
explanation for these pemphigus-like antibodies is
that an epidermal insult causes release of antigens,
inducing anti-ICS antibodies. These pemphigus-like
antibodies have not been ascribed a pathogenetic
role.

Direct immunofluorescence involves the patient's
tissue as substrate. A cryostat-cut 4-mm section of
the patient's skin is incubated with fluorescein
labeled goat antihuman antibodies. The over

whelming majority of patients with active pemphi
gus have in vivo bound IgG and frequently C3 in the
epithelial ICS areas. IgM, IgA, IgE, and IgD and
complement components of the classical and alter
native pathway have been demonstrated in the ICS.

Direct immunofluorescence examination of peri-

Patients with cicatricial pemphigoid have direct
imm unofluorescence patterns indistinguishable
from those with bullous pemphigoid. However,
universally, patients with cicatricial pemphigoid do
not have a demonstrable anti-BMZ antibody titer in
their serum using monkey esophagus substrate. Dis
tinctions between the two groups rest on clinical
presentation and disease course.

DIFFERENTIAL DIAGNOSIS

Pemphigus and pemphigoid should be distinguished
from other vesiculobullous diseases involving the
aerodigestive pathways. Recurrent aphthous stoma
titis is a common problem affecting roughly 20 % of
the adult population.'? These lesions typically start
as a burning sensation in an area of the mouth
which soon becomes painful and red, and eventual
ly ulcerates. The ulcers are 2 to 10 mm in diameter, .

may be single or multiple, and tend to occur on the
loose rather than bound down mucosa. The lesions
last seven to ten days and heal without scarring.

Viruses may account for the majority of vesiculo
bullous lesions observed in the oropharyngeal mu

cosa. Classically, viral lesions are located anterior to
the uvula. The gingiva is virtually always involved.
The lesions generally resolve within ten days.

Behcet's disease is a multisystem disease which
may present with oral ulcers.P The disease occurs in
an age range of 15 to 45 years with a man to woman

ratio of 4: 1. Behcet's disease is rare in the United
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States, but more common in Turkey, Japan, and mg of Prednisone;" They advocated increasing the
Europe. Diagnosis is based on associated findings, Prednisone dose by 60 mg after five days if new le-
including ocular involvement (80 %), genital ulcers sions continued to appear, continuing to increase the
(65 % ), cutaneous vasculitis, and multiple other dose until no further lesions appeared. Once the dis-
findings. ease was controlled, high dose therapy was contin

ued for 6 to 10 weeks. Then it was decreased loga
rithmically until a maintenance dose was reached.

With the introduction of corticosteroids, mortali
ty from pemphigus decreased significantly. The
high frequency of serious side effects and occasional
deaths secondary to corticosteroid therapy has re

sulted in the use of adjuvant therapy in the man

agement of pemphigus.
Several immunosuppressive agents have been in

vestigated. Methotrexate has been used alone and in

conjunction with corticosteroids. 26 While it has
been an effective adjuvant in controlling cutaneous

disease, oral lesions have not responded as well.
More importantly, there has been considerable
mortality associated with methotrexate, mainly due
to decreased resistance to bacterial infection and ir
reversible liver damage.

Azathioprine (Imuran) has been shown to be the
most effective and beneficial immunosuppressive
drug in treating pemphigus. It is especially helpful
in cases marked by relapses and remissions. It has a

"steroid-sparing effect. "27 Significant side effects of

azathioprine have been less frequent in pemphigus
patients. Patients with pemphigus who are taking
azathioprine should be carefully monitored for bone
marrow suppression and drug-induced hepatitis.
Azathioprine should be used in a dosage of 1 to 1.5

mg/kg/day. The incidence of side effects is greater
when the daily dose exceeds 300 mg/day.

Cyclophosphamide (Cytoxan) also has been shown
to be effective in conjunction with corticosteroids in

controlling severe disease. It also has a steroid-spar
ing effect and may contribute to prolonged remis
sions." However, the side effects of alopecia, hem

orrhagic cystitis, and myelosuppression often are

limiting factors. Cyclophosphamide is also known
to have carcinogenic and teratogenic effects. There
fore, cyclophosphamide should only be used when

azathioprine is ineffective or contraindicated. The
dose should be 0.5 to l.0 mg/kg/day. Patients
should be advised to significantly increase their flu
id intake to avoid hemorrhagic cystitis.

In preliminary reports, gold therapy has been re

ported to be effective. Penneys arl� coworkers re

ported that 50 % of their patients were disease-free
and off therapy after initial control was achieved
with corticosteroids and gold therapy. 29 Toxicity
was mild in 39 % and necessitated cessation in only
11 % of their cases. However, confirmatory studies

regarding the efficacy of combined corticosteroid
and gold therapy are lacking.

Erythema multiforme presents with vesiculobul
lous lesions of the skin and oral mucosa and cutane-

ous erythema.F Target lesions, when present, are

diagnostic. Lip involvement is typically severe, and
fever is often present. Stevens-Johnson syndrome is
an erythema multiforme variant that can also occur

in children. Although its etiology is usually not

identified, drug allergy accounts for approximately
20 % of such cases.

Lichen planus most commonly presents with white
striations, plaques, and reticulate formations on the
buccal mucosa, tongue, and gingiva.22 Erosive li
chen planus may present with painful bullous le
sions of the oral mucosa, and these can be clinically
indistinguishable from those of pemphigus or pem
phigoid. Diagnosis is based on histologic features.

Finally, one must include squamous cell carcino
ma and syphilis among inflammatory lesions of the
head and neck.

CLINICAL MANAGEMENT

Since the involvement of the aerodigestive path
ways is frequently associated with cutaneous in

volvement, patients with pemphigus and pemphi
goid are frequently treated by physicians of various

specialties. Thus, the head and neck surgeon may
be the primary physician responsible for the man

agement of such patients or may be a consultant in
their total care. The potentially fatal nature of these
diseases and the serious side effects and complica
tions of multiple drug therapy require that an oto

laryngologist be familiar with these issues.

Once the otolaryngologist has established a diag
nosis, repeated direct laryngoscopies should be
avoided. Since the basic pathology of pemphigus is

acantholysis, repeated examinations will result in a

Nikolsky's sign on the mucosa and thus exacerbate
the disease process. The mucous membranes are

often slow in responding to local and systemic ther
apy. Failure of improvement of pharyngeal and la
ryngeal lesions within the first 6 weeks is not unex

pected. Progress should be monitored on the basis of

subjective symptoms and indirect laryngoscopy:
Prior to effective treatment, the mortality rate of

pemphigus vulgaris was 70 % to 100 %.24 Over 50 %
of mortalities occurred within the first year, where
as only 8 % occurred after 5 years. Though unusual,
both transient and permanent spontaneous remis-
sions can occur.

. Early treatment is associated with better control
of pemphigus. In 1963, Lever and White proposed
high dose corticosteroid therapy, namely 120 to 180

Dapsone and sulfapyridine are antiinflammatory
agents that may be used as adjuvants in the treat

ment of pemphigus. 24 They are particularly helpful
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UCLA EXPERIENCE 1973-1983

Total No. oj
Patients Oral Involvement Pharynx Larynx Esophagus

Bullous pemphigoid 229 47 0 0 0

Cicatricial pemphigoid 37 30 2 4 2

Pemphigus vulgaris 127 89 13 11 2

in patients in whom the dose of Prednisone cannot

be further increased or corticosteroids cannot be
used at all. Methemoglobinemia and peripheral
neuropathy are significant and frequent side effects
of Dapsone. Crystalluria and myelosuppression are

noteworthy side effects of sulfapyridine.
Patients who are recalcitrant to systemic therapy

have been treated with plasmapheresis, but the data
conflict. 24 While some patients have improved,
others have worsened. Primary plasmapheresis is not

recommended, although it may prove to be benefi
cial in the future when used with other modalities.

In following response to therapy, it is important
to follow antibody titers. Multiple studies have in

vestigated the correlations between antibody titers

and disease activity in pemphigus. While the results
are somewhat conflicting, there is general agree
ment that antibody titers are elevated during active
disease and low or absent in periods of remission in
most patients. When coupled with clinical response,
titers are used therapeutically in the management of
medications.

Bullous pemphigoid is rarely life-threatening, of
ten self-limited, and predominantly affects older in
dividuals. The majority of the patients respond to

systemic corticosteroids in much lower doses. Fre

quently, a daily dose of 40 mg of Prednisone will
control the initial attack. Immunosuppressive
agents are required only in patients with very exten

sive or recurrent disease. In contrast to pemphigus,
the corticosteroids may be tapered as soon as disease
activity is controlled. Sulfapyridine and sulfones
have also been effective in some bullous pemphigoid
patients.

Cicatricial pemphigoid is often difficult to treat,
especially when mucous membranes are involved.
Its course is generally protracted with little tenden
cy toward remission. Furthermore, it can cause se

vere complications, most notably blindness, laryn
geal stenosis, and esophageal stenosis, obstruction,
or perforation. The cutaneous lesions resolve more

readily than the mucosal lesions, and oral lesions
more readily than the ocular lesions. Patients with
cicatricial pemphigoid usually require long-term
high dose corticosteroid therapy. In many cases an

additional immunosuppressive drug is required. Not

infrequently surgical intervention may be neces

sary. Patients with laryngeal involvement should be
warned about the need for an urgent tracheostomy
in the event of sudden airway obstruction. Esopha
geal stenosis may necessitate cautious and repeated
dilatation and occasionally a gastrostomy.

In all vesiculobullous diseases, topical therapy is

critical in facilitating the rapid recovery and regen
eration of denuded epithelium. The debris associ
ated with erosive disease also provides a major focus
for infection which can result in septicemia in these
immunocompromised hosts. Recent studies indicate
that the treatment of localized disease with intrale
sional corticosteroids may alleviate the need for
maintenance therapy with oral corticosteroids and
may also improve long-term prognosis. Topical
therapy in the form of high potency aerosprays and
inhalants (Vanceril and Vancenase) are particularly
helpful in achieving high concentrations of topical
corticosteroids in the aerodigestive pathways with
out systemic absorption.

DISCUSSION

The UCLA experience over the past 10 years is

presented in the Table. All diagnoses made during
this interval were confirmed by immunopathology.
Of a total of 393 patients, 58 % presented with bul
lous pemphigoid, 32 % with pemphigus, and only
9 % with cicatricial pemphigoid. It is apparent
that, while the oral cavity was involved in 21 % of
bullous pemphigoid patients, the pharynx, larynx,
and esophagus were spared in this disease. By con

trast, oral cavity involvement was the rule in cica
tricial pemphigoid (81 %) and pemphigus (70 % )
and there was frequent involvement of the pharynx,
larynx, and esophagus in these entities.

Patients with laryngeal and pharyngeal involve
ment in bullous pemphigoid have been described.
In the present series none of the patients with bul
lous pemphigoid had pharyngeal or laryngeal in
volvement. It is possible that those cases diagnosed
as pharyngeal or laryngeal bullous pemphigoid in
the past were actually cicatricial pemphigoid. Cica
tricial pemphigoid usually affects only the mucous

membranes, but skin involvement can occur in
some patients. Increased awareness of cicatricial
pemphigoid should help determine the true inci
dence of involvement of the larynx and pharynx in
this disease and in bullous pemphigoid.

Clinically, any of the three diseases may present
with mucous membrane involvement. Without ocu

lar involvement, which is suggestive of cicatricial

pemphigoid, clinical differentiation between but-
. lous pemphigoid and cicatricial pemphigoid on ini

tial presentation is difficult. Their immunopatholo
gy and histology are also similar. In addition, dif
ferentiation between pemphigus and bullous pem
phigoid in the absence of skin lesions can be dif
ficult. It is occasionally possible to elicit a history of
an indolent course, suggesting pemphigoid, versus a
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more fulminant one, indicative of pemphigus. Biop
sies are necessary for definitive diagnoses. Immuno
fluorescence studies are mandatory.

Important advances have been made in under

standing the etiology and pathogenesis of bullous

pemphigoid and pemphigus;" These studies have
also helped in understanding the processes that re

sult in the formation of blisters. Techniques of elec
tron microscopy, immunofluorescence, and tissue
culture have also contributed to our understanding.

In bullous pemphigoid there is specific binding of
IgG and complement at the BMZ. All classes of im

munoglobulins as well as many components of the
classic and alternative pathways of complement fix
ation have been observed at the BMZ. Eosinophils
migrate into the area and there is concomitant vaso

dilatation. The resulting leakage of protein enhances
local concentration of antibodies and other inflam
matory mediators. The adherence of eosinophils
and neutrophils to the BMZ and subsequent release
of destructive enzymes result in loss of dermoepider
mal adherence and the development of a bulla.
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In contrast, the following sequence of events oc

curs in pemphigus. Pemphigus antibody, produced
by lymphocytes and plasma cells, binds to the anti

gens present on the epidermal cell membrane. The

antibody-binding results in the generation of one or

more protease enzymes, which are released from
the cell surface and activated. The activated en

zymes cause a dissolution of the IeS and a loss of the
cell-to-cell adhesion occurs. This results in acan

tholysis and flaccid intraepidermal bullae.

While several aspects of the immunology of pem
phigoid and pemphigus are relatively well under
stood, several questions remain unanswered. The
most fundamental of these questions regards the eti

ology of antibody production. While genetic predis
position appears to be an important factor in some

pemphigus patients, this is not the case in bullous
pemphigoid. Understanding the disorders in the im

munoregulatory mechanisms involved in these au

toimmune diseases will bring important advances
and help to design specific therapy to correct those
dysfunctions.
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DISCUSSIONS

SIGNIFICANCE AND MEANS BY WHICH LARYNGEAL CANCER INVADES
THYROID CARTILAGE (p 23)

D. F. N. HARRISON, MD, MS

GABRIEL F. TUCKER, JR, MD (Chicago): I think Dr Harrison
said it all. I will hope to restate it in a few words. Charles Norris
and I presented to this audience 100 cases which were 5 years
postsurgical and gave statistics which correlated cartilaginous in

volvement with survival. Dr Don Harrison now has me wonder

ing about such significance.

We can all accept the long-standing idea of anterior com

missure tendon and its relation to partial laryngectomy.

As we look at gross invasion, especially the thyroid cartilage, a

number of tumor behaviors can be illustrated: a) pyriform tumor

traveling anteriorly replacing cartilage within the shell of

perichondrium, b) another pyriform lesion traveling forward out

side and inside the ala without crossing the perichondrium, c) an

anterior subglottic lesion (in saggital section) demonstrating the

proximity of the cricothyroid membrane and node, d) unilateral

subglottic disease traveling via the cricothyroid node to the

pyramidal lobe of the thyroid and then symmetrically within the

thyroid gland, e) posterior endolaryngeal tumor burrowing be
tween the interarytenoideus muscle and the posterior plate of the

cricoid, and f) as Professor Harrison has shown, a lesion extending
between the thyroid and cricoid and eventually entering the ala
after there is gross extension beyond the larynx.

One last puzzle is the phenomenon illustrated here (and in one

of Professor Harrison's slides) in which ipsilateral cartilage is
decalcified and such decalcification is visible on x-ray film
without histological evidence of invasion of the cartilage. I might
(facetiously?) suggest that Professor Harrison consider retitling
this paper "The Nonsignificance (or Insignificance) of Thyroid
Cartilage Invasion," since such invasion may be overread from an

x-ray film wherein the above phenomenon is demonstrated.

J. RYAN CHANDLER, MD (Miami, Fla): I was very pleased to

hear Mr Harrison talk about the significance or the insignificance
of cartilage invasion in the treatment of patients for TJ car

cinomas. It was not the intention of the original staging commit
tee for the staging of head and neck cancer to say that a lesion of
the larynx was a T4 merely because it had cartilage invasion or

destruction. The T4 lesions were lesions that were marginally
surgically resectable. Just because the cartilage has a little cancer

in it, as Mr Harrison pointed out 'so very clearly, is no reason to

upstage the patient into a T4, stage IV lesion. If we tried to

evaluate those patients with computed tomography and treat

those patients with radiotherapy, we are going to get a distorted

point of view with regard to cure rate. If we do that, we as

surgeons are going to be reporting cure rates with total laryngec
tomy, a perfectly good operation, of 40%,50%, and 60% for T4,
stage IV lesions. That is not the way it is, and that was not the

original intent; and I am very glad that Mr Harrison really
pointed that out to us.

PARTIAL LARYNGECTOMY FOR TRANSGLOTTIC CANCER (p 27)
H. F. BILLER, MD; W. LAWSON, MD, DDS

PATHWAYS AND PITFALLS IN PARTIAL LARYNGECTOMY (p 31)
J. A. KIRCHNER, MD

CHARLES M. NORRIS, MD (Philadelphia): Dr Biller's descrip
tions of the indications and techniques for his procedure are quite
clear, and I think any extended comment would scarcely be rele
vant. Certainly the concept and the anatomic basis for the pro
cedure are sound, and the reconstructive technique using the

posterior part of the homolateral thyroid ala has worked well in at

least four of the five cases in restoring protective mechanism. In
the less ambitious types of hemilaryngectomy, it seems that nearly
always the problem of aspiration will be only temporary if one

mobile arytenoid is retained. In many cases the presence of

postoperative edema which slowly subsides during the period of

recovery, and a subsequent tendency for redundant mucosa to

persist in the area where the homolateral arytenoid has been
removed, seem to be mechanisms which favor rehabilitation of

swallowing during the convalescence. During this interval, we,
and I am sure many others, are inclined to use a valved tracheal
cannula so that the larynx and pharynx can be cleared immediate

ly and automatically after each swallow. Many times the valved
cannula is left in place for a considerable period even after the air

way is adequate, just to lessen the possibility of aspiration. It is in-

teresting that Dr Biller used Dr Kirchner's criterion that transglot
tic tumors no larger than 2 ern rarely extend into the thyroid ala.
Dr Kirchner has just shown us some larger ones that did, but up to

this point in Dr Biller's series, tumors of 2 em or less did not ex

tend into the thyroid ala. Applied clinically, this criterion seems

valid. This certainly favors the continuation of the philosophy of
conservation surgery. Drs Biller and Lawson's paper, I think, is a

stimulus to us, and we will hope to encounter cases where this

technique will be applicable.
I think we all recognize that detailed pathologic studies with

clinical correlation give us the best basis for selection of surgical
procedures in cancer of the larynx, and Dr Kirchner in the past

. has given us conclusions from a number of very useful studies; this

paper today is certainly another well-documented example.
With respect to the anterior commissure lesions, I think his

findings are of great interest to us particularly since during the
1940s and from that point on for a couple of decades, many of us

had felt that the anterior commissure tendon might be a route of
extension into the thyroid cartilage. Although Dr Broyles felt that
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this was the case, he did advocate removal of the vertical midpor
tion of the thyroid cartilage in partial laryngectomy for glottic
cancers, a maneuver which was also being done at that same time

by Dr Clerf and later on by Kemler and others.

That the anterior commissure tendon is a barrier might have
been suggested because there was some success even with the old
"anterior commissure technique" used in the 30s and 40s, ie, in
cases where no cartilage was removed. Following a midline divi
sion with the circular saw and separation of the inner perichon
drium of the anterior portion of each thyroid ala, the lesion was

excised with an adequate margin. Some patients with anterior
commissure involvement were cured by this technique, indicating
that clinically the anterior commissure tendon did provide a bar
rier.

A precise delineation of the anterior commissure involvement,
of course, can be very difficult even with the best of imaging and

laryngoscopic techniques; we have found that direct laryngoscopy
with telescopes is especially useful. We use slender Hopkins tele

scopes of both the forward and right-angle types through a Hol

inger laryngoscope. Although with a forward telescope one still
has a somewhat tangential view of the anterior commissure struc

tures, with the right-angle telescope inserted in the posterior com

missure and directed forward, one is looking directly at the
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anterior commissure and the area immediately above and below
it. This maneuver is most satisfactory if there is no endotracheal
tube in place so that neuroleptanalgesia without intubation is or

dinarily preferred.
An example of a case in which telescopic inspection of this type

can be very useful is shown here. This was a radiation failure. The

subglottic component which does not appear deeply infiltrated is
discrete from the more obvious involvement in the anterior com

missure. Despite the fact that this was at the level of the
cricothryoid membrane requiring removal of the cricoid arcus, it
was rather superficial and did not penetrate the cricothyroid
membrane. The margins were clear and there was no recurrence.

In his paper, Dr Kirchner mentioned the matter of the subglot
tic bulge as indicating submucosal extension, and I thought just
for contrast I might show one case in which, although there is a

large bulk of tumor below the cordallevel, the lesion has a rather
sharp lower border without abulge, and this was confirmed on

inspection with the telescope. Here we see a surgical specimen in

which, although there is a large tumor below the anterior com

missure, the margins were clear and there was no recurrence. The
right-angle telescope may also occasionally be useful in determin
ing whether there is actual involvement of the upper cord surface
by lesions of the ventricle or ventricular band.

VOICE PRESERVATION IN PYRIFORM SINUS CARCINOMA
BY HEMICRICOLARYNGOPHARYNGECTOMY (p 36)

Y. P. KRESPI, MD; C. A. SISSON, MD

JOHN A. KIRCHNER MD (New Haven, Conn): I am very happy
that Dr Krespi pointed out that when a pyriform sinus lesion in
volves the apex, it is not a candidate for any kind of partial resec

tion because not only does the upper edge of the cricoid cartilage
become involved, but the cartilage itself becomes infiltrated or

populated by cancer cells, and you just cannot find a margin
around it. I think this was a point worth emphasizing.

DONALD, F. N. HARRISON, MD (London): Another point, of
course, is that the apex of the pyriform sinus in some patients

comes very close to the lateral extent of the ventricle which one

can't gauge, and so these tumors involving the apex are actually
already in the larynx. I think the other point though, and Henry
Shaw is in the audience as well and will probably agree, is that in
these very early lesions of the pyriform fossas, we would expect to

get the same 70 % cure rate with radiotherapy. All ten of the 12
successes had postoperative radiotherapy. We felt that we would
have gotten the same results with an intact larynx with primary
radiotherapy.

VOICE ANALYSIS OF THE PARTIALLY ABLATED LARYNX.
A PRELIMINARY REPORT (p 41)

S. M. BLAUGRUND, MD; W. J. COULD, MD; T. HAJI, MD; J. MELTZER, MD; C. BLOCH, MA; T. BAER, PHD

ERNEST WEYMULLER, JR, MD (Seattle): I would like to ask Dr

Blaugrund if there was any evidence that his last patient had

dysphonia of that sort preoperatively. It looked like a learned

speech abnormality.

STANLEY M. BLAUGRUND, MD: He had a perfectly normal voice
beforehand. What happened was he had an anterior commissure

partial laryngectomy, and the larynx was reconstructed with

bipedicle cervical skin flaps. We were very close to the margins.
He therefore received postoperative radiation therapy, and, I
think he lost his skin flaps and developed marked scarring at the

glottic level. The presumption is that he is voice-compensating
through the use of his arytenoids, which have become hyper
trophic, against the epiglottis. This is an unusual phenomenon.

SELECTING VARIANTS IN PHARYNGEAL RECONSTRUCTION (p 48)
J. P. SHAH, MD; L. SHEMEN, �D; R. H. SPIRO, MD; E. W. STRONG, MD

HENRY SHAW, MD (London): First, I would like to congratulate
Dr Shah and his colleagues on this presentation of the facts

relating to pharyngeal replacement as I am sure most of us see it

these days. I think there is probably little dissent about most of his

paper. In fact, I find very little to dispute and much to applaud.
The effectiveness of available methods of repair is one of the big
gest problems that we deal with in throat cancer, and my con

tribution to this discussion is to perhaps emphasize some points
that he has already made and to insert pne or two others. The first

important observation to make is that in this area there is a high
degree of surgical judgment and skill needed both in planning the

resection as well as in choosing the appropriate repair. To some

extent, the repair can in fact only be determined at the time of

operation and, since this. is the case, both the patient and the

surgical team involved must be prepared for several surgical op
tions. I am glad that the authors have laid emphasis on the quality
of survival, and they have expressed this correctly in the time to

swallow and the time spent in "the hospital. We are, all of us, in

the business of buying acceptable time for patients, and this needs
further emphasis in any discussion on these matters. There are

two other considerations which I would like to emphasize which
were not mentioned. First is the state of nutrition of the patient.
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This, to some extent, we may be able to alter before resecting the
lesion and repairing the defect. Both of these matters have con

siderable relationship to the effectiveness of repair. The second
consideration is one relating to the choice of tissue. I believe firm
ly that replacement of mucosa by mucosa is the most sensible, ef
fective, and useful method for the patient, and, therefore, we

should always try to concentrate our efforts to this end. I think
that the closure of defects by any form of skin is less effective and
perhaps it should be emphasized that we are constantly thinking
of trying to restore speech to some of these patients. In my ex

perience, the restoration of any form of esophageal speech using
skin is almost always a failure and that using mucosa in various

ways can be, at times, effective, and is perhaps in the future more

likely to be so. Much of my own experience with circumferential
repair has been with the use of colon transposition and on the
whole we have been successful in these efforts, but I do agree it
has difficulties. I think that on balance, Dr Shah is correct that in
these repairs the use of the gastric pullup provides a better method
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and is quicker and easier to achieve by most surgical teams. As

regards skin replacement, again with the choice of different
methods that he has given us for such repair in the pharynx, in our

experience the pectoralis major flap again is the best. There are

certain difficulties at times in the raising and placing of the flap,
and these are also related, as I have mentioned, to the nutrition
and the age of the patient. But it does provide the most reliable
and practical method of repair, and it also is the most effective

way of providing safe cover to the carotid vessels. I have very little
else to say except I think it is fair in summary to emphasize what a

long way we have come in the lifetime of many of us from the use

of variants of the Wookie technique with which I certainly
started, and Dr Shah's paper well emphasizes the need today for
the adoption of modern methods of repair that are now available.
I would add that he should be not too modest in claiming the

surgical expertise that he has displayed and the effective methods
which he has expressed to us.

NASOPHARYNGEAL ANGIOFIBROMAS: STAGING AND MANAGEMENT (p 52)
J. R. CHANDLER, MD; R. GOULDING, MD; L. MOSKOWITZ, MD; R. M. QUENCER, MD

STAGING OF CERVICAL LYMPH NODE METASTASIS.
COMPARISON OF TWO SYSTEMS (p 60)

M. E. JOHNS, MD; D. A. NEAL, MD; R. W. CANTRELL, MI?

ELLIOT W. STRONG, MD (New York): Let me first express my
most sincere thanks for the invitation to be with you and to discuss
these two papers, and for the opportunity to review the

manuscripts in advance. I, as did Mr Shaw, have very little to

find controversial, and much, to paraphrase his own words, to

applaud. Dr Chandler and his associates have a well-written

manuscript concisely describing the natural history and implica
tions of the diagnosis of nasopharyngeal angiofibroma. They have
done what most of us have, if not consciously, certainly sub
consciously, and that is attempt to stage the disease based on

clinical and radiographic parameters. They have indicated that
computed tomography with contrast is almost as effective as

arteriography in the assessment of the extent of the disease. I
would have some difficulty in agreeing with their practice of
biopsy of these patients as an outpatient procedure. I presume
those patients are scheduled last in the clinic day. What is the im

pact of formal staging on the treatment of these patients? What
are the implications of its utilization in deciding whether the le
sion is resectable and, if not, what other modalities of therapy will
be employed? How does staging influence the treatment of these

patients in Dr Chandler's hands? To be sure he, like most of us,
has had relatively few patients to treat. His study covers a 20-year
interval with relatively few patients seen in any single year. In our

experience we have yet to see a female patient in whom our

pathologists will accept the diagnosis of nasopharyngeal
angiofibroma after careful review of the histopathologic material.
It has also been our experience, as the manuscript suggests, that
while radiotherapy may not be the treatment of choice, certainly
it has played a very vital role in the management, particularly of
those patients with lesions whose true extent of disease was not

recognized in some of the earlier years, in whom the disease was

not completely removed, and in whom it seemed that the residual
disease was not resectable. Radiotherapy, using both interstitial
and external irradiation was employed with effective control of
the disease in many of those patients, not as a planned adjunct,
but rather as treatment of the recurrent residual disease. It is also
of interest that this tumor is not confined to juveniles. Dr Harrold,
one of my former colleagues, surgically treated a 75-year-old pa
tient with an enormous nasopharyngeal angiofibroma.

Dr Johns's paper is an excellent discussion and an elaboration of
the differences between the UICC and the AJC staging classifica-

tion. I desperately wish I had had the opportunity to review this
manuscript prior to a meeting of representatives of the UICC and
the AJC which I attended in New York last December. It was ex

actly this question about which much of the discussion revolved,
based on impressions rather than on statistically valid data which
Dr Johns and his associates have so nicely demonstrated. A staging
system to be valid has to be reproducible, and the UICC system, I
would submit to you, at least in its N staging, is not reproducible.
It also has to be prognostically valid, because, after all, much of
what we do in staging relates to an estimate of the prognosis. To
be sure, no staging system is permanent; no staging system, at

least in our present stage of knowledge, is perfect, and it must be
one that can be amended. The AJC amended its N stage classifica
tion in 1977 because we felt that the magnitude of nodal disease in
the neck, rather than its mere presence, was of prognostic signifi
cance. Our and other retrospective studies and certainly that of
Dr Johns bears that out. The Europeans have not come to the
same conclusion as yet. This manuscript, which clearly docu
ments the advantages of the AJC over the UICC system, I hope
will facilitate the efforts that are ongoing to combine the two sys
tems and to bring them into a single universally accepted staging
classification system. The improved survival rate of the patients
with N3 disease is interesting, and that was commented on at that
meeting, and I would ask Dr Johns if perhaps it reflects changes in
treatment as opposed to changes in the disease. Certainly, one of
the determinants of prognosis is treatment. And after all, what Dr

Johns has done and what we have all done is to compare the stage
with our treatment results. He did not make reference to an

assessment of the various treatments that were included within
this time interval, and I wonder if changes in treatment policy are

of some significance, particularly in the increased survival rate of
patients with N3 disease.

MICHAEL E. JOHNS, MD: In this paper we have not really looked
. at the possible changes in treatment modality over the time inter

val of this study. We have looked at each one of the sites for treat

ment approach. I do think that our treatments have become more

aggressive over time, and I think that has made a significant dif
ference in survival; but I don't think we can identify the trend in
this study. I don't believe the disease has changed, so improved
survivals compared to historical controls must be due to better
treatment programs.
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PLANNED HIGH DOSE PREOPERATIVE RADIOTHERAPY AND DEFINITIVE
SURGERY FOR CARCINOMA OF THE SUPRAGLOTTIC LARYNX (p 115)

H. M. TUCKER, MD; H. LEVINE, MD� B. G. WOOD, MD; P. LAVERTU, MD; F. J. THOMAS, MD

JOSEPH L. GOLDMAN, MD (New York): For two reasons Dr

Harvey Tucker is deserving of special commendation for the
report he has just given us: 1) for his personal professional courage
to undertake a study of high dose preoperative radiation and

surgery for treatment of carcinoma of the supraglottic larynx to

improve survival rates in a climate where there was so much in
terest and effort expended for induction chemotherapy and
postoperative radiation, and 2) for producing a study of high
quality from a single institution of high repute with preoperative
radiotherapy and surgery carefully and precisely supervised and
administered by the physicians directly involved in the study. His
survival rates of a high order are the product of an investigation
under such conditions. I was unaware that Dr Tucker was under

taking a study following the protocol introduced by me in 1958.
However, this study assumes a significant place in the history of
this subject because it constitutes an important historic control
with similar favorable results following the same protocol.

My interest in the subject of improving the survival of patients
suffering from cancer of the larynx and laryngopharynx prompted
me to visit Professor Luigi Pietrantoni in Milan in 1956. I learned
that in his very large series and Leroux-Robert's large series of
cases, which he discussed with me,

.

large doses of postoperative
radiation did not improve survival rates, nor did the sandwich
method of small doses given preoperatively and postoperatively.
Considering how well these studies were supervised and con

trolled, I accepted them as valid historic controls. I also accepted
the fact that 250 Kv produced essentially the same cancerocidal
effect as modern megavoltage. This led me to the method of high
dose preoperative radiation. From our exposure to Harris and
Kramer's study of treating carcinoma of the larynx and laryngo
pharynx by radiation alone, Dr Sidney Silverstone, Clinical Pro
fessor of Radiotherapy at Mount Sinai Medical Center, and I were

confident that high dose preoperative radiation would not in
terfere with surgery. Today this is an accepted fact.

During the past decade the method which Dr Tucker has pre
sented and which I used from 1958 to 1972 was pushed into the
background, to say the least, by the method of induction
chemotherapy, surgery, and postoperative radiation. I accept the

opinion that this method deserved an investigative trial. I would
like to take this opportunity to acknowledge the courtesy showed
me by the Cancer Therapy Evaluation Program of the National
Cancer Institute in revealing their results to me and permitting
me to be present at two of their study sessions. In a word, the
results of this method have fallen short of hopes and expectations.

The biologic facts are that both radiation and chemotherapy
are most effective for a local cancer when given preoperatively,
that is, when the blood supply is normal and not compromised by
surgery. Thus, if chemotherapy is to be considered for in

vestigative study, it should be administered together with
radiotherapy before surgery. Postoperative chemotherapy should
be reserved for prevention and treatment of metastasis. I com

municated this suggestion to the program at their request 2 years
ago and I know that both radiotherapy and chemotherapy have
been tried preoperatively.

The other phase of this issue which deserves special discussion is
the concept which was developed from one study, the concept be
ing that preoperative and postoperative radiation produces the
same results, the study being the one conducted by Snow et al,
highly respected individuals. It should be pointed out that 17 in
stitutions and 41 surgeons were involved in this study. Great em

phasis has been placed on the fact that this investigation was a

multiinstitutional, randomized study and that only this type of

study yields the correct answers or figures. This may be true in the
study of a drug, vaccine, or one-phase problem such as laser treat

ment of retinal hemorrhage; but in this kind of multifaceted
surgical problem, such a study is subject to the capricious
mathematics involved with so many institutions and surgeons. In

any event, . both preoperative and postoperative results were

poorer than those obtained by Dr Tucker and me.

All of which brings me back to Dr Tucker's historic control. We
both used the same method, to a very large extent. In Dr Tucker's
series, 4,500 rad were administered to both sides of the neck; in

my series, 5,500 rad. I believe that preoperative radiation of in
volved lymph nodes plays a major role in the success achieved. Dr
Tucker's patients were treated by supraglottic laryngectomy and
neck dissection, mine by laryngectomy and neck dissection. It is
true that we had cases with advanced glottic involvement. More

importantly, each study was carried out in practically the same

way in both institutions with the same kind of radiotherapy and

supervision. I am trying to point out the factors which I believe
are responsible for the good results obtained. Success depends on

the execution of many technical details which have to be constant
and carried out by a very limited number of individuals. For ex

ample, the removal of a larynx with a safe margin after the ad
ministration of 5,500 rad can be a tricky maneuver which re

quires complete understanding of the anatomy and pathology
before and after radiation. This part of the surgical procedure un

doubtedly affects survival rates.

Lundberg et al, in their paper "Radiotherapy - Before or

After Surgery," gave as their main argument for postoperative
radiation that immediate postoperative radiation therapy is effec
tive in eliminating subclinical disease at the surgical margins. It is

interesting that Dr Tucker had no local recurrences responsible
for death, and I believe the same can be said for our series. It is
also interesting that their main argument in favor of preoperative
radiation is that no interference with blood supply -has occurred.

It is obvious that I am taking the position of favoring historic
controls for studies of this type. I believe that historic controls
conducted by competent and skilled individuals at single high
level institutions are much more reliable and valid than multi
institutional randomized studies. Time available only permits me

to tell you that I have been helped to arrive at this point of view
because of the work and opinions of such distinguished in

vestigators as Friedreich and Geban of M. D. Anderson Hospital;
Lucien Israel, the famous French oncologist; Morton Lacher;
Richard Cooper; and others. It has been stated repeatedly that
multiinstitutional, randomized studies yield the lowest common

denominator and false positives and negatives. Historic controls,
on the other hand, yield the highest common denominator.

In the introduction to his book Clinical Interpretation and
Practice oj Cancer Chemotherapy, Ezra Greenspan, an eminent

pioneer in the field of chemotherapy, speaks in favor of historic
controls as against multiinstitutional randomized studies. He con

cludes that "a marked acceleration of better treatment concepts
will be achieved from the diversity of agents available today when
the consecutive results of the first investigator are confirmed by a

second investigator at another institution in small unrandomized

retrospective studies of narrow, well-defined clinical cohorts." In
all fairness, one has to admit that there are two points of view.

And also in fairness one has to at least cogitate over the fact that
favorable survival rates have been achieved with preoperative
radiation in advanced carcinoma of the larynx and laryngophar
ynx in different hands.
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TRACHEOTOMY VERSUS INTUBATION. A 19TH CENTURY CONTROVERSY (p 63)
P. W. ALBERTI, MB, PHD, FRCS(C)

ANESTHESIA FOR LARYNGOSCOPY (p 68)
B. BENJAMIN, FRACS

FLEXIBLE NONTOXIC' FIBEROPTIC DELIVERY SYSTEM FOR THE CARBON
DIOXIDE LASER (p 119)

M. RONTAL, MD; T. FULLER, PHD; E. RONTAL, MD; H. J. JACOB, MD

M. STUART STRONG, MD (Boston): I would like to thank Dr
Alberti for his elegant historical review of tracheostomy or in

tubation, and Dr Benjamin for bringing to us his excellent presen
tation on anesthesia for laryngoscopy. I am so pleased that he

placed such emphasis on the need for cooperation and under

standing between the anesthesiologist and the surgeon; in my
mind, once this has been achieved, the best technique for the pa
tient becomes self-evident.

I concur with Dr Benjamin's list of prerequisites for perfection,
but I would like to include the following: absolute lack of motion,
lack of noise, opportunity for irrigation and supervital staining,
opportunity for orderly control of hemorrhage, and wide separa
tion' of the cords when working in the anterior commissure.

I have no problem with Dr Benjamin's recommendations
because I have seen him demonstrate them; furthermore, these

techniques have worked well for me as well.

However, I believe that a small bore cuffed intratracheal tube
is desirable in the following situations: in the presence of an

obstructive mass, in the high risk patient with a compromised
myocardium, in the difficult patient whose direct laryngoscopy
gives marginal exposure, in the patient where staining and irriga
tion are needed, and where excisional biopsy is optimal.

I would suggest, therefore, that we should include all of these

techniques in our repertoire and select the one that best fits the
needs of the patient.

Lastly, I would like to congratulate Dr Rontal and his col-

leagues for their significant breakthrough in having developed a

fiber that will transmit not only the CO2 laser wave length, but
the neodymium:YAG laser and visible light. The need for such a

device was recognized by us in 1973, but unfortunately, the
"heavyweights" in the industry were not interested in developing
such a fiber. The introduction of the thallium salt fiber was men

tioned, but unfortunately, the project got nowhere because of the

toxicity of thallium and the prohibitive cost of the fiber.

The fibers are likely to be more than adequate for endoscopic
applications; they are long enough (greater than 1 m), flexible

enough and small enough (less than 1.25 mm) to be used in the
flexible and rigid endoscopes.

I do have some questions regarding the evidence of lack of tox

icity and the plans of the authors to develop an outer sleeve to pro
vide a flow of oxygen or air to keep the distal window or lens
clean. Hopefully, the questions can be answered at another time.

I believe these fibers will be of particular value in the
tracheobronchial tree where the neodymium-YAG laser is ideal
for coagulating a vascular tumor, and the CO2 laser is ideal for

ablating the lesion. I suspect that it will be useful in the esophagus
where it will be used through their fiberscope. In the larynx, it
will be of value in the "difficult or near impossible" patient where
direct laryngoscopy cannot be achieved; and in the nose, it will
extend the range of the CO2 laser in the management of

hereditary telangiectasia.
In summary, I would like to congratulate Dr Rontal and his

team for having solved a very difficult problem.

SELECTIVE REINNERVATION OF VOCAL CORD ADDUCTORS IN UNILATERAL
VOCAL CORD PARALYSIS (p 81)

R. L. CRUMLEY, MD

RICHARD R. GACEK, MD (Syracuse, NY): This presentation by
Dr Crumley is another attempt to study laryngeal reinnervation
in the laboratory anim al (dog) . He has used a method of

anastomosing various other motor neuron systems into the
isolated abductor and adductor branches of the recurrent

laryngeal nerve in order to provide innervation to either the ab
ductor muscle, the posterior cricoarytenoid muscle, or the adduc
tor muscles of the vocal cord. These extraneous sources of motor

axons are selected to utilize a system that fires synchronously with
the desired inspiratory or phonatory action of the larynx. Unfor
tunately these laboratory studies dealing with laryngeal reinner
vation have produced inconsistent results, probably because of
our lack of knowledge about nerve-muscle relationships that need
to be studied before successful reinnervation procedures can be

designed. Knowledge of the basic events occurring in denervated
muscle and its components such as the motor end-plates must be
available to guide the proper timing and placement of a motor

neuron supply to reinnervate the paralyzed muscle. Until such
basic information is available, experiments of this type' are des
tined to produced inconclusive results.

The title of this research report does not accurately reflect what
is being attempted. "Selective reinnervation of laryngeal abduc
tors and adductors" means that the functions of glottic abduction

and adduction should be demonstrated in coordination with in

spiration and phonation respectively. What really has been ac

complished in this experiment has been a "directed reinnervation"
of the laryngeal muscles. Furthermore, muscle activity in the ab
ductor muscle provoked with inspiration and adductor muscle ac

tivity in phonation must be demonstrated with objective criteria.

Subjective assessment by photographic means is not reliable,
especially with a functional contralateral hemilarynx. The objec
tive evidence may be electromyographic recording of electrical

activity, or morphological examples ofaxons innervating motor

end-plates, or histochemical profiles of the reinnervated muscle
demonstrating fiber-type grouping.

What is most impressive about this study is not the positive
.

results obtained with the directed reinnervation but the frequency
of negative results. Only four of nine animals showed abduction

following stimulation of the phrenic nerve graft in the experiment
where the phrenic nerve was anastomosed to the abductor branch
of the recurrent laryngeal nerve supplying the posterior cricoary
tenoid muscle. Since directed regeneration ofaxons should occur

to some degree in all such anastomoses, the fact that no activity of
the muscle was obtained in more than 50 % of the animals is a sur

prising result and suggests that some other phenomenon has
prevented the regenerating axons from reaching the motor end-



plates. For example, in other motor nerves, eg, facial nerve, some

evidence of regeneration ofaxons across free cable grafts or
. anastomosis with another nerve (XII) occurs with very high
(90 %) frequency. The significance of these negative findings and
a demonstration of the need for well-controlled, precisely
measured answers to basic questions dealing with the denervated
muscle is illustrated by Dr Stephen Schell's study from our

laboratory. He has demonstrated in the denervated posterior
cricoarytenoid muscle of the cat that, after an initial period of
degeneration, during the first 2 to 3 weeks of denervation, the
muscle suddenly becomes reorganized at the Lmonth interval
and assumes the morphological picture of a reinnervated muscle.
Spontaneous reinnervation by a nearby foreign neural source (un
myelinated fibers supplying blood vessels, glands, etc) is a possible
explanation for this fascinating phenomenon. The significance of
this observation in the question of reinnervation of a denervated
muscle is that the spontaneous reinnervation of the muscle has oc

cupied a significant number of the vacated motor end-plates, thus
preventing or decreasing the chances for successful planned rein-
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nervation at intervals of longer than 4 weeks following denerva
tion. It may explain the unsuccessful attempts of Dr Crumley and
others to reinnervate the denervated posterior cricoarytenoid
muscle with a motor neuron such as the phrenic nerve 8 weeks
after denervation. Such findings must be taken into account and
be used as guides to plan not only the source of reinnervation but
the timing of the reinnervation procedure.

ROBERT B. LEWY, MD (Chicago): To clear what may be
misunderstandings: 1) we do not inject the edge of the vocal
cords; and 2) using Teflon injections of the vocal cords, unlike the
group in California, I have always insisted, whether the pro
cedure be done by a resident or myself, that it be done under
direct laryngoscopy and not under indirect laryngoscopy. Preci
sion is everything. In a series of 251 cases to date, we have what I
think would be counted as a 90 % success rate. This specifically in
cludes some ministers, professors, librarians, and at least one

singer who continued to chant his liturgy until he went to his final
reward at age 86.

EVALUATION AND TREATMENT OF RECURRENT SPASTICITY AFTER
RECURRENT LARYNGEAL NERVE SECTION. A PRELIMINARY REPORT (p 73)

H. H. DEDO, MD; K. IZDEBSKI, PHD

HUGH BILLER, MD (New York): This paper gives more insight
into the problem. I would like to ask Dr Dedo a few questions
regarding the failures of treatment. One, does lateralization of the
vocal cord with a suture in the severe cases have any place rather
than just making a trough and not lateralizing it? Two, does sec

tion of the superior nerve make a difference in these patients?
Three, after the section fails, does voice therapy have any place?

HERBERT H. DEDO, MD (San Francisco): I am sorry, but it will
be difficult to answer the first question because one creates a cleft
in the vocal cord in order to lateralize it.

DR BILLJ;:R: Rather than your thinning procedure, or along
with the thinning procedure in the severe patient, is lateralization
of the vocal cord with a suture of any value?

DR DEDO: No, suturing doesn't give as good results. When you
remove the tissue from the vocal cord, it is like a reverse Teflon in

jection; instead of adding bulk to the vocal cord, you are remov

ing bulk from the vocal cord. You end up with a groove down the
center of the vocal cord; both of the sides are raw. When the raw

surfaces on each side of that cleft heal together, they automatical
ly pull the free edge of the cord laterally. The superior laryngeal
nerve section was done initially in two of our mild spastic dys-

phonia patients to see if we could do that operation instead of the
recurrent laryngeal section, and it didn't have an audible effect on

the voice. The trouble is you then have to do a recurrent laryngeal
nerve resection and the full vocal cord ends up more lateral than

you want. Superior laryngeal nerve section also has been ineffective
with recurrent spasticity after recurrent laryngeal nerve section.

DR BILLER: What about your failures?

DR DEDO: I know of two patients on whom the recurrent la

ryngeal nerve section was done but it did not cause an audible

change in the voice; so the vocal cord thinning had to be done. It
is our feeling that voice therapy alone for spastic dysphonia has
been unsatisfactory and unreliable, and I only know of two tapes
that I heard in which the person achieved clearance. However,
after a recurrent laryngeal nerve resection, voice therapy is im

portant in achieving the best possible result. I know another cen

ter where several dozen recurrent laryngeal nerve sections were

done. At first, voice therapy was not used; when it was started,
better results were achieved, in their opinion. Primary resection
does not return the voice to normal. In the majority of patients,
the voice has a reduced maximum volume and slight breathiness.
Initially, it has some huskiness and dysphonia; these last two voice

qualities tend to disappear in 6 weeks to 3 months.

LARYNGEAL TRAUMA: SEPARATION OF THE CRICOID
CARTILAGE AND TRACHEA (p 129)

J. N. HICKS, MD; M. A. GOODSON, MD

BLUNT CHEST TRAUMA WITH TRACHEOBRONCHIAL RUPTURE (p 87)
L. W. PRATT, MD; R. J. SMITH, MI); L. A. GUlTE, JR, MD; J. F. TRYZELAAR, MD

PENETRATING INJURIES OF THE LARYNX (p 123)
F. E. LUCENTE, MD; M. MITRANI, MD; S. H. SACHS, MD; H. F. BILLER, MD

WILLIAM W. MONTGOMERY, MD (Boston): Dr Hicks is certainly
correct in stating that blunt trauma of the larynx is usually
directed to the cricothyroid complex. Cricotracheal separation
has not been too uncommon in my experience. Subcutaneous em

physema was not mentioned when discussing the physical find

ings or describing the x-ray studies in this case. Was this present?
Rather than 3-0 chromic catgut suture and 24-gauge wire sutures,

I prefer 3-0 Dexon or Vicryl suture material for repair of this
defect. I think the incidence of complications is markedly reduced

by using these suture materials, and using aT-tube stent for a

period of 3 to 5 weeks only. This is a very unusual case in that the

patient did not have an immediate change in his airway or vocal
function and did not have hemoptysis. As is usual with this injury,
there was bilateral vocal cord paralysis. I certainly commend Dr
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Hicks for his persistence with therapy and the fine end result.

Dr Loring Pratt's paper is well written and illustrated. I have

nothing to add to his paper and advise that it be carefully read
when published for it presents excellent detail concerned with the

diagnosis and management of tracheobronchial rupture.

The paper by Dr Lucente et al is also very well written. A series
of 17 patients with penetrating wounds of the laryngotracheal
complex in a hospital during an ll-year-period is impressive. A
series of 12 cases of stab wounds, ten of which were self-inflicted,
and five gunshot wounds of the laryngotracheal complex all end

ing with normal airways, and hoarseness in only one case, stimu
lates me to ask a number of questions. Is there a high incidence of

despondence among people of this area? If nine patients received
minor injuries, why were 16 tracheotomies necessary? The pa
tients with gunshot wounds were either very fortunate or the

marksmanship associated with the injury was quite poor. I have
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treated a rather large number of gunshot wounds in my day, and

many of the patients died. Most of them required extensive
reconstruction procedures before they recovered sufficiently to en

joy an adequate airway and even a serviceable voice.

The discussion of the management of these injuries is quite
good. The computed tomography topograph, which is a lateral
view of the larynx and trachea, gives an excellent assessment of
the injury. Its quality surpasses the xeroradiograph. It is best to

explore early when indicated and use intravenous antibiotics. I do
not agree with the concept of performing supraglottic subtotal

laryngectomy for severe injury to this area and advocate the

laryngeal inlet procedure which I have presented in the literature.
It is pointless to repair the recurrent laryngeal nerves. Even if the
function returns, the synkinesis between the adductors and ab
ductors will prevent any improvement in the vocal function or

airway. I have not found skin grafting to be of value in acute in

juries to the larynx and the trachea.

ESOPHAGEAL BURNS SECONDARY TO DISC BATTERY INGESTION (p 94)
M. D. MAVES, MD; J. S. CARITHERS, MD; H. G. BIRCK, MD

CARBON DIOXIDE LASER IN SUBGLOTTIC HEMANGIOMA. AN UPDATE (p 100)
G. HEALY, MD; T. MCGILL, MD; E. M. FRIEDMAN, MD

BLAIR FEARON, MD (Toronto, Canada): The paper by Dr
Maves et al is an excellent research study on the effects of these
disk batteries on the esophagus. The research work was carried
out in a superb manner, and in particular, shows how rapidly the
disk battery penetrates esophageal mucosa; the battery should be
removed as soon as possible, as Dr Maves mentioned in his dis
course. The treatment protocol is a very good one and is worth

following. One comment about the treatment of corrosives in

general - that is to avoid the use of nasogastric tubes in the dam

aged esophagus. In our experience, the nasogastric tube has only
compounded the esophageal damage. Better that the patient is
treated by intravenous therapy or, if necessary, by a gastrostomy
should the esophageal damage be extensive.

I must congratulate Drs Healy, McGill and Friedman on a su

perb piece of research work, and I feel rather humble in discuss

ing the series in view of the enormous number of cases they have
in their management. As usual, Dr Healy presented this in a very
elegant manner, and the illustrations are superb. We have been

dealing with the problem for a matter of 30 years or so, and we

appreciate the difficulties that Dr Healy mentioned. Prior to Dr

Healy's first use of the CO2 laser, our method of management was

the use of high dosage radiation therapy which was quite suc

cessful, but nonetheless had the potential of causing problems
later on in the child's life. We also, and Dr Healy did make a

point of it, invariably biopsy the subglottic hemangioma. Con-

trary to popular opinion, the patients do not bleed because the
fibrous stroma is such that bleeding is not a problem, and I think
it is important to make the definitive diagnosis even though the

appearance of the lesion is pretty typical. Our management of
subglottic hemangiomas is essentially the same now using the CO2
laser. Our only point of disagreement is in the method of anesthe
sia. Actually, this is just an illustration of the block we use for

microlaryngoscopy in general, and this can be shaped to suit the
size of the patient. Our method of anesthesia is the insufflation
method described earlier by Dr Benjamin in which we use a la
ryngoscope designed by us which has been improved upon by Dr

Healy, using the anesthetic attachment on the proximal end of the
scope. The patient is self-insufflating during the course of the laser
surgery. For those who worry about the noxious fumes from the
anesthetic gases during bronchoscopy, a simple way of scavenging
the gas may be shown. This is simply a Somer's T-piece on the
proximal end of the bronchoscope with a negative pressure suc

tion on the extension of the T-piece; this very effectively and
satisfactorily eliminates the anesthetic gas from going into the
room. Finally, I agree wholeheartedly with Dr Healy about the
inadvisability of using the CO2 laser for supraglottic hemangioma
lesions. Not only is it ineffective but, because of the extensive

bleeding, potentially dangerous. These lesions can be treated very
nicely, though, with a cryoprobe and, therefore, any obstructive
element of the .lesion can be completely eliminated by the
cryosurgery.
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COSTA F. DOHLMAN
1890-1983

We were saddened to learn of the passing on

April 5, 1983, of one of the world's most eminent

otolaryngologists.
Born in Stockholm, Sweden, in 1890, Professor

Dohlman obtained his basic medical education at

the Karolinska Institute and specialized in otolaryn
gology at the University of Uppsala where he also
received scientific training under the guidance of
the Nobel Laureate Professor Robert Barany. In
1938 he became the first Professor of Otology and

Laryngology in Lund. On retirement in 1956, he
was appointed Professor Emeritus and continued
his research zealously in London at the Institute of

Laryngology and Otology and spent several months

working in Caracas, Venezuela. Then followed al
most 20 years of research in North America, where
he remained until retirement in 1973.

My own association with Professor Dohlman be

gan with an introduction in 1938 by the late Dr
William McNally when Dohlman lectured at the
Montreal Neurological Institute at the invitation of
Dr Wilde Penfield.

When Professor Dohlman moved to North Ameri
ca he continued his research first at the National In
stitutes of Health in Bethesda, Maryland, and sub-

sequently at the University of Toronto through as

sistance provided by the Medical Research Council,
the National Institutes of Health, the Ministry of
Health for Ontario, and by the Defence and Civil
Institute of Environment Medicine.

His appointment as a visiting professor at the
University of Toronto was arranged by the late Pro
fessor Percy Ireland and later was continued by Pro
fessor Douglas Bryce enabling Dohlman to spend
many fruitful years in research and lecturing. Dur

ing his later years, Costa Dohlman and his wife,
Ebba, spent their winters in Florida, but always
returned in summer to their beloved home on an

island in Smaland, Sweden, where he enjoyed such
diversified interests as painting, iron-smithing, and
writing. In this way, Professor Dohlman spent ac

tive years until his death at the age of 92.

Professor Dohlman's research accomplishments
were monumental and in 1968 he was awarded the
Barany gold medal.

I had the pleasure of collaborating with him by
publishing findings which established the etiology
of sudden attacks of dizziness in Meniere's disease a

disorder which we were able to duplicate by animal
experiments. These involved controlled release of
potassium from the endolymph of the semicircular
canals into the perilymphatic space thereby induc
ing vertigo and nystagmus in monkeys. Professor
Dohlman continued his research of labyrinthine
function, utilizing the electron microscope to clarify
the cellular metabolic roles of the different micro
structures of the inner ear. The diversity of his re

search achievements is exemplified by over 200 pub
lications involving both cellular physiology and ap
plied clinical aspects of otolaryngology. Professor
Dohlman was a skilled surgeon and developed an

improved operative technique for surgical repair of
esophageal diverticulum (the "Dohlman procedure").

As late as 1981 he presented a summary of revolu

tionary new theories about the physiologic func
tions of the inner ear published as a supplement of
the Acta Otolaryngologica. Textbooks not yet
published include several chapters written by Pro
fessor Dohlman during his "retirement."

Professor Dohlman was blessed with good health
and was a superb gentleman in every way. His at

tention to the maintenance of a healthy mind and
body undoubtedly contrihuted to his scientific pro
ductivity. While in Toronto, for example, where he
and his charming wife, Ebba, lived on the 18th
floor of an apartment building, Professor Dohl-
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man's daily exercise included walking up 18 flights
of stairs once and sometimes twice a day.

Costa Dohlman's achievements as a physician,
educator, and scientist will remain with us and he
will long be remembered by his many friends and

colleagues throughout the world.

ROBERT L. GOODALE
1895-1983

Robert Lincoln Goodale, MD, was born August
2, 1895, and died August 11, 1983, at the age of 88.
He was the son of Dr Joseph L. Goodale, also an

outstanding otolaryngologist. Dr Goodale lived in
Boston and Ipswich, Massachusetts, and with his
wife, Susan, spent the last 20 years of his life in their
ancestral home in Ipswich, which was built in 1669.

Dr Goodale graduated from Harvard College in
1918 and Harvard Medical School in 1923. His in

ternship was at the Boston Children's Hospital in
1925 and his residency was at the Massachusetts
Charitable Eye and Ear Infirmary in 1926. He was

distinguished for his services as a first lieutenant in
the armed forces in World War I and served as divi
sion surgeon with the rank of Colonel in the Massa-
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Professor Emeritus Dohlman leaves his wife, Eb

ba, a daughter, Agneta Smith, a sister, Mrs Gunhild

Gavle, and a son, Dr Claes-Henrick Dohlman, Chief
of Ophthalmology, Massachusetts Eye and Ear In

firmary, and Professor and Chief of Ophthalmolo
gy, Harvard Medical School.

W.H.J.

chusetts National Guard during World War II. He
was a surgeon at the Massachusetts Eye and Ear In

firmary in Boston from 1926 to 1955, became a full

professor in 1956, and retired in 1960.

He was a member of the American Medical Asso

ciation, Massachusetts Medical Society, Suffolk Dis

trict Medical Society, New England Otolaryngolog
ical Society (president, 1950), American Academy
of Ophthalmology and Otolaryngology, American

Triological Society, American Laryngological Asso
ciation (vice-president, 1955), and American Coun

cil of Otolaryngology. He served on the editorial
boards of the Archives of Otolaryngology from 1946

to 1962 and the New England Journal of Medicine.

Dr Goodale was a member of the Harvard Club
of Boston, the Aesculapian Club of the Harvard
Medical School, the Harvard Traveler's Club, the
Phi Eta Speaker's Club at Harvard and the New

England Historical Genealogical Society.

Dr Goodale was a soft-spoken gentleman who
was my mentor as a resident at the Massachusetts

Eye and Ear Infirmary. He spent endless hours

teaching me the fundamentals of both medical and

surgical otolaryngology. He was also a well-known
horticulturist and genealogist. As a member of the

Ipswich Conservation Commission he was instru
mental in developing the Open Space Plan and the
Dune Restoration Project. He was a long-standing
trustee of the Massachusetts Horticultural Society.

Dr Goodale was a most compassionate, thought
ful person with an unbounded interest in everything
about him and a passion for all living things, in

cluding the wild animals about his Ipswich home.

A memorial service was held for Robert L. Good
ale on September 17, 1983, at the Ascension Mem
orial Church. He is survived by his wife Susan,
three daughters, Jane Goodale, Susan B. Hay, Mary
B. Crowther, and a son, Dr Robert L. Goodale.

W.W.M.



WILLIAM JAMES McNALLY
1897-1983

"The tumult and the shouting dies; the captains
and the kings depart ....

" On November 24, 1983,
William James McNally, Doctor of Medicine, Doc
tor of Science, Doctor of Law, Knight of Saint

Gregory the Great, and Professor Emeritus of Oto

laryngology, McGill University, died.

His involvement with the American Laryngologi
cal Association encompassed more than half a cen

tury. He became a Fellow in 1931, was the recipient
of the Newcomb Award in 1952, President in 1959
and Guest of Honor in 1967, and became an Emeri
tus Fellow in 1970.

He had a most distinguished career. He was born
in Bryson, Quebec, Canada, on December 27,
1897; graduated in medicine from Dalhousie Uni

versity in 1922; and was associated with McGill

University in Montreal throughout his professional
life. He was first appointed to McGill University in
1926. For the next 50 years he continually enhanced
the reputation and standards in otolaryngology on a

regional, national, and international level. In 1976
he became Emeritus Professor in Otolaryngology.
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During his career Dr McNally held many posi
tions of trust and was the recipient of numerous na

tional and international awards, prizes, and hon

orary memberships in medical societies. He had an

enviable record for being president, guest of honor,
and recipient of honor awards from most of the
Canadian and American societies in our specialty
and from the Royal Society of Medicine, London.

His research on the vestibular system, which was
originally carried out in association with Professor
John Tait in the Department of Physiology at Me
Gill University during the 1920s, is classic. This re

search on the mechanisms of labyrinthine stimula
tion in the frog did much-to clarify the physiology of
the human labyrinth. In 1934 he received a Doctor
ate of Science from McGill University for this work.

Doctor McNally contributed a tremendous
amount of his time to teaching. He took an active
interest in the training programs of the Royal Col
lege of Physicians and Surgeons of Canada and of
the American Academy of Ophthalmology and Oto

laryngology. He gave courses for many years at the
American Academy meetings and served on Cana
dian and American boards of certification in otolar
yngology.

He was Professor and Chairman of the Depart
ment of Otolaryngology at McGill University and
Otolaryngologist-in-Chief at the Royal Victoria

Hospital from 1950 until 1964. During this period
he established the Institute of Otolaryngology,
Royal Victoria Hospital and McGill University, and
the School of Human Communication Disorders at
McGill University. In 1951 he originated the in

tegrated residency training program in otolaryngol
ogy at McGill University.

Doctor McNally was devoted to his religion, his

family, and to his profession. He will long be re

membered by those who had the privilege of his

friendship, by his patients who had the benefit of
his expertise, and for what he achieved during his
lifetime.

He was predeceased by his first wife, Harriet Pur

cell, and is survived by his son Herbert, daughter
Anne, his grandchildren, and his second wife, An
drea Hingston Dolan.

J.D.B.
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JOSEPH H. OGURA
1915-1983

Joseph H. Ogura, MD, died on April 14, 1983,
after a brief illness.

Joe Ogura was born in San Francisco in 1915. He
attended the University of California as an under
graduate and received his MD degree from that in
stitution in 1941. He was an excellent medical stu

dent and was a member of the Alpha Omega Alpha
Society. Following graduation he completed 2 years
of residency each in pathology and in internal medi
cine. In 1945 he began his otolaryngology residency
at Barnes Hospital in St Louis. He decided to re

main in academic otolaryngology following com

pletion of the residency in 1948. He became instruc
tor in otolaryngology in 1948, Professor of Otolar
yngology in 1960, and chairman of the department
in 1966.

In 1968 Dr Theo Walsh indicated that he always
knew Joe Ogura would be successful. He said that
Joe had drive, integrity, was inquisitive, and had
the intelligence to solve clinical problems. Dr

Ogura demonstrated early in his career that he had
revolutionary ideas. He recognized that otolaryn
gology was more than ear, nose, and throat; and
with Dr Walsh's support, began to interrupt the
traditional boundaries of otolaryngology in the area

of head and neck surgery.

Joe Ogura was self-taught. He observed James
Barrett Brown, the famous plastic surgeon, who
was nationally recognized as a head and neck tumor
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specialist and who had performed the majority of
head and neck surgery at Barnes Hospital. After
observing Dr Brown a number of times in the per
formance of radical neck dissections, Joe Ogura dId
his first neck dissection. Subsequently, he improved
on the techniques which he had observed. Through
out his surgical career he was thoughtful, innova
tive, and a master technician. Early in his career he
recognized that clinical problems were best initially
solved in the laboratory and then transferred to the
clinical situation. This concept that research im

proved the treatment of patients was always fore
most in his thoughts and teaching. He spent long
hours in the laboratory. He perfected his ideas in
the animal laboratory and then utilized these new

approaches in humans when an innovative ap
proach was required to benefit the patient. These
were not serendipitous events, but the products of
an imaginative mind and a tireless, meticulous
worker.

His contributions to otolaryngology were many.
These included the demonstration that the upper
respiratory tract influenced the physiology of the
lower respiratory tract, the preservation of laryn
geal function following tumor resection or trauma,
and the surgical treatment of endocrine exophthal
mus. He was granted many honors and awards as a

result of his scientific and patient-care contribu
tions. The American Laryngological Association
honored him on four occasions. He received the
Newcomb Award for distinguished accomplish
ments in laryngeal research in 1967, the Casselberry
Award for research in nasal pulmonary mechanics
in 1968, the Presidency of the Association in 1975,
and the De Roaldes Gold Medal in 1979.

Everyone who knew Joe Ogura was aware that
he had that singular drive which motivated him to

pursue improvements in patient care. His loving
wife, Ruth, daughter, Susan, a nurse in Indianapo
lis, and sons, John, a physician in Dallas, and Peter,
a lawyer inSan Francisco, recognized this drive and

supported him in his activities. His family was very
important to him, and Ruth Ogura shared his pro
blems and gave him advice, reassurance, and love.

Joe Ogura excelled not only in research and pa
tient care but he also developed a superior training
program in otolaryngology.

We in this Association recognize Joe Ogura's
great contributions. He has taught us all, through
the printed page, by lectures, by off-the-cuff con

sultations, over the telephone, or by visiting him in
St Louis. We, today, quote his word and utilize the

techniques he developed. We will miss this man.

H.F.B.



OFFICERS 1879-1983

Presidents

1879 Louis Elsberg 1913 Thomas Hubbard 1950 Gordon B. New
1880 J. Solis-Cohen 1914 Alexander W. MacCoy 1951 H. Marshall Taylor
1881 F. 1. Knight 1915 G. Hudson Makuen 1952 Louis H. Clerf

�882 G. M. Lefferts 1916 Joseph L. Goodale /1953 Gordon F. Harkness
1883 F. H. Bosworth 1917 Thomas H. Halstead 1954 Henry B. Orton
1884 E. L. Shurly 1918 Cornelius G. Coakley 1955 Bernard J. McMahon

/"j"885 Harrison Allen 1919 Norval H. Pierce- "i956 LeRoy A. Schall •

1886 E. Fletcher Ingals 1920 Harris P. Mosher 1957'. Harry P. Schenck

1887 R. P. Lincoln 1921 Harmon Smith 1958 Fred W. Dixon

1888 E. C. Morgan 1922 Emil Mayer 1959 William J. McNally
1889 J. N. Mackenzie 1923 J. Payson Clark 1960 Edwin N. Broyles
1890 W. C. Glasgow 1924 Lee Wallace Dean 1961 Dean M. Lierle

1891 S. W. Langmaid 1925 Greenfield Sluder "1962 Francis E. Lejeune
1892 M. J. Asch 1926 Chevalier Jackson 1963 Anderson C. Hilding
1893 D. Bryson Delavan 1927 D. Bryson Delavan 1964 Albert C. Furstenberg
1894 J. O. Roe 1928 Charles W. Richardson 1965 Paul H. Holinger
1895 W. H. Daly 1929 Lewis A. Coffin 1966 Joel J. Pressman

1896 C. H. Knight 1930 Francis R. Packard 1967 Lawrence R. Boies

1897 T. R. French 1931 George E. Shambaugh- 1968 Francis W. Davison

1898 W. E. Casselberry 1932 George Fetterolf 1969 Alden H. Miller

1899 Samuel Johnston 1933 George M. Coates 1970 DeGraaf Woodman

i900 H. L. Swain 1934 Dunbar Roy 1971 F. Johnson Putney
1901 J. W. Farlow

1935 Burt R. Shurly 1972 Frank D. Lathrop
1936 William B. Chamberlain 1973 G. Slaughter Fitz-Hugh1902 J. H. Bryan 1937 John F. Barnhill 1'974' Daniel C, Baker

1903 J. H. Hartman
1938 George B. Wood 1974 Joseph H. Ogura1904 C. C. Rice 1939 James A. Babbitt 1975 Stanton A. Friedberg1905 J. W. Gleitsman 1940 Gordon Berry � 4'976 Charles M. Norris

1906 A. W. deRoaldes 1941 Thomas E. Carmody 1977 Charles F. Ferguson
1907 H. S. Birkett 1942-3 Charles J, Imperatori 1978 John F. Daly
1908 A. Coolidge, Jr 1944-5 Harold 1. Lillie 979 John A. Kirchner
1909 J. E. Logan 1946 Frank R. Spencer 1980 Daniel Miller
1910 D. Braden Kyle 1947 Arthur W. Proetz 1981 Harold C. Tabb
1911 James E. Newcomb 1948 Frederick T. Hill 1982 M. Stuart Strong
1912 George A. Leland 1949

_ Ralph A. Fenton 19.83 John S. Lewis

--:lC- -,� _,� /0

Vice-Presidents (First and Second) /� en

1879 F. H. Davis 1906 G. H. Makuen, A. R. Thrasher
1880 W. C. Glasgow, J. O. Roe 1907 J. P. Clark, J. E. Rhodes
1881 E. L. Shurly, W. Porter 1908 E. Mayer, F. R. Packard
1882 C. Seiler, E. F. Ingals 1909 C. G. Coakley, H. P. Mosher
1883 S. W. Langmaid, S. Johnston 1910 Robert C. Myles, J. M. Ingersoll
1884 J. H. Hartman, W. H. Daly 1911 F. G. Cobb, B. R. Shurly
1885 H. A. Johnson, G. W. Major 1912 A. W. Watson, W. Scott Renner
1886 E. C. Morgan, J. N. Mackenzie 1913 F. E. Hopkins, George E. Shambaugh
1887 J. N. Mackenzie, S. W. Langmaid 1914 Clement T. Theisen, Lewis A. Coffin
1888 W. C. Glasgow, C. E. DeM. Sajous 1915 J. Gordon Wilson, Christian R. Holmes
1889 F. Holden, C. E. Bean 1916 Thomas H. Halsted, Greenfield Sluder
1890 J. O. Roe, J. H. Hartman 1917 John Edwin Rhodes, D. Crosby Greene
1891 M. J. Asch, S. Johnston 1918 George E. Shambaugh, John R. Winslow
1892 S. Johnston, J. C. Mulhall 1919 Francis R. Packard, Harmon Smith
1893 J. C. Mulhall, W. E. Casselberry 1920 Harmon Smith, W. B. Chamberlin
1894 C. C. Rice, S. H. Chapman 1921 Dunbar Roy, Robert C. Lynch
1895 J. Wright, A. W. delioaldes 1922 George Fetterolf, Lorenzo B. Lockard
1896 T. M. Murray, D. N. Rankin 1923 Hubert Arrowsmith, Joseph B. Greene
1897 A. W. MacCoy, H. S. Birkett 1924 Ross H. Skillern, Gordon Berry
1898 J. W. Farlow, F. W. Hinkel 1925 John E. Mackenty, Robert Levy
1899 T. A. DeBlois, M. R. Brown 1926 Lewis A. Coffin, William V. Mullin
1900 H. L. Wagner, A. A. Bliss 1927 Charles W. Richardson, Hill Hastings
1901 J. W. Gleitsmann, D. Braden Kyle 1928 Robert Clyde Lunch, Francis P. Emerson
1902 G. A. Leland, T. Melville Hardie 1929 William B. Chamberlin-, Ralph Albert Fenton
1903 J. H. Lowman, W. Peyre Porcher 1930 Harris P. Mosher, James A. Babbitt
1904 Thomas Hubbard, W. J. Freeman 1931 Joseph B. Greene, E. Ross Faulkner
1905 J. L. Goodale, C. W. Richardson 1932 Gordon Berry, Frank R. Spencer

151



152

1933 E. Ross Faulkner, Thomas S. Carmody
1934 Gordon B. New, Samuel McCullagh
1935 Edward C. Sewall, H. Marshall Taylor
1936 William P. Wherry, Harold 1. Lillie
1937 Frank R. Spencer, Bernard J. McMahon
1938 Ralph A. Fenton, Frederick T. Hill
1939 John H. Foster, Thomas R. Gittins
1940 Charles H. Porter, Gordon F. Harkness
1941 Arthur W. Proetz, Henry B. Orton
1942-3 Harold 1. Lillie, Dean M. Lierle
1944-5 John J. Shea, Thomas C. Galloway
1946 H. Marshall Taylor, C. Stewart Nash
1947 John J. Shea, Frederick A. Figi
1948 Henry B. Orton, Anderson C. Hilding
1949 LeRoy A. Schall, Fletcher D. Woodward
1950 W. Likely Simpson, Lyman G. Richards
1951 William J. McNally, Thomas C. Galloway
1952 J. Mackenzie Brown, Edwin N. Broyles
1953 Claude C. Cody, Daniel S. Cunning
1954 James H. Maxwell, Clyde A. Heatly
1955 Robert L. Goodale, Paul H. Holinger
1956 Henry M. Goodyear, Robert E. Priest
1957 Francis E. Lejeune, Pierre P. Viole
1958 Charles Blassingame, Chevalier L. Jackson

1981 M. Stuart Strong

1879 G. M. Lefferts
1882 D. Bryson Delavan

1912 Harmon Smith
1918 D. Bryson Delavan
1919 J. M. Ingersoll
1920 George M. Coates
1933 William V. Mullin
1935 James A. Babbitt

1912 J. Payson Clark
1923 George Fetterolf
1932 William V. Mullin
1933 James A. Babbitt
1935 Charles J. Imperatori

1879 F. H. Bosworth
1883 T. R. French

1936 George M. Coates

1947 Harry P. Schenck
1952 Bernard J. McMahon
1955 Edwin N. Broyles

Officers
1959 James H. Maxwell, Oliver Van Alyea
1960 Walter Theobald, Anderson C. Hilding
1961 Julius W. McCall, P. E. Ireland
1962 Paul M. Moore, Jerome A. Hilger
1963 Paul M. Holinger, Lester A. Brown
1964 B. Slaughter Fitz-Hugh, Daniel C. Baker
1965 C. E. Munoz-MacCormick, Arthur J. Cracovaner
1966 Lawrence R. Boies, G. Edward Tremble
1967 John F. Daly, Stanton A. Friedberg
1968 DeGraaf Woodman, John Murtagh
1969 Joseph P. Atkins, Stanton A. Friedberg
1970 Robert B. Lewy, Oliver W. Suehs
1971 James A. Harrill, James D. Baxter
1972 Francis L. Weille, Sam H. Sanders
1973 William H. Saunders, Blair Fearon
1974 Joseph H. Ogura, Douglas P. Bryce,

John A. Kirchner
1975 John S. Lewis, Edwin W. Cocke, Jr
1976 Emanuel M. Skolnik, John T. Dickinson
1977 J. Ryan Chandler, Herbert H. Dedo
1978 John E. Bordley, Lester A. Brown
1979 Albert H. Andrews, Seymour R. Cohen
1980 John Frazer, George A. Sisson

Vice-Presidents (Presidents-Elect)

1982 John S. Lewis 1983 Gabriel F. Tucker, Jr

Secretaries and Treasurers

1889 C. H. Knight 1900 P. E. Newcomb
1895 H. L. Swain 1911 Harmon Smith

Secretaries

1939 Charles J. Imperatori 1959 Lyman G. Richards
1942 Arthur W. Proetz 1968 Frank D. Lathrop
1947 Louis H. Clerf 1972 John F. Daly
1952 Harry P. Schenck 1977 William MacL. Trible
1957 James H. Maxwell 1982 Eugene N. Myers

Treasurers

1962 Alden H. Miller
1939 Frederick T. Hill 1969 Charles M. Norris
1948 Gordon F. Harkness 1976 Harold G. Tabb
1953 Fred W. Dixon 1981 Loring W. Pratt
1958 Frances E. Lejeune

Librarians

1903 J. H. Bryan 1934 Burt R. Shurly
1930 John F. Barnhill 1935 George M. Coates

Librarian and Historian

1944 Louis H. Clerf

Librarian, Historian and Editor

1960 Francis W. Davison 1977 Gabriel F. Tucker, Jr
1964 F. Johnson Putney 1983 James B. Snow, Jr
1971 Charles F. Ferguson



DECEASED FELLOWS

Dates indicate original election to the Association.

1946
1908
1893
1878
1940
1917
1918
1881
1893
1890
1923
1879
1936
1880
1903
1943
1928
1945
1957
1907
1878
1878

Alonso, Justo M., Montevideo, Uruguay
Barnhill, John F., Miami Beach, Fla

Birkett, Herbert S., Montreal

Bosworth, Francke H., New York

Broyles, Edwin N., Baltimore
Coates, George M., Philadelphia
Dean, Lee Wallace, St Louis

Delavan, D. Bryson, New York
deRoaldes, Arthur W., New Orleans
De La Sota y Lastra, Ramon, Seville, Spain
Fenton, Ralph A., Portland, Ore

French, Thomas R., Brooklyn, NY

Galloway, Thomas C., Evanston, III

Garcia, Manuel, London
Harris, Thomas J., New York

Hilding, Anderson C., Duluth, Minn

Hill, Frederick T., Waterville, Me

Holinger, Paul H., Chicago
Huizinga, Eelco, Groningen, The Netherlands

Jackson, Chevalier, Schwenksville, Pa

Johnston, Samuel, Baltimore
Lefferts, George Morewood, Katonah, NY

1942
1892
1938
1968
1940
1901
1893
1966
1930
1943
1961
1936
1901
1887
1894
1919
1881
1950
1931
1926
1921
1902
1897

Batson, Oscar V., Philadelphia
Browne, Lennox, London
Blair, Vilray P., St Louis
Cawthorne, Sir Terence, London

Colledge, Lionel, London
Collier, Mayo, Kearsney, Abbey, Kent, England
Desvernine, Carlos M., Havana
Dohlman, Costa, East Bradenton, Fla

Emerson-;Francis P., Franklin, Mass

Eggston, Andrew A., New York

Faaborg-Anderson, Kund, Nykobing, Denmark
Fraser, John S., Edinburgh
Grant, Sir James Dundas, London

Cougenheim, A., Paris

Holden, Edgar, Newark, NJ
Kelly, Adam Brown, Helensburgh, Scotland
Labus, Carlo, Milan, Italy
Larsell, Olof, Portland, Ore

LaSagna, Francesco, Parma, Italy
Law, Frederick M., New York
LeMaitre, Ferdinand, Paris

Lermoyez, Marcel, Paris

Luc, H., Paris

1936 Ballenger, Howard C., Winnetka, III

1923 Barlow, Roy A., Nova Scotia, Canada
1915 Barnes, Harry Aldrich, Kingston, Mass

1944 Beatty, Hugh G., Columbus, Ohio
1928 Beck, Joseph C., Chicago
1921 Berry, Gordon, Worcester, Mass
1941 Bowers, Wesley C., New York
1901 Brown, J. Price, Toronto
1891 Bryan, Joseph H., Washington, DC

1913 Butler, Ralph, Philadelphia
1930 Campbell, Edward H., Philadelphia

Honorary Fellows

Corresponding Fellows

Emeritus Fellows

153

1914
1918
1933
1883
1881
1910
1904
1910
1937
1930
1918
1906
1924
1909
1878
1889
1914
1903
1914
1948
1890

Levy, Robert, Denver

Lewis, Fielding 0., Media, Pa
Lierle, Dean M., Iowa City
Mackenzie, John N., Baltimore
Mackenzie, Sir Morell, London
Masser, Ferdinand, Naples, Italy
Mosher, Harris P., Marblehead, Mass
Moure, J. J. E., Bordeaux, France

Nager, F. R., Zurich

Negus, Sir Victor E., London
Oliver, H. K., Boston

Pierce, Norval Harvey, San Diego
Proetz, Arthur C., St Louis
Semon, Sir Felix, Great Missenden, England
Solis-Cohen, J., Philadelphia
Swain, Henry L., New Haven, Conn

Thomson, Sir St Clair, London

Tilley, Herbert, London

Wagner, Clinton, New York
Williams, Henry L., Rochester, Minn

Wright, Jonathan, Pleasantville, NY

1896
1894
1903
1920
1919
1880
1896
1950
1919
1941
1971
1919
1894
1924
1896
1946
1940
1881
1913
1880
1901
1894

MacDonald, Greville, Haslemere, Surrey, England
MacIntyre, John, Glasgow, Scotland
McBride, P. , York, England
McKenzie, Dan, London
McKernon, James F., New Canaan, Conn

Meyer, Wilhelm, Copenhagen
Mygind, Holger, Copenhagen
Neil, James Hardie, Auckland, New Zealand

Paterson, Donald Rose, Cardiff, Wales
Patterson, Norman, Herts, England
Rethi, Aurelius, Budapest
Rogers, John, Jr, New York

Sajous, C. E. DeM., Philadelphia
Schaefer, J. Parson, Philadelphia
Schmiegelow, Ernst, Copenhagen
Segura, Eliseo, Buenos Aires
Soto, E. Fernandez, Havana
Thornton, Pugin, London
Turner, A. Logan, Edinburgh
Whistler, W. McNeil, London

Wingrave, Wyatt, Lyme Regis, Dorset, England
Wolfenden, R. Norrie, Kent, England

1945
1959
1897
1899
1939
1905
1957
1893
1937
1941
1913

Campbell, Paul A., San Antonio, Tex

Cardwell, Edgar P., Newark, NJ
Clark, J. Payson, Boston

Cobb, Frederick C., Bradenton, Fla

Cody, Claude C., Jr, Houston

Coffin, Lewis A., New York
Converse, John Marquis, New York

Coolidge, Algernon, Boston

Crowe, Samuel J., Baltimore

Cunning, Daniel S., New York
Dabney, Virginia, Washington, DC



154

1882
1941
1947
1892
1930
1922
1933
1905
1932
1940
1928
1880
1922
1898
1940
1932
1906
1917
1950
1905
1940
1896
1959
1915
1944
1888
1944
1895
1930
1927
1919
1920
1904
1952
1928
1939
1942
1918
1921
1929
1885
1939
1963
1939
1894
1922
1943
1949
1927
1928

De Blois, Thomas Amory, Boston

Dixon, Fred W., Shaker Heights, Ohio

Eagle, Watt W., New Bern, NC

Farlow, John W., Boston

Figi, Frederick A., Rochester, Minn

Forbes, Henry H., New York
Foster, John H., Houston

Freer, Otto T., Chicago
Furstenberg, Albert C., Ann Arbor, Mich

Gatewood, E. Trible, Richmond, Va

Gittins, Thomas R., Sioux City, Iowa
Gleitsmann, Joseph W., New York
Goldsmith, Perry G., Toronto

Goodale, Joseph L., Ipswich, Mass

Goodale, Robert L., Ipswich, Mass

Graham, Harrington B., San Francisco

Greene, D. Crosby, Jr, Boston

Greene, Joseph B., Asheville, NC

Hall, Colby, Encino, Calif
Halsted, Thomas H., Los Angeles
Hansel, French K., St Louis

Hardie, Thomas Melville, Chicago
Hart, Verling K., Charlotte, NC

Hastings, Hill, Los Angeles
Havens, Fred Z., Rochester, Minn

Hinkel, Frank Whitehill, Buffalo

Hoople, Gordon D., Syracuse, NY

Hopkins, Frederick E., Springfield, Mass

Houser, Karl M., Ardmore, Pa

Hubbard, Thomas, Toledo
Hurd, Lee Maidment, Rowayton, Conn

Imperatori, Charles J., Essex, NY

Ingersoll, John Marvin, Miami, Fla
Ireland, Percy E., Toronto

Jarvis, DeForest C., Barre, Vt

Johnston, William H., Santa Barbara, Calif
Kelly, Joseph D., New York

Kenyon, Elmer L., Chicago
Kernan, John D., New York
Kistner, Frank B., Portland, Ore

Knight, Charles H., New York

Large, Secord H., Cleveland

Lathrop, Frank D., Pittsford, Vt

Lejeune, Francis E., New Orleans
Leland, George A., Boston

Lillie, Harold I., Rochester, Minn

Lincoln, William R., Cleveland

Lindsay, John R., Evanston, III
. Lukens, Robert M., Wildwood Crest, NJ
Lyman, Harry Webster, St Louis

1958 Alfaro, Victor R. , Washington, DC
1880 Allen, Harrison, Philadelphia
1917 Arrowsmith, Hubert, Brooklyn
1879 Asch, Morris J., New York
1942 Ashley, Rae E., San Francisco
1958 Atkins, Joseph P., Philadelphia
1923 Babbitt, James A., Philadelphia
1906 Ballenger, William L., Chicago
1880 Bean, C. E., St Paul
1949 Beck, August L" New Rochelle, NY
1904 Berens, T. Passmore, New York
1924 Bigelow, Nolton, Providence, RI
1938 Blassingame, Charles D., Memphis
1893 Bliss, Arthur Ames, Philadelphia
1951 Boyden, Guy L., Portland, Ore
1895 Boylan, J. E., Cincinnati
1932 Brown, John Mackenzie, Los Angeles
1892 Brown, Moreau R., Chicago
1933 Buckley, Robert E., New York
1915 Canfield, R. Bishop, Ann Arbor, Mich
1934 Carmack, John Walter, Indianapolis
1924 Carmody, Thomas E., Denver

Deceased Fellows

Active Fellows

1886
1941
1896
1952
1951
1939
1943
1923
1933
1931
1928
1954
1939
1927
1901
1937
1922
1923
1903
1948
1878
1942
1951
1903
1897
1884
1905
1878
1938
1921
1934
1923
1930
1907
1939
1908
1923
1947
1927
1950
1925
1943
1892
1892
1948
1922
1939
1905
1935

MacCoy, Alexander W., Philadelphia
Martin, Robert C., San Francisco
Mayer, Emil, New York
McCall, Julius W., Shaker Heights, Ohio
McCart, Howard W. D., Toronto
McCaskey, Carl H., Indianapolis
McCullagh, Samuel, New York

McKinney, Richmond, Memphis
McMahon, Bernard J., St Louis

McNally, William J., Montreal

MacPherson, Duncan, New York
Moore, Paul McN., Delray Beach, Fla
Myers, John L., Kansas City, Mo

Myerson, Mervin C., New York

Myles, Robert C., New York
Nash, C. Stewart, Rochester, NY

New, Gordon B., Rochester, Minn

Newhart, Horace, Minneapolis
Packard, Francis R., Philadelphia
Phelps, Kenneth A., Burlington, NC

Porter, William, Ocean Springs, Mass

Potts, John B., Omaha
Rawlins, Aubrey G., San Francisco

Renner, W. Scott, Buffalo
Rhodes, John Edwin, Chicago
Rice, Clarence C., New York

Richards, George L., South Yarmouth, Mass

Robinson, Beverly, New York

Salinger, Samuel, Palm Springs, Calif
Sauer, William E., St Louis

Schenck, Harry P., Philadelphia
Sewall, Edward C., Palo Alto, Calif

Seydell, Ernest M., Wichita, Kan

Shambaugh, George E., Chicago
Simpson, W. Likely, Memphis
Smith, Harmon, New York

Spencer, Frank R., Boulder, Colo
Theobald, Walter H., Chicago
Tobey, Harold G., Boston

Tremble, G. Edward, Montreal
Tucker, Gabriel, Haverford, Pa
Van Alyea, Oliver E., Chicago
Wagner, Henry L., San Francisco

Watson, Arthur W., Philadelphia
Whalen, Edward J., Hartford, Conn

White, Francis W., New York
Wilson, J. Gordon, Old Bennington, Vt

Wood, George B., Wynnewood, Pa

Woodward, Fletcher D., Charlottesville, Va

1889 Casselberry, William E., Chicago
1883 Chamberlain, C. W., Hartford, Conn
1917 Chamberlin, William B., Cleveland
1896 Chappell, W. F., New York
1882 Chapman, S. Hartwell, New Haven, Conn
1902 Coakley, Cornelius G., New York
1913 Coffin, Rockwell C., Boston
1918 Cox, Gerald H., New York
1880 Cushing, E. W., Boston
1878 Cutter, Ephraim, West Falmouth, Mass
1880 Daly, W. H., Pittsburgh
1878 Davis, F. H., Chicago
1941 Davis, Warren B., Philadelphia
1926 Dennis, Frank Lownes, Colorado Springs, Colo
1901 Dickerman, E. T., Chicago
1969 Dickinson, John T., Pittsburgh
1878 Donaldson, Frank, Baltimore
1954 Equen, Murdock S., Atlanta
1935 Eves, Curtis C., Philadelphia
1919 Faulkner, E. Ross, New York
1914 Fetterolf, George, Philadelphia
1901 Freeman, Walter J., Philadelphia



1917
1897
1940
1909
1907
1940
1878
1913
1905
1934
1933
1957
1878
1945
1879
1907
1882
1893
1938
1939
1901
1925
1878
1882
1938
1880
1878
1879
1960
1961
1944
1879
1964
1942
1901
1878
1965
1898
1880
1953
1878
1911
1913
1897
1935
1888
1919
1952
1915
1879
1927
1936
1913
1945
1885
1914
1898
1881
1948
1954
1958
1881
1950

Friedberg, Stanton A., Chicago
Frothingham, Richard, New York
Fuchs, Valentine H., New Orleans
Getchell, Albert C., Worcester, Mass

Gibb, Joseph S., Philadelphia
Gill, William D., San Antonio, Tex

Glasgow, William Carr, St Louis

Goldstein, Max A., St Louis

Grayson, Charles P., Philadelphia
Grove, William E., Milwaukee
Harkness, Gordon F., Davenport, Iowa
Harrill, James A., Winston-Salem, NC
Hartman, J. H., Baltimore

Hickey, Harold L., Denver

Holden, Edgar, Newark, NJ
Holmes, Christian R., Cincinnati

Hooper, Franklin H., Boston

Hope, George B., New York

Hourn, George E., St Louis
Hunt, Westley Marshall, New York

Hyatt, Frank, Washington, DC

Iglauer, Samuel, Cincinnati

Ingals, E. Fletcher, Chicago
Ives, Frank L., New York

Jackson, Chevalier L., Philadelphia
Jarvis, William C., New York

Johnson, Hosmer A., Chicago
Johnson, Woolsey, New York
Johnston, Kenneth C., Chicago
Jones, Edley H., Vicksburg, Miss

Jones, Marvin F., New York
Kealhofer, R. H., St Louis

Keirn, W. Franklin, Montclair, NJ
King, Edward D., North Hollywood, Calif

King, Gordon, New Orleans

Knight, Frederick Irving, Boston

Knight, John S., Kansas City, Mo

Kyle, D. Braden, Philadelphia
Langmaid, Samuel W., Boston

Lederer, Francis L., Chicago
Lincoln, Rufus P., New York

Lockard, Lorenzo B., Denver

Loeb, Hanau W., St Louis

Logan, James E., Kansas City, Mo

Looper, Edward A., Baltimore

Lowman, John H., Cleveland
Lynah, Henry L., New York

Lynch, Mercer G., New Orleans

Lynch, Robert Clyde, New Orleans

McBurney, Charles, New York
McGinnis, Edwin, Chicago
McGregor, Gregor, Toronto

McKimmie, O. A., Washington, DC

McLaurin, John G., Dallas

McSherry II, Clinton, Baltimore

Mackenty, John E., New York

Makuen, G. Hudson, Philadelphia
Major, G. W., Montreal
Maxwell, James H., Ann Arbor, Mich

Meltzer, Philip E., Boston

Montreuil, Fernand, Montreal

Morgan, E. C., Washington, DC

Morrison, Lewis F., San Francisco

Deceased Fellows 155

1940
1886
1925
1914
1892
1881
1893
1895
1961
1927
1894
1892
1927
1954
1908
1882
1934
1902
1930
1879
1945
1953
1881
1913
1878
1879
1928
1893
1909
1878
1959
1892
1919
1909
1879
1932
1928
1924
1934
1911
1879
1924
1903
1899
1892
1937
1888
1938
1936
1954
1933
1896
1879
1886
1924
1924
1939
1942
1922
1940
1896
1953

Morrison, William W., New York
Mulhall, J. C., St Louis

Mullin, William V., Cleveland

Munger, Carl E., Waterbury, Conn

Murray, T. Morris, Washington, DC

Mynter, H., Buffalo
Newcomb, James E., New York
Nichols, J. E. H., New York

Ogura, Joseph H., St Louis

Orton, Henry B., Newark, NJ
Park, William H., New York
Porcher, W. Peyre, Charleston, SC
Porter, Charles T., Boston

Pressman, Joel J., Los Angeles
Randall, B. Alexander, Philadelphia
Rankin, D. N., Allegheny, Pa

Richards, Lyman G., Wellesley Hills, Mass
Richardson, Charles W" Washington, DC

Ridpath, Robert E., Philadelphia
Roe, John 0., Rochester, NY

Robb, James M., Detroit

Roberts, Sam E., Kansas City, Mo

Robertson, J. M., Detroit

Roy, Dunbar, Atlanta
Rumbold, T. F., St Louis

Seiler, Carl, Philadelphia
Shea, John Joseph, Memphis
Shields, Charles M., Richmond, Pa

Shurly, Burt R., Detroit

Shurly, E. L., Detroit

Silcox, Louis E., Punta Gorda, Fla

Simpson, William Kelly, New York
Skillern, Ross H., Philadelphia
Sluder, Greenfield, St Louis

Smith, Andrew H., Geneva, NY

Smyth, Duncan Campbell, Boston

Sonnenschein, Robert, Chicago
Stein, Otto J., Chicago
Stevenson, Walter, Quincy, III
Staut, George C., Philadelphia
Tauber, Bernhard, Cincinnati

Taylor, Hermon Marshall, Jacksonville, Fla
Theisen, Clement F., Albany, NY

Thorner, Max, Cincinnati

Thrasher, Allen B., Cincinnati

Tobey, George L. Jr, Boston
Van der Poel, S. 0., New York
Vail, Harris H., Cincinnati

Voislawsky, Antonie P., New York
Walsh, Theodore E., St Louis

Wanamaker, Allison T., Seattle
Ward, Marshall R., Pittsburgh
Ward, Whitfield, New York
Westbrook, Benjamin R., Brooklyn, NY

Wherry, William P., Omaha
White, Leon E., Boston

Williams, Horace J., Philadelphia
Wishart, D. E. Staunton, Toronto

Wishart, David J. G., Toronto
Wood, V. Visscher, St Louis

Wollen, Green V., Indianapolis
Wilkerson, William W., Nashville, Tenn



ROSTER OF FELLOWS
1984

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 - 96

1974 Alford, Bobby R., 1200 Moursund Ave, Houston, TX

77025, 1974, '78, '80-'83.

1969 Andrews, Albert H. Jr, 122 S Michigan Ave, Chicago, IL

60603, 1970-'74*-'83.

1984 Applebaum, Edward L., Univ of III College of Med, Chi

cago, IL 60612, 1984.

1975 Bailey, Byron J., Dept of Otolaryngol, UTMB, Galveston,
TX 77550, 1975, '76*, '77, '78, '81, '82, '84.

1970 Ballenger, John J., 723 Elm St, Winnetka, IL 60093,
1971-'84.

1963 Baxter, James D., 687 Pine Ave West, Montreal, P.Q.
H3A lAl, Canada 1963, '65*-'74, '76-'80, '82.

1975 Biller, Hugh F., Mt Sinai Hosp, 100th St & Fifth Ave, New

York, NY 10029, 1975- '77*, '78*, '79*, '80*, '81 *, '82*,
'83*, '84*.

1977 Blaugrund, Stanley M., 115 E 61st St, New York, NY

10021,1977-'84*.
1975 Boles, Roger, Dept of Otolaryngol, Univ of California, San

Francisco, CA 94122, 1975-'82, '84.

1984 Bone, Robert C., 560 Culebra St, Del Mar, CA, 1984.

1955 Bordley, John E., Johns Hopkins Hosp, Baltimore, MD

21205, 1955-'57, '59, '60, '62-'67, '69-'73*-'80, '82, '83.

1959 Brewer, David W., 1100 E Genesee St, Syracuse, NY

13210,1959, '60*, '61, '62*, '63, '66, '70, '73, '74*, '77, '80,
'81, '83.

1976 Briant, Thomas D. R., St Michael's Hosp, 30 Bond Street,
4B Wing, Toronto, Ont M5B lW8, Canada, 1976, '77,
'78, '80-'82.

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 M5T IP7 Canada, 1963*, '64, '66*, '67*,
'68*-'76-'79*, '81, '83, '84.

1979 Calcaterra, Thomas C., UCLA Med Ctr, Los Angeles, CA
90224, 1979.

1976 Cantrell, Robert W., Univ of Virginia Med Ctr, Char
lottesville, VA 22901, 1976, '77* -'80* -'82-'84 *.

1968 Chandler, J. Ryan, 1700 NW 10th Ave, Miami, FL 33136,
1968, '69* -'79* -'82-'84 *

.

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, '84.

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.

1984 Crumley, Roger L., 350 Parnassus 501, S�n Francisco, CA
94117, 1984 *

.

1980 Cummings, Charles W., Dept of Otolaryngol, Univ of

Washington, Seattle, WA 98195,1980-'82*, '83*, '84.

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

55901, 1984.

1966 Devine, Kenneth D., Mayo Clinic, Rochester, MN 55901,
1966-'68, '72*, '74*, '76*.

1976 Doyle, Patrick J., 1081 Burrard, Vancouver, BC, V62
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 33608,
1968-'70*, '72, '74, '76-'81, '84.

1964 Fearon, Blair, 308 Medical Arts Bldg, Toronto, Ont, M5R
2M7 Canada 1964 '66-'71* '72* '73* '74*-'78*-'81*
'82-'84.

' , .' " ,

1982 Fee, Willard E., Jr, Stanford Medical Center, Stanford,
CA 94305, 1982-'84.

1970 Frazer, John P., 601 Elmwood Ave, Rochester, NY 14642,
1971-'82.

1977 Fredrickson, John M., Dept of Otolaryngology, Washing
ton University, St Louis, MO 63110, 1977-'79*, '83, '84.

1977 Gacek, Richard R., State Univ Hosp of the Upstate Med

Ctr, 750 E Adams St, Syracuse, NY 13210,1977*-'82, '83*,
'84* .

1981 Gates, George A., 7703 Floyd Curl Dr, San Antonio, TX

78284, 1981, '82*-'84.

1959 Goldman, Joseph L., 55 E 87th St, New York, NY 10028,
1959, '60*-'72*-'78*-'80, '82-'84.

1983 Goldstein, Jerome C., AAO-HNS, 1101 Vermont Ave

NW, Washington, DC 20005, 1983, '84.

1983 Healy, Gerald B., 300 Longwood, Boston, MA 02115,
1983, '84*.

1983 Hicks, Julius N., 924 S 18th St, Birmingham, AL 35205,
1983, '84 *.

1974 Hudson, William R., Duke Univ Med Ctr, ENT, POP,
3805, Durham, NC 27710, 1974-'78*, '81-'84.

1983 Jako, Geza J., 8 Porter St, Melrose, MA 02176, 1983.

1983 Johns, Michael E., Dept of Otolaryngology-Head and
Neck Surgery, Johns Hopkins Hosp, 600 N Wolfe St,
Baltimore, MD 21205, 1983, '84*.

1965 King, James T., 1890 W Paces Ferry Rd, Atlanta, GA

30327, 1965-'67, '69-'71, '73-'76, '80.

1975 Kirchner, Fernando R., 155 S 18th St, Kansas City, KS

66102, 1975*-'77, '79, '82*, '84.

1963 Kirchner, John A., 333 Cedar St, New Haven, CT 06510,
1963, '65* , '67* -'69* -'71 *

, '72* -'75* , '77, '78, '80* , '82, '83,
'84* .

1979 Krause, Charles J., Univ Hosp, Ann Arbor, MI 48109,
1979-'82*, '84.

1981 Lawson, William, 19 E 98th St, New York, NY 10029,
1981 * -'84 *

.

156



1979 Lejeune, Francis E. Jr, 1514 Jefferson Hwy, New Orleans,
LA 70121, 1979-'82*, '83*, '84.

1966 Lewis, John S., 428 W 59th St, New York, NY 10019,
1966-'69*, '72, '74-'76*, '78-'83*, '84.

1976 Lingeman, Raleigh E, 1100 W Michigan St, Indianapolis,
IN 46202, 1976, '77* -'82*, '84.

1973 Lore, John M. Jr, 2121 Main St, Buffalo, NY 14214,
1974*, '76, '77*, '78*, '81.

1978 Lyons, George D., 120 N Jefferson Davis Pkwy, New

Orleans, LA 70119, 1978-'80, '82-'84.

1966 McCabe, Brian F., Dept of Otolaryngol, Univ Hosp, Iowa

City, IA 52242, 1966, '69, '72*, '73, '75* ,'76, '79*, '81 *.

1976 Miglets, Andrew, 456 Clinic Dr, Rm 4118, Columbus, OH
43210, 1976, '77, '78*, '80, '82.

1952 Miller, Alden H., 1407 N Vermont Ave, Los Angeles, CA
90027, 1952, '53*, '55, '57, '58*, '61, '62, '64, '66,
'67*-'73*, '74*, '76-'78*, '79, '81.

1964 Montgomery, William W., 243 Charles St, Boston, MA

02114, 1964, '65*, '66*, '68*, '70-'72, '74*-'76*-'78,
'80* -'82, '84.

1972 Morse, Harry R., 645 Powell Dr, Ft Walton Beach, FL

32548, 1972, '75, '79-'81.

1979 Myers, Eugene N., Dept of Otolaryngol, 230 Lothrop St,
Pittsburgh, PA 15213, 1979, '80, '82*, '83, '84.

1975 Nahum, Alan M., 225 W Dickinson, San Diego, CA

92103, 1975, '76, '79.

1981 Neel, H. Bryan III, 200 First St, SW, Rochester, MN

55901, 1981, '82*, '83, '84.

1980 Nichols, Richard D., Henry Ford Hosp, 2799 W Grand,
Detroit, MI 48202, 1980, '81, '84.

1982 Olson, Nels R., St Joseph Mercy Hospital, POBox 944,
Ann Arbor, MI 48106, 1982, '83*.

1972 Pennington, Claude L. Jr, 800 First St, Macon, GA 31201,
1972, '73, '75, '76*, '78, '82-'84.

1967 Pratt, Loring W., 325-B Kennedy Memorial Dr, Water
ville, ME 04901,1967-'82, '84*.

1963 Reed, George F., 750 E Adams St, Syracuse, NY 13210,
1963, '65*, '66, '68, '69*-'73, '75-82*-'84.

1974 Ritter, Frank N., 2675 Englave Dr, Ann Arbor, MI 48103,
1974, '75, 77-'79, '81-'84.

1982 Rontal, Eugene, 3774 Wabeek Lake Dr West, Bloomfield
Hills, MI 48013, 1982, ('83*), '84*.

1981 Sasaki, Clarence T., 333 Cedar St, New Haven, CT 06510,
1981, '83.

1964 Saunders, William H., Ohio State Univ, Rm 3110, 456
Clinic Dr, Columbus, OH 43210, 1964-'66, '68*-'70*,
'71-'75* -'80, '82* -'84.

1984 Schild, Joyce A., Illinois Eye and Ear Inf, 1855 W Taylor
St, Chicago, IL 60612, 1984.

1978 Sessions, Donald G., 1960 Grassy Ridge Rd, Kirkwood,
MO 63122, 1979*, '80*, '81, '83, '84.

.

1983 Sessions, Roy B., 6501 Fannin, Houston, TX 77030,1983*.

1979 Shapiro, Myron J., 349 E Northfield Rd, Livingston, NJ
07039, 1979-'81, '84.

1962 Sisson, George A., Northwestern U Medical School, 303 E

Chicago Ave, Chicago, IL 60611, 1962, '63*, '65, '66,
'68-'73, '76-'82, '84*.

1964 Skolnik, Emanuel M., 1855 W Taylor St, Chicago, IL

60612, 1964 *, '65, '66* -'70* -'73, '75* -'80* -'82*.

1974 Snow, James B. Jr, Univ of Peansylvania, 3400 Spruce St,
Philadelphia, PA 19104, 1974-'75* -'78*, '79, '81-'84.

Roster 157

1972 Soboroff, Burton J., 307 N Michigan Ave, Chicago, IL

60601, 1972-'77, '79, '80, '82.

1973 Som, Max L., 121 E 60th St, New York, NY 10022, 1973,
'74*, '75*, '76-'78*, '79*, '80, '82, ('83*).

1954 Sooy, Francis A., Univ of California Hosp, 3rd & Par
nassus Ave, San Francisco, CA 94122, 1954, '56*, '58, '60,
'62-'65*, '67, 68*, '71, '78, '79, '81, '83, '84.

1979 Spector, Gershon J., Dept of Otolaryngol, 517 S Euclid, St
Louis, MO 63110, 1979-'82-'84.

1975 Sprinkle, Philip M., West Virginia Univ Med Ctr, Mor

gantown, WV 26505, 1975-'78* -'82, '84.

1975 Strong, M. Stuart, 720 Harrison Ave, Boston, MA 02118,
1975, '76*, '77, '78*, '79*, '81, '82*-'84*.

1963 Tabb, Harold G., Dept of Otolaryngol, Tulane Medical
School, New Orleans, LA 70112, 1963, '65-'69, '71, '72,
'74, '77-'84.

1979 Tardy, M. Eugene, 2913 N Commonwealth, No 430,
Chicago, IL 60657, 1979, '82*, '84.

1982 Thawley, Stanley E., 517 S Euclid, St Louis, MO 63110,
1982, '83*.

1978 Toomey, James M., 550 N Main St, Attleboro, MA 02703,
1979*, '80, '81.

1967 Trible, William M., 4504 Gretna St, Bethesda, MD 20814,
1967-'69*, '71-'83.

1970 Tucker, Gabriel F. Jr, The Children's Memorial Hosp,
2300 Children's Plaza, Chicago, IL 60614, 1970*-'73*
'74 * -'75* -'77* -'78* -'82* -'84.

1979 Tucker, Harvey M., Dept of Otolaryngol, Cleveland
Clinic, Cleveland, OH 44106, 1979, '80*, '81, '82*, '84*.

1973 Tucker, John A., Hahnemann Hosp, 230 N Broad St,
Philadelphia, PA 19102,1973*, '74*, '75*, '76, '77*, '78*,
'80-'84.

1984 Vaughan, Charles W., Veterans Adm Med Center, 250 S

Huntington Ave, Boston, MA 02130, 1984.

1980 Vrabec, Donald P., Dept of Otolaryngol, Geisinger Med
Ctr, Danville, PA 17821,1980, '81*, '83.

1974 Ward, Paul H., UCLA School of Medicine, Los Angeles,
CA 90024,1974*-'76, '77*, '78*, '79*, '81*, '82*, '83*,
'84* .

1951 Woodman, DeGraaf, POBox 560, Easton, MD 21601,
1951, '53-55* -'56, '58-'76* -'80, '82-'84.

1981 Yanagisawa, Eiji, 98 York St, New Haven, CT 06511,
1981, '82*, '83*, '84.

1983 Yarington, C. Thomas Jr, 1100 9th Ave, POB 900, Seattle,
WA 98111, 1983, '84*.

Honorary Fellows - 10

1978 (1959) Barretto, Plinio de Mattos, Rua Cons Torres,
Homen 371, Sao Paulo; Brazil, 1960, '69, '73, '80.

1957 (1925) Clerf, Louis H., 10300 4th St, North, St Petersburg,
FL 33710, 1957-'61, '63-'66,'68-'72*-'78*.

1984 (1957) Conley, John J., 211 Central Park West, New York,
NY 10024, 1958*, '60*, '61, '62*, '64, '65, '70, '72,
'74*, '75*-78, '80, '82, ('83*), '84.

1984 (1960) Daly, John F., 16 N Brae Ct, Tenafly, NJ 07670,
1960, '61 *, '79*, '81.

1978 (1971) Harrison, D. F. N., 330/332 Gray's Inn Road, Lon

don, WCIX 8EE, United Kingdom, 1971, '77, '81 *,
'84* .

1984 (1956) Norris, Charles M., 3401 N Broad St, Philadelphia,
PA 19140,1956-'58*-'61*-'64, '66-'68*-'70*-'78*-'84.

1966 (1957) Ono, Jo, 6-13, 6-Chome, Roppongi, Minato-Ku,
Tokyo, 106, Japan, 1971.



158

1968 (1937) Portmann, Prof Dr Georges, Clinique St Augustin,
114, Avenue d'Ares, Bordeaux, France, 1947.

1968 (1957) Ruedi, Prof Dr Luzius, Kurhausstrasse 50, Zurich,
Switzerland, 1957.

1962 (1932) Schall, LeRoy A., POBox 136, Barnstable, MA

02630, 1964, '66, '68-'69, '72-'77.

Corresponding Fellows - 16

1978 Arauz, Juan Carlos, 2150 Cangallo, Buenos Aires, Argen
tina, 1040, 1980.

1972 Arslan, Prof Michele, Otorinolaringoiatrica dell' Univer
sita da Padova, 37 Via Altinate, Padova, Italy, 1972.

1959 Bateman, Sir Geoffrey H., Thorney-Graffham, Petworth,
West Sussex, GU280EA United Kingdom.

1980 Benjamin, Bruce, 229 Macquarie St, Sydney, NSW 2000

Australia, 1980, '81, '83*, '84*.

1964 Cleves, Carlos, Apt 202, Carrea 14, No 44-54, Bogota,
Colombia.

1984 Evans, John N. G., 5 Lancaster Ave, London SE27,
United Kingdom.

1970 Halliday, Sir George C., 143 Macquarie St, Sydney, NSW,
Australia.

I

1984 Hirano, Minoru, Dept of Otolaryngol and Head and Neck

Surg, Kurume Univ, 67 Asaki-rnachi, Kurume-shi 830,
Japan.

1970 Hutcheon, Jack, Morris Towers, 149 Wickham Terrace,
Brisbane, 4000 Australia, 1971, '78, '80.

1978 Kleinsasser, Oskar, Deutschhausstrasse 3, 355 Marburg
(Lahn), Cologne, West Germany, 1982*.

1971 Macbeth, Ronald G., Meadow Close, Church Han

borough, Oxford, United Kingdom.
1968 Nakamura, Fumio, Kyoto Prefectural U Medicine,

Kawara-Mach 1, Kamikyo-Ku, Kyoto, Japan.
1964 Perez, Alfredo C., Instituto Celis Perez, Avenida Montes

Deoca, Valencia, Venezuela, 1965.

1984 Snow, Gordon B., Dept of Otolaryngol, Free Univ,
DeBodelaan 1117, 1007 MB, Amsterdam, Netherlands,
1983* .

1952 Tapia-Acuna, Ricardo, Av Insurgentes, Sur No 300,
Delegacion Cuauhtemoc 06700, Mexico 7 DF, 1953, '57,
'60*, '67, '73, '75, '81 *

.

1936 Vialle, Jacques, 27 Rue de France, Nice (Alpes Maritimes),
France.

Emeritus Fellows - 41

1980 (1962) Arnold, Godfrey E., 311 Clinton Blvd, Clinton, MS

39056, 1962, '63*, '64*, '66, '69, '70, '72, '73, '75,
'77, '79.

1984 (1969) Ausband, John R., Emory Univ, 1365 Clifton Rd,
NE, Atlanta, GA 30322, 1970-'73, '75, '78, '81.

1973 (1944) Boies, Lawrence R., Dept of Otolaryngol, A-605,
Mayo Memorial Bldg, Minneapolis, MN 55455,
1944, '46-'48*-'50-'51*, '53-'68*-'69, '71.

1965 (1942) Canfield, Norton, PO Box 1383, Miami, FL 33133,
1982, '84.

1978 (1959) Cracovaner, Arthur J., 170 W End Ave, New York,
NY 10023, 1959-'61*-'63, '65-'69, '72, '74-'76,
'78-'79.

1977 (1951) Davison, Francis W., Geisinger Med Ctr, Danville,
PA 17821, 1951-'53*-'63*-'67*-'69*-'73*-'75, '77,
'78*, '79.

1980 (1968) DeWeese, David D., 3181 SW Sam Jackson Park
Rd, Portland, OR 97202, 1968-'69*, '73-'80, '82.

Roster

1972 (1962) Erich, John B., Mayo Clinic, 102 Second Ave,
Rochester, MN 55901.

1982 (1963) Ferguson, Charles R., 5281 Cape Leyte Way, Siesta

Key, Sarasota, FL 33581, 1963, '64 *

, '66, '67*, '68,
'69* -'74 * -'78* -'82.

1979 (1955) Fitz-Hugh, Glassell S., 145 Blue Ridge Rd, Char
lottesville, VA 22903, 1955, '57, '59-'62*, '64-'67*,
'68-'77*, '78.

1983 (1956) Friedberg, Stanton A., 1725 W Harrison St,
Chicago, IL 60612, 1956, '57, '65*, '71 *, '76*, '78*,
'79*, '80, '82, '83*, '84.

1963 (1928) Goodyear, Henry M., 2012 Edgecliff Point, Cincin

nati, OH 45206.

1980 (1965) Hanckel, Richard W. Jr, 506 E Cleves, Florence,
SC 29501, 1965-'67, '69-'74, '77-'80.

1978 (1960) Harris, Herbert H., 3457 Meadow Lake Lane,
Houston, TX 77027, 1960, '61*-'65*-'75, '77-'79,
'81-'84.

1968 (1942) Heatley, Clyde A., 2500 East Ave, Rochester, NY

14610, 1942, '46*, '49, '50, '52-'53*-'55, '57, '58,
'60, '61, '65.

1978 (1959) Henry, G. Arnold, Suite # 2, Group Box 24, La

goon City, RR # 1, Brechin, Ont, LOK lBO, Cana

da, 1959, '61, '63, '66, '67, '69, '70, '73.

1980 (1955) Hilger, Jerome A., 1700 S Lexington, St Paul, MN

55118, 1955-'56*-'60, '62-'66, '68-'71, '75-'78, '80,
'82.

1977 (1957) Holmes, Edgar M., Graydale Circle, Auburndale,
MA 02166, 1957, '59, '61, '63, '68, '70-'72, '74-'76,
'80.

1961 (1950) Kline, Oram R., 896 Lake Ave, Woodbury Heights,
NJ 08097, 1961, '63, '70, '72, '74.

1983 (1961) Lewy, Robert B., 25 E Washington, Chicago, IL

60602, 1961, '62*, '63, '65*, '67-'71, '73-'76, * '82,
'83*, '84.

1980 (1963) McGovern, Francis H., 139 S Main St, Danville,
VA 24541,1963, '64, '66, '68, '71, '72, '74, '75, '77,
'79, '81, '82, '84.

1974 (1951) McHenry, Lawrence C., 1607 Glenbrook Terrace,
Oklahoma City, OK 73116, 1953*, '62-'66, '68, '71.

1984 (1965) Miller, Daniel, 110 Francis St, Boston, MA 02215,
1965-'69*-'73*-'77*-'81 *, '82*, '83, '84.

1978 (1957) Munoz-MacCormick, Carlos Eduardo, 71 de Die

go, Santurce, PR 00911, 1957-'80, '82-'84.

1971 (1953) Murtagh, John A., 1198 AlA Apt 240, Hillsboro
Beach, Pompano, FL 33062, 1953-'56*, '57-'61,
'62-'63, '65-'67, 69, '70, '72, '74, '76, '78-'80, '82.

1981 (1958) O'Keefe, John J., 1499 Monk Rd, Gladwyn, PA
19035, 1958-'59*, '60, '62, '64, '67, '71, '73, '75, '78.

1984 (1961) Pang, Lup Q., 1374 Nuuanu Ave, Honolulu, HI

96817,1961, '62*, '64, '66, '67, '69, '71-'73, '75, '77,
'79-'82.

1984 (1961) Pastore, Peter N., 5503 Riverside Dr, Richmond,
VA 23225, 1961, '62*, '64, '66, '67, '69-'76, '78, '80,
'82.

1976 (1951) Priest, Robert E., 48 Grovecand Ter, Minneapolis,
MN 55403, 1977-'81.

1980 (1951) Putney, F. Johnson, 80 Barre St, Charleston, SC
29401, 1951-'53*-'58*-'63*-64 *

- '68 * -'69* -'70* -'72,
'74-'78*, '79*, '82.

1972 (1956) Richardson, John R., PO Box 52, Searsport, ME
04974.

1981 (1959) Sanders, Sam H., 1286 Peabody Ave, Memphis, TN
38104, 1959-'63, '65, '70-'73, '75, '78.



1977 (1958) Simonton, Kinsey M., '10 Foster, Duxbury, MA

02332, 1958, '59*, '62, '64, '66, '67, '69, '72, '74,
'75, '78, '82, '84.

1969 (1950) Smith, Austin T., 8401 Roosevelt Bldg; Philadel

phia, PA 19152, 1970-'74.

1982 (1961) Suehs, Oliver W., 2805 Robbs Run, Austin, TX

78705, 1961, '62*-'64, '66, '68-'72, '74-'78, '80.

1983 (1954) Thornell, William C., 2328 Auburn Ave, Cincin

nati, OH 45219, 1957, '59, '63, '68, '70, '72, '74,
'77, '78, '80.

1973 (1963) Tolan, John F., 3419 47th Ave, NE, Seattle, WA

Roster 159

98105, 1963-'67, '69, '71, '73.

1961 (1941) Viole, Pierre P., 241 South Windsor, Los Angeles,
CA 90004, 1964.

1977 (1962) Weaver, Delmar F., Med Professional Bldg, PO
Box 862, Culpepper, VA 22701,1962-64 *, '65, '67*,
'69-'70, '72, '74, '76.

1983 (1971) Williams, Russell I., 414 E 23rd St, Cheyenne, WY

82001, 1971, '72*-'74, '76-'78*, '80.

1975 (1953) Work, Walter P., 172 E Paseo de Golf, Green

Valley, AZ 85614, 1953, '54, '56, '58, '59*, '62,
'63*, '65, '67-'69, '72, '73, '75, '76, '78*, '79*, '82.



OFFICERS 1984-1985

PRESIDENT

GABRIEL F. TUCKER, JR, MD

VICE-PRESIDENT (PRESIDENT-ELECT)

DOUGLASP.BRYCE,MD

SECRETARY

EUGENE N. MYERS, MD

TREASURER

LORING W. PRATT, MD

HISTORIAN-EDITOR

JAMES B. SNOW, JR, MD

FIRST COUNCILOR

HAROLD G. TABB, MD

SECOND COUNCILOR

M. STUART STRONG, MD

THIRD COUNCILOR

JOHN S. LEWIS, MD

COUNCILORS-AT-LARGE

RICHARD R. GACEK, MD

PAUL H. WARD, MD

160



A
Ahmed AR 132
Alberti PW 63

B
Baer T . .. 41

Benjamin B . . . . . . . . . . .68
Biller HF 27, 123, 145
Birck HG . . . . . . . . . . . . .. 94

Blaugrund SM . . . . . . . . .41, 141
Bloch C . 41

C
Cantrell RW . . . . 60
Carithers JS 94
Catlin Fl 11
Chandler JR 52, 140
Cohen AS 104
Crumley RL 81

D
Dedo HH 73,145

E
Ellison DE ...................... 132

F
Fearon B 146
Friedman EM 100
Fuller T 119

G
Gacek RR . . . . . . . . 16, 144
Goldman JL 143
Goodson MA 129
Gould WJ 41,76
Goulding R .. . . . . .. . 52
Guite LA Jr 87

A

INDEX

AUTHORS

H
HajiT .

Harrison DFN .

Healy GB .

Hiatt HH .

Hicks IN .

........ 41
.... 23
... 100
. ... 17

.. 129

I
lzdebski K ..... ............... 73

J
....... 119

..... 60, 142
Jacob HJ .

Johns ME .

K
Kirchner JA .

Krespi YP .

.. 31, 141
.36

L
Lavertu P . . . . 115

�w�W.................. .�

Levine H 115
Lewis JS 13, 14

Lewy RB . .. 145
Lucente FE .. . . . . . . . . . . . . .. 123

M
M��MD. ..�

Malmgren LT 16
McGill TGl . . . 100
Meltzer J . 41

Mitrani M 123

Montgomery WW , 145
Moskowitz L . . . . . . . . . . 52

Myers EM 8

N
Neal DA . 60
Norris CM 14, 140

SUBJECTS

p
Pratt LW 8,87

Q
Quencer RM ... . 52

R
Rontal E 119
Rontal M 119

S
Sacks SH . . . . . 123
Schell SE 16

ShahJP......... . 48
Shaw H . 141
Shemen L . . . . .. . . . . . .48

Simpson GT II . . . 104
Sisson GA. . . 36
Skinner M . . . . . . . . . . . . . . .104
Smith RJ 87
Snow JB Jr . . . 8

Spiro RH ... . .. .. . . . . . . . .48

Strong EW . . .. 48,142
Strong MS 104, 144

T
Thomas FJ . . . . . 115

Tryzelaar JF . . . . . . . . . . . 87
Tucker HM . .. 115
Tucker GF Jr 8,140

W
Ward PH . 132
Weymuller E Jr 141
Wood BG 115

y
Yarington CT ................... 110

Transglottic, partial laryngectomy for 27

Carcinoma

Pyriform sinus, voice preservation by
hemicricolaryngopharyngectomy 36

Supraglottic larynx, planned high dose preoperative
radiotherapy and definitive surgery for . . .. 115

Chest trauma, blunt, with tracheobronchial rupture 87

Aerodigestive tract, upper, pemphigus and pemphigoid of ... 132

Amyloidosis, localized, of head and neck and upper
aerodigestive and lower respiratory tracts 104

Anesthesia for laryngoscopy 68

Angiofibromas, nasopharyngeal; staging and management 52

Annual photograph 6

Awards (Casselberry, DeRoaldes, Newcomb) .' .12

B

Cricoid cartilage and trachea, separation of .129

D

Burns, esophageal, secondary to disc battery ingestion 94 Discussions ....

Disc battery ingestion, esophageal burns secondary to .. . .. 94

.. 140

C E

Caldwell-Luc operation 110 Esophageal burns secondary to disc battery ingestion . .. 94

Cancer

Laryngeal, invading thyroid cartilage, significance
and means of 23

Executive Sessions
Minutes 7
Reports. . . . . . . . . . . . . . . . . . . . . . . . . . 8

161



162

F

Fellows
Deceased 153

Registration 5
Roster 156

G

Guest of Honor
Address 14
Introduction 14

H

Hemangioma, subglottic, carbon dioxide laser in 100

Hemicricolaryngopharyngectomy for voice preservation in

pyriform sinus carcinoma. . . . . . 36

I

Intubation, tracheotomy versus 63

L

Laryngeal nerve section, recurrent, evaluation and
treatment of recurrent spasticity after 73

Laryngeal trauma: separation of cricoid cartilage and
trachea . . . .129

Laryngectomy, partial
For transglottic cancers 27

Pathways and pitfalls in 31

Laryngoscopy, anesthesia for . . . . . . . . . . . . . . . . . . .. 68

Larynx
Partially ablated, voice analysis of . . . . . 41

Penetrating injuries of . . . . . . . . . . . . . . . . . . .. . 123

Supraglottic, carcinoma of, planned high dose

preoperative radiotherapy and definitive surgery for .. 115

Laser, carbon dioxide
Flexible nontoxic fiberoptic delivery system for 119
Use in subglottic hemangioma 100

Lymph node metastasis, cervical, staging and comparison
of two systems . . . . . . . . . . . . 60

M

Memorial Fund, Laryngeal Research Fund 12

Memorials
Costa F. Dohlman 147
Robert L. Goodale 148
William J. McNally 149
Joseph H. Ogura 150

Subjects

N

Nasopharyngeal angiofibromas, staging and management 52

Nuclear war, physician's responsibility 17

o

Officers
1879-1983 151
1983-1984 5
1984-1985 160

p

Pemphigus and pemphigoid and upper aerodigestive tract 132

Pharyngeal reconstruction, selecting variants in 48

Pyriform sinus carcinoma, hemicricolaryngopharyngectomy
for voice preservation in . . . 36

R

Reconstruction of pharynx, selecting variants in 48

Registration of Fellows for Annual Meeting. . . . . . . . . . .. 5

Reinnervation, selective, of vocal cord adductors in
unilateral vocal cord paralysis 81

Reports
Accountant 8
Historian-Editor 8
Governor of the American College of Surgeons 8

Secretary . . . . . . . . . . . . . . . . . 8
Treasurer 8

s

Spasticity, recurrent, after recurrent laryngeal nerve

section, evaluation and treatment of 73

T

Thyroid cartilage, laryngeal cancer invading, significance
and means of 23

Trachea and cricoid cartilage, separation of 129

Tracheobronchial rupture, blunt chest trauma with ... . .. 87

. .. 63Tracheotomy versus intubation .

v

Vocal cord adductors, selective reinnervation, in
unilateral vocal cord paralysis 81

Voice analysis of partially ablated larynx 41

Voice preservation in pyriform sinus carcinoma by
hemicricolaryngopharyngectomy 36

Voice research, clinical application in voice laboratory 76



 



 



 



 



 



 


