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FELLOWS IN ATTENDANCE AT THE ONE HUNDRED EIGHTH ANNUAL MEETING

First Row: Lewy, Yanagisawa, Farrior, Cohen, Woodman, Pratt, Lewis, Fearon, Myers, J. Tucker, D. Sessions, LeJeune, Jako, Lore.

Second Row: Dedo, Hirano, Kashima, Harris, Pennington, Ferlito, J. Kirchner, D. Miller, Hudson, Cody, Morse, Schild, Benjamin, Lucente.

Third Row: Morrison, Olson, Ballenger, Baxter, J. Snow, Fee, Biller, Saunders, Fredrickson, Goldstein, Cocke, H. Tucker, Briant.

Fourth Row: Bryce, Sisson, Alford, R. Miller, Ward, Cantrell, Schuller, Adkins, Strong, Blaugrund, Boles, Work.
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MINUTES OF THE EXECUTIVE SESSIONS

FIRST SESSION - APRIL 25, 1987

The First Executive Session of the 108th Annual
Meeting was convened at 7:30 AM in the Grand
Ballroom of the Fairmont Hotel, Denver, Loring
W. Pratt, MD, Waterville, Maine, presiding. The
following candidates, having been recommended
for Fellowship by the Council, were elected to Ac­
tive Fellowship: Warren Y. Adkins, Jr, MD,
Charleston, South Carolina; Shan R. Baker, MD,
Ann Arbor, Michigan; Andrew Blitzer, MD, New
York; Donald B. Hawkins, MD, Los Angeles; Frank
E. Lucente, MD, New York; Robert H. Maisel,
MD, Minneapolis; Robert H. Miller, MD, New
Orleans; David E. Schuller, MD, Columbus, Ohio;
to Emeritus Fellowship: Alden H. Miller, MD, Los

Angeles; DeGraaf Woodman, MD, Easton, Mary-

land; to Corresponding Fellowship: Gui-yi Tu,
MD, Beijing, People's Republic of China.

Following their election, Professor Gui-yi Tu and
the new Active Fellows were introduced by their
sponsors, presented with certificates of fellowship,
and welcomed by President Pratt.

President Pratt presented the Award of Merit to

Dr DeGraaf Woodman upon his elevation to Emer-
itus Fellowship.

.

The following Fellows were elected as members
of the Nominating Committee: Paul H. Ward,
Chairman; Michael E. Johns, Richard R. Gacek,
Stanley M. Blaugrund, and Jerome C. Goldstein.

SECOND SESSION - APRIL 26, 1987

The Second Executive Session was opened by
President Pratt at 1 :30 PM, and the report of the
Nominating Committee was received from the
Chairman, Dr Paul H. Ward. The following Fel­
lows were nominated to the Council and elected
unanimously: Blair Fearon; Seymour R. Cohen;
Eugene N. Myers; John M. Fredrickson; James B.
Snow, Jr; Douglas P. Bryce; Loring W. Pratt;
Robert W. Cantrell; Charles W. Cummings; and
H. Bryan Neel III.

The reports of the Treasurer and Historian-Edi­
tor were submitted and accepted. Dr Eugene N.

Myers presented the report of the Liaison Member
of the American Board of Otolaryngology, and Dr
Michael E � Johns presented the report of the Gover­
nor of the American College of Surgeons. The meet­

ing was adjourned until the end of the Scientific
Session.

At the close of the Scientific Session, the Execu­
tive Session was reconvened by President Pratt. At
the President's direction, the newly elected mem­

bers of the Council, acting as Directors of the Asso­
ciation, organized themselves for the year
1987-1988 as follows: President: Blair Fearon, MD;
Vice-President (President-Elect): Seymour R. Co­

hen, MD; Secretary: Eugene N. Myers, MD; Treas­
urer: John M. Fredrickson, MD; Historian-Editor:
James B. Snow, Jr, MD; Second Councilor: Douglas
P. Bryce, MD; Third Councilor: Loring W. Pratt,
MD; Councilors-at-Large: Robert W. Cantrell,
MD; Charles W. Cummings, MD; H. Bryan Neel
III, MD. Dr Pratt introduced Dr Blair Fearon as the
new President of the Association. Dr Fearon
thanked Dr Loring W. Pratt for his outstanding
work as President of the Association. The meeting
-was adjourned.
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REPORTS

REPORT OF THE HISTORIAN-EDITOR

I have the sad duty to report the deaths of seven Emeritus
Fellows and two Active Fellows. Lawrence R. Boies was elected
to Fellowship in 1944 and served the Association as Vice-President
in 1966 and as President, presiding at the meeting in 1968. He was

elevated to Emeritus Fellowship in 1973. He died on July 5, 1986.
Francis W. Davison was elected to Fellowship in 1951 and served
the Association as President, presiding at the meeting in 1969. He
was elevated to Emeritus Fellowship in 1977. He died on

February 5, 1987. James T. King was elected to Fellowship in
1965 and was elevated to Emeritus Fellowship in 1985. He died
on July 3, 1986. Lawrence C. McHenry was elected to Fellowship
in 1951 and was elevated to Emeritus Fellowship in 1974. He died
on June 8, 1985. John J. O'Keefe was elected to Fellowship in
1958 and was elevated to Emeritus Fellowship in 1981. He died
on November 8, 1985. Francis A. Sooy was elected to Fellowship
in 1954 and was elevated to Emeritus Fellowship in 1986. He died
on September 12, 1986. Pierre Viole was elected to Fellowship in
1941 and served the Association as Vice-President in 1957. He was

elevated to Emeritus Fellowship in 1961. He died on April 4,
1986. Albert H. Andrews, Jr, was elected to Fellowship in 1969.
He died on September 26, 1986. Gabriel F. Tucker, Jr, was

elected to Fellowship in 1970 and served the Association as

Historian-Editor from 1977 to 1982, as Vice-President in 1983,
and as President, presiding at the meeting in 1985. He died on

December 8, 1986.

The papers presented at this meeting will be published in the

September-October 1987 issue of the Annals oj Otology, Rhinolo­
. gy & Laryngology.

The library of the Historian-Editor of the Association does not

have a copy of the Transactions for the years 1879-85, 1888-89,
1891, 1893-97, 1899-1915, 1917, 1920-29, 1932-33, 1939, 1940,
1943, 1955, 1958, 1960, 1970, and 1976. The Association will

gratefully receive copies of the missing issues as tax deductible
contributions. A complete set from 1879 through 1986 belonging
to the Association is maintained in the library of the Eye and Ear

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

$2.00 per copy for the years 1918, 1942, 1944-49, 1951, 1953-54,
1958-59, 1962, 1964-69, 1971-75, 1977-86.

Manuscripts for the 1988 meeting should be in the hands of the
Editor of the Annals oj Otology, Rhinology & Laryngology by
March 1, 1988.

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

REPORT OF THE GOVERNOR OF THE AMERICAN COLLEGE OF SURGEONS

Your Governor has served the American Laryngological
Association over the last year by attending the annual meeting of
the Board of Governors of the American College of Surgeons
(ACS) on October 19, 1986, the meetings of the Advisory Council
of Otorhinolaryngology, and the Maryland chapter of the ACS
executive meetings. There are 3,130 members of the ACS who are

otolaryngologists-head and neck surgeons and make up nearly 7 %
of the total membership of the College.

The ACS over the last year has filed an alternative proposal on

physician reimbursement to the American Medical Association­
Harvard proposal. This effort is a relative value system account­

ing for fee variations by geography, defining payment units for
physician services and other issues of importance to surgery. This
has been developed with the help of the consultant firm, Health
Policy Alternatives.

The primary issue of concern to surgeons across the nation is

professional liability. In response to this issue, the ACS has
created a full-time Department of Medical Liability with a full­
time medical director, Dr Paul F. Nora. This office will help us

take a proactive position in this area.

Other issues of concern that the ACS is addressing include 1)

alternate care delivery systems. There is continued and increased
frustration regarding the rapidly changing environment in the

marketplace. The primary concern is the pressure to join various

organizations that require accepting lower fees. 2) Manpower
needs. Excessive competition and aggressive advertising with pro­
liferation of outreach clinics is resulting from the physician over­

supply. 3) Relations within surgical specialties. There is some con­

cern for the relationship between the surgical specialties over ter­

ritorial dispute. There is thought to be considerable lack of

courtesy and maintenance of ethical standards. 4) Legislative
issues in medical care and graduate medical education. Support of

graduate medical education and the new "same day admit" pre­
sent problems for training, both at the medical school level and
postgraduate level.

The ACS has now begun to take strong and bold moves par­
ticularly in the areas of liability and socioeconomic concerns and

hopefully will lead the way for all surgeons in regard to these is­

sues, which have an impact on patient care and on surgeons.

Respectfully submitted,
Michael E. Johns, MD

Governor, American College of Surgeons
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REPORT OF THE TREASURER

Reports

To the Board of Directors of the
American Laryngological Association

We have compiled the balance sheets of the American

Laryngological Association (a not-for-profit corporation) as of
March 31, 1987, and 1986, the related statements of activity and

changes in fund balance, and additional information for the years
then ended, in accordance with standards established by the
American Institute of Certified Public Accountants.

A compilation is limited to presenting, in the form of financial

BALANCE SHEETS -

MARCH 31, 1987 AND 1986

ASSETS

Current Assets:
Cash .

Money Market Fund .

Accounts receivable .

Deposits .

US Treasury note .

Marketable securities:
Common stocks, at cost (market value

$40,815 and $39,255) .

Total Assets .

LIABILITIES AND FUND BALANCES

Accounts payable .

Prepaid dues income .

Fund Balance .

See accompanying notes to financial statements.

1987 1986

$ 60,476 $128,127
159,729 5,027

2,196 8,442
508

64,978

19,355 13,980
241,756 221,062

1,762
3,450
5,212

$241,756 $215,850

STATEMENTS OF ACTIVITY AND CHANGES
IN FUND BALANCE

FOR THE YEARS ENDED MARCH 31, 1987 AND 1986

1987 1986
Revenues:

Dues .

Tickets - annual meeting .

Tickets - COSM society's distribution ..

Sale of publications .

Donations .

Expenses:
Annual meeting and banquet .

Council travel and expense .

General and administrative expense .

Research conference expense .

Fund expenses :-:-- .

Miscellaneous .

Excess of Revenues over Expenses .

Investment Income .

$17,593 $ 17,625
8,385 7,650
9,680 719
2,177 2,036

15,385 125

53,220 28,155

17,573
3,837

16,513
2,250
2,025

20

12,475
4,919

13,235

3,232

33,861
(5,706)
20,168

42,218
11,002
14,904

Excess of Revenues and Investment
Income over Expenses .. . . . . . . . . . . . . . . 25,906 14,462

Fund Balance, beginning of year. . . . . . . .. 215,850 201,388
Fund Balance, end of year $241,756 $215,850

See accompanying notes to financial statements.

statements, information that is the representation of manage­
ment. We have not audited or reviewed the accompanying finan­
cial statements and additional information and, accordingly, do
not express an opinion or any other form of assurance on them.

Wolfe, Nilges, Nahorski
Certified Public Accountants

St Louis, Missouri
April 9, 1987

SCHEDULE OF MARKETABLE SECURITIES
MARCH 31, 1987

Stocks
American Telephone &

Telegraph
Ameritech
Bell Atlantic"
Bell South
IBM
McDonnell Douglas
McIntyre Mines Ltd
Nynex]
Pacific Telesis]
Southwestern Bellt
US Steel (USX)
US West

*2 for 1 split, March 12, 1986.

i2 for 1 split, March 20, 1986.

f2 for 1 split, March 28, 1986.

,2 for 1 split, Feb 7, 1986.

Cost

200 shares $ 3,093
20 shares 1,122
40 shares 1,138
60 shares 1,471
40 shares 1,321

165 shares 1,194
15 shares 675
40 shares 1,068
40 shares 897
20 shares 1,030

250 shares 5,375
40 shares 971

----

$19,355

See accompanying notes to financial statements.

Market
Value

$ 4,725
1,808
2,700
2,385
6,005

12,891
486

2,646
1,066
2,343
7,031
2,200

$46,286
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SCHEDULE OF INDIVIDUAL TRUST FUNDS FOR THE YEAR ENDED MARCH 31, 1987

Receip_ts
Fund Balance Investment Fund Balance

3/31/86 Revenues Income Total Disbursements Transiers 3/31/87

Daniel C. Baker, Jr, Memorial Fund $ 34,482 $ $ 2,475 $ 2,475 $( 2,025) $ 34,932
Casselberry Fund ................ 19,226 1,383 1,383 20,609
Johnston Fund ................... 19,136 1,383 1,383 20,519
De Roaldes Fund ................. 10,816 786 786 11,602
Newcomb Trust Fund ............ 7,508 539 539 8,047
Newcomb Prize Fund ............. 1,746 131 131 1,877
Research Fund .. : ................ 79,197 150 5,719 5,869 $ 2,140 87,206
Memorial Fund .................. 29,465 225 2,140 2,365 (2,140) 29,690
Gabriel F. Tucker Fund ........... 9,635 9,635 9,635

Subtotal .................... 201,576 10,010 14,556 24,566 ( 2,025) 224,117
General Fund ................... 14,274 43,210 348 43,558 {40,193} 17,639

Total ...................... $215,850 $53,220 $14,904 $68,124 ${42,218} $ $241,756

See accompanying notes to financial statements.

NOTES TO THE FINANCIAL STATEMENTS - MARCH 31,1987

1. Organization and summary of significant accounting policies
General. The American Laryngological Association (the Association) is a nonprofit corporation organized for the advancement and promotion of the

study of the science of medicine and surgery, devoting special attention to the upper aerodigestive tract, and to engage in and to encourage research with
respect thereto. This includes the elevation of standards of the fundamental study and teaching of rhinology and laryngology in the undergraduate and
postgraduate medical schools of America, the publishing annually of the proceedings of this Association, and the honoring of those who, by their contribu­
tions in the field of rhinology and laryngology, have aided in its advancement.

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

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

2. Federal income taxes

The Board is exempt from federal income tax under the provisions of section 501(c)(6) of the Internal Revenue code of 1954.

3. Allocation of investment imcome

Interest on US Treasury notes, Certificates of Deposit, Money Markets, as well as dividends on common stock, are credited as income to the Trust Fund.
Trust Fund income is further allocated to each individual fund in the ratio each fund bears to the total value of the trust funds at the beginning of the year, ex­

cept that by action of the Council on January 3, 1976, current income from the Memorial Fund is to be transferred to the fund balance of the Research Fund.

Respectfully submitted,
John M. Fredrickson, MD
Treasurer

REPORT OF THE LIAISON DIRECTOR
OF THE AMERICAN BOARD OF OTOLARYNGOLOGY

The following information summarizes the activities and

developments of the American Board of Otolaryngology (ABO)
for the year 1986.

ELECTION

At the October 1986 business meeting, the Directors of the
Board elected Dr H. Bryan Neel III, from Rochester, Minnesota,
as a new member of the Board of Directors, replacing Dr Richard
R. Gacek who had resigned.
EXAMINATION RESULTS

There were 387 candidates who participated in the September
1986 written examination. Of these candidates, 174 (45 %) passed
on the basis of the written examination and were certified; 137

(35 % ) became candidates for the oral examination, and 76 (20 % )
failed. The oral examination was conducted in Chicago, in March
1987, with 129 candidates being examined; 100 (78 % ) passed and
were certified and 29 (22 %) failed. The overall pass/fail rate on

the basis of both examinations was 72 % passed and were certified
and 28 % failed. In the previous year the pass/fail rate was 62.7 %
and 37.3%, respectively.
RECERTIFICATION

Several members of the Board of Directors attended the March
Conference on Recertification of the American Board of Medical
Specialties (ABMS).

The COCERT committee of the ABO has planned the program
for the retreat of the Board to be held in June 1987. This retreat is

dedicated to a study of recertification and further development of
the Board's posture about recertification.

The ABMS, at its September 1986 meeting, approved in princi­
ple the outline for recertification that had been described by the
ABO. This was a brief proposal submitted to the ABMS without

any explicit definition of the actual process to be adopted, except
that time-limited certificates were planned to be issued in 1989
and that the recertification process would occur at an interval of

every 7 years thereafter, with the first ABO recertification oppor­
tunity to be offered in 1995. The absolute requirements for ABO
recertification have not been spelled out.

At this time, it is fair to say that the ABO is completely reassess­

ing its position about recertification. In part, this is due to the

disappointment of several members of the Board of Directors con­

cerning what other specialty boards that have adopted recertifica­
tion processes are doing, and how recertification seems to work
and what it really means. Surely one of the major outcomes of the
ABO retreat on recertification in June will be a complete reassess­

ment of the ABO position in this regard.
ADDED QUALIFICATIONS

There has been no activity in the added qualifications area.

However, the ABO has requested that the Residency Review
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Committee for Otolaryngology develop guidelines for fellowship
programs that could possibly lead to added qualifications in sever­

al areas, if merited.

REDESIGNED CERTIFICATE

As announced in the newsletter, the ABO approved a rede-

Reports

signed certificate at its October meeting. This action and subse­

quent announcement in the ABO newsletter led to litigation that
is pending.

Respectfully submitted,
Eugene N. Myers, MD
Director, American Board of Otolaryngology



RECIPIENTS OF THE DE ROALDES AWARD

1928 Chevalier Jackson
1931 D. Bryson Delavan
1934 Harris P. Mosher
1937 Lee Wallace Dean
1943 Ralph A. Fenton
1949 George M. Coates
1951 Arthur W. Proetz
1954 Louis H. Clerf
1959 Albert C. Furstenberg
1960 Dean M. Lierle

1961 Frederick T. Hill
1966 Paul H. Holinger
1970 Francis E. Lejeune
1973 Lawrence R. Boies
1976 Anderson E. Hilding
1979 Joseph H. Ogura
1982 John J. Conley
1985 John A. Kirchner
1985 Charles M. Norris
1987 Walter P. Work

RECIPIENTS OF THE CASSELBERRY AWARD

1923 George Fetterolf
and Herbert Fox

1928 Ralph A. Fenton
and O. Larsell

1929 Richard A. Kern
and Harry P. Schenck

1929 Edward H. Campbell
1931 Arthur W. Proetz

1934 Anderson C. Hilding
1936 Francis E. Lejeune

and Joel J. Pressman
1939 H. Marshall Taylor

and Brien T. King
1940 French K. Hansel
1941 Noah D. Fabricant
1946 Paul H. Holinger

1949 Henry B. Orton
1962 Hans von Leden
1966 John A. Kirchner

and Barry D. Wyke
1968 Joseph H. Ogura
1985 H. Bryan Neel III
1987 Joseph J. Fata

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. Richards
1967 Joseph H. Ogura
1968 Walter P. Work
1969 John A. Kirchner
1970 Louis H. Clerf
1971 Daniel C. Baker, Jr
1972 Alden H. Miller

1973 DeGraaf Woodman
1974 John J. Conley
1975 Francis W. Davison
1976 Joseph L. Goldman
1977 F. Johnson Putney
1978 John F. Daly
1979 Charles F. Ferguson
1980 Charles M. Norris
1981 Stanton A. Friedberg
1982 William M. Trible
1983 Harold G. Tabb
1984 Daniel Miller
1985 M. Stuart Strong
1986 George A. Sisson
1987 John S. Lewis

RECIPIENTS OF THE GABRIEL F. TUCKER AWARD

1987 Seymour R. Cohen
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THE MEMORIAL AND LARYNGOLOGICAL RESEARCH FUNDS

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

MEMORIAL FUND DONORS

Mrs Daniel C. Baker, Jr

Daniel C. Baker, Jr

John F. Barnhill

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

George Fetterolf
Joseph L. Goodale
William E. Grove
Gordon F. Harkness
Frederick T. Hill

George E. Hourn
Samuel Johnston
James E. Newcomb
Henry B. Orton

Lup Q. Pang
Pediatric Anaesthesia

Associates, Ltd, of the
Childrens Memorial

Hospital of Chicago
Loring W. and Mrs Pratt

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

Francis L. Weille

Eiji Yanagisawa

BENEFACTORS

Mrs Sally Sample-Aall
Mrs Daniel C. Baker, Jr

Edwin N. Broyles
Louis H. Clerf
Seymour R. and Mrs Cohen
John J. Conley
John F. Daly
Francis W. and Mrs. Davison
Stanton A. Friedberg

Thomas C. Galloway
Joseph L. Goldman
Robert L. Goodale

Edley H. Jones
Zelda Radow Weintraub

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

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

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

FABRICIUS OF AQUAPENDENTE

LORING W. PRATT, MD

BALTIMORE, MARYLAND

Fabricius of Aquapendente was appointed Professor of Anatomy at The University of Padua in 1565 where he taught, did research on

the comparative anatomy of the larynx and eye, speech in animals, the development of the chick embryo, the valves of the veins, and other

interesting anatomic problems. His work on the venous valves laid the foundation for his student, William Harvey, to solve the riddle of the
circulation of blood. His contribution to laryngology was the fine anatomic detail of his comparative anatomic studies and his demonstra­
tion of the relationship of form to function.

KEY WORDS - anatomy history, Fabricius of Aquapendente.

Born in 1533, in the small town of "hanging
waters" near Orvieto, Italy, and so named for near­

by cascades of the turbulent Paglia rushing to join
the Tiber on its way to the sea, called Aquapen­
dente, Hieronymus Fabricius (Girolamo Fabrizio)
grew up halfway between Rome and Siena (Fig 1).

His was an old and respected family. Although
prior to his birth, the family had lost much of its
former wealth and station, it was not impecunious
and had adequate means for his rearing and educa­
tional needs. As a child Fabricius was noted for his

extraordinary memory, keen mind, industry, and
obedience, as well as his straightforward, candid
dealings with others, and his overall amiable good
nature.

He studied in Padua - first Greek and Latin and
then logic and philosophy. He later entered the
School of Medicine in Padua at age 17 and was for­
tunate to be a student of Gabriele Fallopius (Fig 2)
who permitted him to assist in the dissecting room

and to accompany him on rounds. (This was the age
when the anatomist was also surgeon and physician
and divided his time between teaching duties and
clinical responsibilities.) He received his degree in
medicine and philosophy from the University of
Padua in 1559 .'

Fabricius was enthusiastic in his practice of medi­
cine and surgery and treated many distinguished
patients including Cosimo de' Medici II and Gali­
leo, and consulted with many noted physicians, for
example, Girolamo Mercuriale (author of the first
clinical work on otology) and Gasparo Tagliacozzi
(the early plastic surgeon who devised a method to

reconstruct the face following amputation of the

nose). Fabricius strove to perfect his knowledge of
anatomy and asked to assist Fallopius at surgery,
where his anatomic knowledge was both essential to

and broadened by this work. He was appointed to

the Chair of Surgery at Padua on April 10, 1565, 2

years after the death of Fallopius, during which
time the Chair had remained vacant. In addition to

his surgical duties, he also taught anatomy. He was

eventually promoted to the title of Supraordinarius
in both surgery and anatomy.

Teaching anatomy in those years was quite dif­
ferent from today. Unembalmed bodies were dis­
sected in a special wooden amphitheater, modeled
on the Colosseum in Rome (Fig 3). It was assembled
outdoors to house observers of the anatomic dissec-

Fig 1. Hieronymus Fabricius, 1533-1619.3

From the Department of Otolaryngology-Head and Neck Surgery, The Johns Hopkins Medical Institutions, Baltimore.

Presented at the meeting of the American Laryngological �ociation, Denver, April 25-26, 1987.

REPRINTS - Loring W. Pratt, MD, 37 Lawrence Ave, Fairfield, ME 04937.
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Fig 2. Gabriele Fallopius, 1523-1562.4

tion and make certain that all observers had paid
their fees. The theater was disassembled and re­

moved following completion of the course, to be re­

assembled in time for the next course. In 1583 the
anatomy course was moved indoors but was held in
the same portable anatomy theater, assembled
within a room with dimensions of 25 by 30 ft (7.5 by
9 m) in the medical college. This portable amphi­
theater provided crowded accommodations for 300
observers standing in six tiers of galleries around a

small oval platform that supported the cadaver and
the participants in the dissection. Light was pro­
vided by two candelabra each bearing three candles
and supplemented by eight lamps held and posi­
tioned by students. It was not until 1594 that a per­
manent amphitheater was built and inaugurated by
Fabricius to house the anatomic dissections. In
honor of the event, free admission to the dissections
was offered in the amphitheater that today bears his
name.

1.2

Fabricius was a vigorous worker and from 1563
to .1565 gave private instruction in anatomy. He
was somewhat temperamental and at times had to
be cajoled into giving the annual anatomy course.

On other occasions, especially when competition
from Giulio Casserio (whose text shows the first
drawings of tracheotomy" and who gave private
lessons) and others appeared on the scene, he
responded in entrepreneurial fashion and carried on

above and bey�md the call of duty in producing a

Fig 3. Dissection amphitheater. 3

first-quality course of instruction. He occasionally
skipped a year of these performances, especially to

the sorrow of new students, who properly felt short­

changed if the course was not given � He was of the
era when anatomic knowledge was the most impor­
tant facet in the training and practice of medicine
and he was, like most early anatomists, much in­
terested in the study of comparative anatomy, in
which field he did enormous work. He felt that a

good understanding of comparative anatomy was

essential to proper interpretation of action and
function as represented in the anatomic specimen in
humans. In truth, he was not nearly as devoted to

teaching as to research. 4

There is an interesting feature of his recorded ac­

tivity. Although he was appointed Professor of
Surgery in 1565 and Professor of Anatomy a short
time later and was reported to be an active worker
in anatomy for long before that, his first publica­
tion was in 1600. One may hypothesize that in those
35 years he dissected, made drawings, and collected
the information upon which he was to draw for his
writings in later years. Yet it seems strange that a

teacher and scientist would not publish in that long
period of time and then produce a number of valu­
able books when he had reached and exceeded the
age of 67. This is more understandable when one

realizes that attendance at his anatomy instructions

might have been somewhat curtailed had he pub­
lished his work as a young man. The masters in
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Fig 4. Plate showing dissection of ox, pig, and sheep laryn­
ges." (Courtesy of Blocker History of Medicine Collections,
Moody Medical Library, The University of Texas Medical
Branch, Galveston.)

those years often published at the end of their ca­

reers in a bid for some sort of immortality that
would not interfere with the popularity of their

teaching sessions.

In the course of dissection, Fabricius made a

careful study of the comparative anatomy of the
larynges of the human, horse, ox, sheep, and pig
(Figs 4-6),5 and he is credited with being the origi­
nator of the concept of comparative anatomy. Al­

though it has been said that he made no real effort
to compare the homologous structures from one spe­
cies to another, it seems unlikely that the beautiful
morphologic material he presents in his atlas could
have been produced without his awareness of these
relationships. The illustrations found in his atlas
clearly point out the excellent knowledge he had of
the descriptive anatomy of this organ for which our

Society is named. His first publication, De Larynge,
Vocis, Instrumento, was printed in Padua by Lau­
rentius Pasqualus and was published in Venice in
1600 by Jacobus Valegius. The individual sections
"De Voce," "De Visione," and "De Auditu" (Fig 7)
were each dedicated to one of the senators whose in­
fluence in the Venetian senate had helped with the

Fig 5. Plate showing drawings of dissections of larynx of
human, chicken, pig, and horse." (Courtesy of Blocker
History of Medicine Collections, Moody Medical Library,
The University of Texas Medical Branch, Galveston.)

attainment of his title and the appended salary.
This volume was followed in 1603 by another vol­
ume, De Brutorum Loquela, 6

a treatise on phona­
tion of animals, which certainly was a result of his
interest in the comparative anatomy of the larynx.

Fabricius's original works were Pentateuchas
Chirurgicum, published in 1592 and edited by Jo­
hann Hartman Berger, without his permission or

approval; De Larunge, Vocis Instrumento (De
Voce, De Visione, De Auditu) (1600); Tabulae Ana­
tomicae (1600); De Brutorum Loquela (1603); De
Venarum Ostiolis (1603); De Musculo Artijicio, Os­
sium de Articulationibus (1614); De Respiratione et

Eius Instrumentis, Libri duo (1615); De Gulo, Ven­

triculo, Intestinis Tractus (1618); De Motu Locali
Animalis Secundum Totum (1618); Hieronymi Sen­
is De Totius Animalis Integumentis Opusculum
(1618); and Operatives Chirurgicae (1619), pub­
lished by Fabricius as an addendum to the Penta­
teuchas.

Fabricius was one of a distinguished group of Pa­
duan teachers and scholars including Alessandro
Benedetti, who encouraged dissection by the stu-
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Fig 6. Plate showing dissection of organs of speech."
(Courtesy of Blocker History of Medicine Collections,
Moody Medical Library, The University of Texas Medical
Branch, Galveston.)

dent, and Andreas Vesalius, who believed that the
physician must dissect bodies and who first de­
scribed the technique of removing the temporal
bone for dissection, described the malleus and the
incus, and gave them their names." Realdo Colum­
bo, who first described the pulmonary circulation
and who -believed that on perceiving sound the
ossicles are set in motion, and Gabriele Fallopius,
who studied the course and ramifications of the
acoustic nerve, described the inclination of the tym­
panic membrane, and discovered that in the fetus
the tympanic ring is separated from the temporal
bone, were other members of this distinguished
company of anatomists and teachers from Padua.

Fabiricius married Violante Vidal and was pre­
deceased by her in 1618. They had no children, but
Fabricius had adopted a grandniece, Semida, on

the death of her father. Although Fabricius had an

illegitimate son who studied medicine and became a

doctor, he and his father quarreled and went their

Fig 7. First page of Fabricius's treatise on larynx." (Cour­
tesy of Blocker History of Medicine Collections, Moody
Medical Library, The University of Texas Medical Branch,
Galveston.)

separate ways. Fabricius lived quietly in retirement
after the loss of his wife and was attended by
Semida. He became ill on May 13, 1619, and a few
days later died and was buried sine titulo in the
west cloister of the Franciscan church in Padua on

May 23, 1619.

Fabricius was the last of the great anatomists for
whom tradition was the controlling factor in his
thought. Even though he discovered the valves in
the veins, he persisted in upholding Claudius
Galen's view that the venous blood moves outward,
away from the heart. According to Fabricius, the
valves serve to delay or impede the outward move­

ment of the blood, rather than to stop its move­

ment. He published one of his most important writ­

ings, De Venarum Ostiolis by way of reporting his

findings. It was William Harvey, Fabricius's cele­
brated student who graduated in medicine from
Padua in 1602, who solved the riddle of circulation,
using Fabricius's work and writings on the veins
and their valves as the cornerstone of his work, as he
later acknowledged. Scientists always marvel at
their predecessors who had the information to un­

ravel a particular problem at their fingertips, yet
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failed to do so because of their adherence to tradi­
tional thought. We would do well to keep this prin­
ciple in mind. 2

In the course of his training with Fabricius,
Harvey had also read Galen, who was the master in
the development of animal experimentation. In­
deed, one of Galen's most celebrated experiments
had to do with laryngeal physiology. The ancients
believed that speech was the highest manifestation
of human intelligence. Although Alexander of Da­
mascus held that control of the voice was under the
direction of the heart, Galen was able to demon­
strate that this was not true by dissecting and
ligating the recurrent laryngeal nerves of a living
animal in a public demonstration, thus showing the

primacy of the brain in the control of the voice. 7

Study of the life and work of Fabricius of Aqua­
pendente clearly demonstrates that there is much in
medicine that is unchanged from his time. True,
our anatomic knowledge is improved, but it exists at

least partly as a result of the foundation he built by
industry and labor. Teaching was not truly his

magnum opus. Even care of the patient was not his
prime concern. Research was his consuming in­

terest, and the proper recording of those studies in

published volumes was the real reason that his
name lives. Without this, his contributions to the
art and science of medicine, would not have been
remembered through the nearly 400 years interven­

ing between his life and our memory of him today.
Even then it was publish or perishl

ACKNOWLEDGMENTS - The author acknowledges with gratitude the assistance of Jerome Bylebyl, PhD, of the Institute of the History of Medicine of
The Johns Hopkins Medical Institutions and of the Institute of the History of Medicine in allowing access to the original works of Fabricius and reproduc­
tion of plates from those volumes in the preparation of this paper. He also acknowledges the help of the Blocker History of Medicine Collection, Moody
Medical Library, The University of Texas Medical Branch, Galveston, in permitting use and reproduction of material from their original works of
Fabricius.
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INTRODUCTION OF GUEST OF HONOR
JOHN S. LEWIS, MD

LORING W. PRATT, MD

Born in Medicine Hat, Alberta, Canada, at that
time a town of 8,000 people, which had been dis­

tinguished some years before by a visit from

Rudyard Kipling, John S. Lewis enjoyed the many
advantages of a rural upbringing. While Kipling
was visiting this natural gas-producing region, a

new well was "brought in" and the escaping gas ig­
nited, sending a flame far into the heavens; Kipling
then observed that "Medicine Hat has all Hell for a

basement."

It was in this environment that Jack grew up and
received his primary education. He went to the Uni­

versity of Alberta and graduated in Medicine in
1943. Immediately following his graduation, he en­

tered the Royal Canadian armed forces and served
overseas with the North Nova Scotia Highlanders, a

I

unit that suffered casualties of 60 % during World
War II. He was stationed in England and on the
European continent most of the time and partic­
ipated in the termination of hostilities from a loca­
tion in northern Germany.

At the close of the war, he went to the University
of Edinburgh where he was trained for 1 year in

general surgery. He returned to the University of
Alberta for didactic training, then went to Edmon­
ton where he remained for 1 year working in the

pathology department. He attended the University
of Pennsylvania from 1948 to 1950 as Resident in

Otolaryngology under the watchful eye of Harry
Schenck, MD.

It was during the period of his residency that he
made the most important move of his lifetime,
which influenced his entire career most favorably.
He married Marion DeLong, a Johns Hopkins's
trained dietitian, who has been Jack's willing help­
mate and major supporter ever since. In his words,
"I don't know how I could ever have gotten along
without her."

During the course of his medical training, and
especially-during residency, he became impressed
with the fact that radiation therapy by itself was

not enough to cure cancer of the head and neck. He
searched in the realm of surgical excision for a

technique to prevent the terrible recurrences that

plagued patients and doctors alike. With this clear­
ly defined purpose, he became a Special Fellow at

the Memorial Hospital in New York City in 1950,
and in 1951 he joined the staff as an associate at­

tending physician. Head and neck surgery was un­

der the direction of the world-renowned pioneer,
Hayes Martin. At this point, the late Dr Frank Keirn
had just left Memorial to practice in Newark; Dr
Martin needed someone to replace Keirn, and John

Lewis was on the scene. He scrubbed with Dr Mar­
tin and established a relationship that continued
lifelong as a relationship of mutual understanding
and respect.

Jack's history of medical affiliations is impressive.
He joined the staff of Roosevelt Hospital in 1951
and served as Chief of Otolaryngology from 1967 to
1984. During that time he built the Department of
Otolaryngology from nothing to one that had a

residency accredited by the Residency Review Com­
mittee. During those years he also was Associate
Clinical Professor of Otolaryngology at Columbia
University. He has been president of most of the im­

portant otolaryngologic societies, including the
New York Laryngological Association, the New
York Otological Association, the Section of Otolar­
yngology of the New York Academy of Medicine,
the American Society for Head and Neck Surgery,
and the American Laryngological Association. He
served as Vice-President of the Eastern Section of
the Triological Society and distinguished himself for
his service as Governor of the American College of
Surgeons. He humbly says that one of his greatest
accomplishments is the he "was never in Lewisburg
Penitentiary." A striking example of his humble,
self-effacing nature may be taken from a recent ap­
pearance in court as an expert witness. The lawyer
was trying to establish him as an unusually well­
qualified and able physician and he asked, "Is it
true, Dr Lewis, that you have been President of

18
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many of the prestigious medical societies?" Jack
responded "Yes." "And how do you account for
this, Doctor Lewis?" "Just lucky, I guess."

Jack has been one of those remarkable otolaryn­
gologists who entered the specialty when it was at
its lowest ebb, the days when sulfonamides and an­

tibiotics had destroyed the need for surgery for sep­
tic conditions. He recognized the opportunity to ex­

pand the efforts of otolaryngology into fields that
were then desperately in need of new concepts upon
which ablative surgery with subsequent (and now

often simultaneous) reconstruction of the cancer pa­
tient is based. Jack picked one of the most for­
midable of these areas, the temporal bone, and is
indeed the world's authority on the management of
cancer in this difficult area, having the largest series'
of cases reported in the English (and probably the
world) literature.

19

By his example and leadership, as one of the
founding fathers of the American Society for Head
and Neck Surgery, and his diligence in helping
others to gain recognition in this field, head and
neck surgery is now clearly and universally recog­
nized as the proper province of the otolaryngol­
ogist-head and neck surgeon. He has served on

committees from both the American Society for
Head and Neck Surgery and the Society of Head
and Neck Surgeons, helping to develop a fellowship
program directed to training superbly qualified
head and neck surgeons - most of whom have been
otolaryngologists.

Dr John S. Lewis is a fine exemplar of the noblest
ideals of the medical profession, and, best of all, he
has been my friend for many years. Jack, I salute
you!



GUEST OF HONOR ADDRESS

JOHN S. LEWIS, MD

It is a wonderful feeling to be uniquely honored

by a Society that I hold in such high esteem. The
honor is greatly enhanced by being selected for this
tribute by your President, who is revered by all of
our societies and has had such a key role in the

leadership of our specialty. Our scientific program
reflects the considered melding of all facets of

laryngology: research, clinical challenges, and the
21st century concept of "flow cytometry." What a

wonderful and stimulating annual meeting our

president has programmed for us!

When I look down memory lane, the faces of my
old chiefs of otolaryngology at the University of

Pennsylvania come into focus. What a great tri­

umph it was for Drs Harry Schenck and Edward
Campbell to have won the Casselberry Award in
1929 and for Dr Schenck again to win the pres­
tigious Newcomb Award in 1959. These men were

, great catalysts in my desire to be a part of this elite
Society.

The training in laryngology in Philadelphia after
World War II was primarily in diagnostic endos­

copy using rigid tubes, with the laryngologist in­

volved in laryngoscopy, bronchoscopy, esophagos­
copy, and gastroscopy. Occasionally, a laryngec­
tomy would stimulate the surgical appetite. Dr

Joseph P. Atkins ran the service at the Hospital of
the University of Pennsylvania, Dr Louis H. Clerf
at Thomas Jefferson University Hospital, and Dr
Chevalier L. Jackson at Temple University Hospi­
tal. Cancer of the larynx was treated as a surgical
problem, and Dr Clerf was preeminent. All other
head and neck cancer was irradiated, most often
with dire results. In 1950, I arrived at Memorial

Hospital prepared to learn newer approaches to the

management of head and neck cancer. It was a

heady experience under the direction of Dr Hayes
Martin. Not only did one see hundreds of surgical
problems, but one was involved in setting up the

patients for radiotherapy. I joined the head and
neck teaching staff in 1951.

'

I arrived at Memorial Hospital in 1950 with great
expectations. The war had given us great experience
with the management of trauma cases. Rapid blood
replacement, safe anesthesia, and antibiotics had
transformed the entire spectrum of surgical care.

Radiotherapy had been the standby for all cancer

cases at this large cancer institution for decades.
The majority of head and neck surgical procedures
such as radical neck dissection, maxillectomy, and
laryngectomy had been developed elsewhere. These
procedures were modified and used extensively in
the treatment of a multiplicity of head and neck
cancers. The commando operation was developed
at our institution, parotidectomy with facial nerve

dissection was popularized, and one-stage subtotal
resection of the temporal bone for cancer first was

described.

Hayes Martin's office was a veritable mecca for
head and neck cases from allover the world. The
overflow from his office came to the head and neck
clinic, where the younger attending physicians
managed their problems. The house staff came

from every part of this country and the four corners

of the globe. The spin-off from this department in­
cluded the foremost teachers of oncologic surgery
around the world and the formation of the surgical
oncologic societies. It was my good fortune to be

part of the team that built up a great teaching ser­

vice and gave the impetus to the operative aspects of
head and neck surgery that are used in our specialty
today.

Surgery will continue to be the key modality
along with more sophisticated radiotherapy in the
primary management of head and neck cancers.

With the use of routine postoperative radiotherapy,
we are curing more primary head and neck cancer

but are seeing far more distant metastases than
before. Chemotherapy is used widely for advanced
cancer, but has a devastating effect on the immune

system. An ideal single agent has yet to be found, so

that a protocol of multiple agents is frequently used
in advanced squamous carcinomas of the head and
neck.

-

Currently we are faced with a perplexing prob­
lem of autoimmune deficiency disease transmitted

by blood and semen in our homosexual population
and intravenous drug abusers. Kaposi's sarcoma

presents frequently in the head and neck area and is
a strong challenge to the laryngologist and oncolo­

gist.
We have overcome the challenges of the past, and

we shall overcome the medical challenges of the
present. Let us hope that the future generations of
laryngologists will maintain the high standards of
professional excellence set forth by our Association
and forever continue its great traditions.
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BIOGRAPHY OF GABRIEL F. TUCKER, SR

J ORN A. TUCKER, MD

Few men have figured as prominently in the
founding and development of a medical specialty as

has Dr Gabriel F. Tucker, Sr, in the field of bron­
chology, esophagology, and laryngeal surgery.

Gabriel Tucker, Sr, was born in 1880 on a small
island in the Ohio River, at Wheeling, West Virgin­
ia, the son of a farmer. His mother died during his

infancy of tuberculosis, and he was raised by his

grandmother and stepmother. He received his edu­
cation in Fairmont, West Virginia, and matricu­
lated at the College of Physicians and Surgeons of
Baltimore in 1901. In 1903, he returned to West

Virginia with an exacerbation of what was consid­
ered tuberculosis.

In late 1903, he entered Jefferson Medical Col­

lege and was a graduate of the class of 1905. He
served as a resident in surgery at Mercy Hospital in

Pittsburgh for 3 years and became associated with
Dr C. Dickenson in otolaryngology and Dr R. Stew­
art in general surgery.

In 1910 he went into general practice in Can­
nonsburg, Pennsylvania. It was during these Pitts­

burgh years that first he contacted Dr Chevalier
Jackson on professional consultation.

In 1917 he joined the army with the rank of cap­
tain under the command of Colonel G. Snyder, a

classmate from Jefferson, who later became Presi­
dent Dwight D. Eisenhower's personal physician.
On discharge from the service in 1919, he returned
to Philadelphia seeking a surgical specialty. On the
advice of Dr Lawrence Flick, Chief of Medicine at

the Pennsylvania Hospital and author of a major
treatise on tuberculosis, he contacted Dr Chevalier

Jackson and an "exciting new specialty." It is in­

teresting to speculate on the similar geographical
background and common subjective bond in tuber­
culosis that may have motivated the association of
Dr Jackson and Dr Tucker at Jefferson Medical Col­

lege and Hospital "in a bronchoscopic clinic in a

backroom. "

In 1921, a clinic, the first in the world devoted to

bronchoesophagology, was established at the Grad­
uate School of Medicine at the University of Penn­

sylvania Hospital; Dr Tucker became a charter
member of the department and a recognized, ac­

complished, dedicated teacher.

In 1930, he resigned from Jefferson and from that
time until 1947 was Professor of Bronchology and
Esophagology in the Graduate School of Medicine
at the University; in 1932, instruction in laryngeal
surgery was added to that in bronchoesophagology.
In 1949, an anonymous donor established the Ga­
briel F. Tucker Chair of Bronchoesophagology and
Laryngeal Surgery.

The Gabriel Frederick Tucker Family, Christmas 1930.

Standing - Gabriel Frederick, Sr; from left to right -

Chevalier Jackson, Gabriel Frederick, Jr, John Anwyl, and
Beatrice Jarvis.

Dr Tucker also established bronchoscopic clinics
at multiple Philadelphia hospitals including, in

1930, the Children's Hospital of Philadelphia.
Dr Tucker had considerable mechanical ability

and contributed a number of original and modified
instruments including pediatric endoscopes, twin­

lighted endoscopes, endoscopic forceps, pediatric
tracheotomy tubes, a valvular talking tracheotomy
tube, and Tucker retrograde bougies. The latter
was first presented nationally as a candidate's thesis
for the Triological Society in 1924, the same year
that Gabriel, Jr, was born. The retrograde method
of esophageal dilatation in cases of cicatricial

esophageal stenosis has found wide application with
its safety and efficiency over these many years.

Among Dr Tucker's other outstanding contribu­
tions were the recognition of postoperative pulmo­
nary atelectasis and its causes, the popularization of
bronchoscopy for the treatment of postoperative
atelectasis, along with Doctors I. S. Ravdin, W. E.

Lee, and Louis Clerf in 1927, and the pioneering of
color cinematography of the larynx in 1936.
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22 Biography of Gabriel F. Tucker, Sr

In 1923, Dr Tucker married Beatrice Jarvis of
Philadelphia. They had three sons, Gabriel, Jr,

Chevalier Jackson, and John (see Figure). He died
at home in 1958, at the age of 77.

ORIGINAL INSTRUMENTARIUM
Tucker GF. A bronchoscopic tack- and pin-forceps. Laryngo­

scope, December, 1922.

Tucker GF. A bronchoscopic double point grasping staple for­
ceps. Ann Otol Rhinol Laryngol 1925;34:772-3.

Jackson C, Tucker GF, Clerf LH. Laryngostasis and the laryn­
gostat. Arch OtolaryngoI1925;1:167-9.

Tucker GF. Retrograde laryngoscope. Ann Otol Rhinol Laryn­
gol 1925;34:774-5.

Tucker GF. Bronchoscopic lipiodol instillation tubes. Ann Otol
Rhinol Laryngol 1927;36:272-3.

Tucker GF. Technic of bronchoscopic introduction of bismuth
subcarbonate and iodized oil, 40 per cent, for pneumonography.
Arch Surg 1927;14:175-83.

Tucker GF. An endoscopic dilator for stretching the hiatal
esophagus in preventriculosis (so-called cardiospasm). Trans Am
Bronchoscopic Soc 1929: 13-15.

Tucker GF. An infant bronchoscope. JAMA 1932;99:1899-902.
Tucker GF. An infant esophagoscope and gastroscope. Ann

Otol Rhinol LaryngoI1932;41:1269-72.
Tucker GF. A forceps for measuring the larynx. Trans of Sec-

tion on Laryngol Otol Rhinol of the Am Med Assoc, Philadelphia,
1930.

Tucker GF. Apparatus for treatment of laryngeal stenosis.
Trans of Section on Laryngol Otol Rhinol of the Am Med Assoc,
Philadelphia, 1930.

Tucker GF. Three laryngeal instruments. Ann Otol Rhinol

Laryngol 1934;43: 1128-30, 1132.

Tucker GF. A technique for motion picture photography of the

larynx in color. Trans Am Laryngol Assoc, 1939.

Tucker GF. (1) A child size esophago-gastroscope; (2) an adult

esophago-gastroscope. Ann Otol Rhinol Laryngol 1936;45:1179-
80.

Tucker GF. Cardiospasm: a pneumatic-mercury dilator. Ann
Otol Rhinol Laryngol 1939;48:808-16.

Tucker GF. A laryngectomy tube screen. Philadelphia.
Tucker GF. A modification of the Mackenty artificial larynx.

Trans Am Laryngol Assoc 1941;63:138.
Tucker GF, Lautz V, Tracy JB, Fearon BW. The diagnosis and

treatment of benign stenosis of the esophagus, with special refer­
ence to treatment by dilatation with the indwelling cannulated
bougie. Ann Otol Rhinol Laryngol 1950;59:823-36.



PRESENTATION OF THE GABRIEL F. TUCKER AWARD TO
SEYMOUR R. COHEN, MD

LORING W. PRATT, MD

In July 1987, Gabriel F. Tucker, Jr, wrote me

that he had set aside $5,000.00 in his will to be paid
to the American Laryngological Association after
his death for the purpose of establishing an award
to be known as the Gabriel F. Tucker Award. The
interest money from this gift is to be used by the
Association at its discretion to provide an hon­
orarium for a guest speaker at Association meetings
on the subject of pediatric laryngology, or to pre­
sent a medal in any given year to an individual of
noted achievement in that field. In his letter Gabri­
el wrote, "Since pediatric laryngology is something
that was close not only to my heart but to my father's
heart, I think the simple designation Gabriel F.
Tucker Fund will cover it, if this is in accordance
with the will of the Council."

Following Gabriel's untimely death, contribu­
tions were made in his memory, and the fund now

stands at nearly $15,000.00. The Council has ac­

cepted these gifts and is ordering a medal struck for
this award. Gabriel indicated that he would like to

have Seymour R. Cohen be the first recipient of this
medal.

Doctor Seymour R. Cohen was born and edu­
cated in Chicago, obtaining his BS, MD, and an MS
in biochemistry at the University of Chicago. He is a

member of Alpha Omega Alpha, a testimony to his
excellent educational performance. Only after he
had completed his education did he follow Horace

Greely's advice and move west to Los Angeles

where he took his residency training in otolaryn­
gology.

His participation in the affairs of otolaryngology
has led him to memberships in most of the national
societies relevant to otolaryngology, and he has
been the winner of the Triological Award for the
Candidate's Thesis distinguished for its excellence,
The John MacKenzie Brown Award for the most

outstanding paper of the year, the Silver Medal of
the American College of Surgeons for his participa­
tion in the Symposium on Spectacular Problems in

Surgery, and the Chevalier Jackson Award of the
American Broncho-Esophagological Association.

He is a dedicated teacher and has been Clinical
Professor of Surgery in Otolaryngology at the Uni­

versity of Southern California Medical School from
1969 to the present.

Seymour has been a prolific writer and lecturer
over the years. He is a rather quiet man, and his

performances follow an interesting pattern in many
cases. It is quite common for someone to present a

paper on one or two cases of some unusual problem,
and in the discussion Seymour will report on an ad­
ditional ten or 12 cases of the same problem. He has
been a dedicated investigator and teacher, and he
has contributed enormously to the care of children
suffering from laryngeal disease. Because of his

many and continued contributions to this field of
laryngology, it is my pleasure to present the first
Gabriel F. Tucker Award to Seymour R. Cohen.
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RESPONSE OF THE RECIPIENT OF THE
GABRIEL F. TUCKER AWARD

A MEMORIAL TO GABRIEL F. TUCKER, SR

SEYMOUR R. COHEN, MD

Dr Pratt, Dr Myers, Dr Lewis, Mary Tucker, Dr

John Tucker, members and guests of the Associa­
tion. To receive the Gabriel F. Tucker Award is a

highlight of my career as a pediatric otolaryngolo­
gist. I am deeply honored and am very grateful to
the Association and the Tucker family. It was

Cabe's desire that I present a brief history of
pediatric otolaryngology. I accepted this challenge
gladly, but found the subject so extensive that it was

impossible to cover within the short period of time
allotted me. It has, however, stimulated me to
write a more detailed review of the field at a later
date.

ric otolaryngology, and is known for its many con­

tributions to research in and the development of lar­
yngology. The Tucker bougie, so well designed,
safe, and effective, has saved the lives of so many
with congenital and acquired stenotic lesions of the

esophagus, that this instrument alone will perpetu­
ate the family name.

Pediatric otolaryngology, bronchoesophagology,
and laryngology have suffered a great loss with the

untimely death of Gabriel F. Tucker, Jr. We who
were his friends and colleagues share this loss . We
all will miss sorely Cabe's usual pacing in these
auditoriums, and John will miss his "pointer."

The Tuckers, father and sons, were instrumental
in establishing the neophyte subspecialty known as

pediatric otolaryngology. Specialization is not new,
in fact it dates back to ancient Greek medicine.
Over the years, the state of the art has changed
tremendously due to the development of new tech­
nology. Antibiotics, immunizations, and virtual
eradication of diseases such as tuberculosis, syphilis,
diphtheria, and poliomyelitis have also occurred.
The enormity of the advances in radiographic
studies, in surgical techniques including the use of
the laser, in diagnosis and treatment of congenital
defects, and the development of new procedures for
the delivery of anesthesia have all substantially in­
creased the length and depth of training programs.
Audiovisual and other photographic documentation
methods previously impossible in the study of the
child have now become a reality. This subspecialty
is the direct result of concerted efforts on the part of
physicians who were and are dedicated to the care

of the infant and child. It is through such dedica­
tion and planning that the efforts of many culmi­
nated in the establishment of the American Society
of Pediatric Otolaryngology in April 1985. The first
annual meeting was held in Santa Barbara, Califor-

The Section on Otology, Rhinology, and Laryn-
nia, in 1986. I am honored to havebeen elected the gology received independent status in the American

society'sFounding president. Although in its infan-
Medical Association in 1888. Surprisingly enough,

cy, the society will grow and develop; yet like the membership was open to all members of the Ameri-

young still will remain somewhat dependent on its
can Medical Association. Early leaders in the devel-

parent societies, including the important American opment of otolaryngology as a specialty founded

Laryngological Association. Pediatric otolaryngolo-
institutions for the care of the eye and ear diseases.

gy has stimulated great interest and has been ac-
Other pediatric specialties also developed during

cepted by the older, more established specialty or-
this period, and it is strange that there were no spe-

ganizations of otolaryngology.
cialized arrangements made in these institutions to

cooperate with pediatric divisions. While children's
The name Tucker is indelibly etched in the annals hospitals had divisions of otolaryngology, there

of laryngology, bronchoesophagology, and pediat- were no pediatric otolaryngologists as such, and in
From the University of Southern California School of Medicine, Los Angeles.
Presented at the meeting of the American Laryngological Association, Denver, April 25-26, 1987.
REPRINTS - Seymour R. Cohen, MD, 1300 N Vermont Ave, Los Angeles, CA 90027.
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Pediatric otolaryngology unquestionably had its

beginnings in the history of laryngology and bron­
choesophagology. This does not mean that during
this early period of pediatric medicine, the fields of
rhinology and otology and treatment of diseases of
the paranasal sinuses, the tonsils and adenoids, and
neck infections also were not beginning to expand.
In 1941, A� J. Cone presented a paper on diseases of
the sinuses in children in which he stressed the emo­

tional aspects of nasal and paranasal sinus disease.
Heated discussions followed with suggestions that if
emotional causes were of such import, grandmoth­
ers should be killed off, fathers could be kept out of
the picture, and mothers should be relegated to the
bridge club in order to hasten the child's recovery.
As you see, the pediatric psychiatrist's viewpoint
reared its head some 45 years ago. At the same

meeting, Wasson reported the syndrome of bron­
chosinusitis and revealed his findings that if sinusitis
is eradicated, the bronchial disease will subside.
Clearly, the causal relationship has been verified to­

day.
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some instances, they were considered an unneces­

sary burden.

R. Pracy in his Semon Lecture in 1980, hosted by
the Royal College of Surgery, credited Professor Jan
Danielewicz with developingpediatric otolaryngol­
ogy in Poland around the beginning of World War
II. The subspecialty, however, remained confined
to the Eastern Block countries. When the Iron Cur­
tain was "lifted," visiting professors and physicians
from the West began to travel, and it was during
the 1950s that departments of pediatric otolaryn­
gology began to appear in Italy, France, the Feder­
al Republic of Germany, and Scandinavia. A. F.
Pushkin in the USSR, in the early 1930s, aroused in­
terest in direct laryngoscopy with his article on in­
tubation under control of sight, in which he re­

ferred to tracheotomy as "the bloody one" and intu­
bation as "the bloodless one."

The origin of pediatric otolaryngology and head
and neck surgery within the United States and Can­
ada is unknown. The developmental process was

disorganized and haphazard. Papers on various

problems in the pediatric age group began to ap­
pear in the literature and were presented at nation­
al medical societies in increasing numbers.

While laryngology dates back to the pre-Jack­
sonian era, it is Chevalier Jackson who can be con­

sidered the father of pediatric bronchoesophagology
and laryngology. There were many others before
him who pioneered laryngology around the country
and in Canada, and who were stimulated by the

overwhelming and rampant spread of diphtheria.
While intubation had been performed prior to these

epidemics, it was this disease that actually gave im­

petus to intubation for the relief of obstruction and
therefore directed efforts toward pediatric endos­
copy. The specialty began to flower when Chevalier

Jackson moved to Pittsburgh in 1916 and at the age
of 35 was elected to the Chair of Laryngology at the
Western Pennsylvania Medical College. With his
move to Thomas Jefferson University, this strength
broadened greatly to include all of laryngology and
bronchoesophagology. Patients were referred to

him and his associates from all over the world.

Gabriel F. Tucker, Jr, sent me a genealogy of
Jackson and associates in 1975 (see Figure). One sees

in this outline physicians of great prominence who
have impressed medical history through the enormi­

ty of their contributions both during and after the

Jackson era. It is these men and women who have
contributed so much to the foundation of pediatric
otolaryngology, even though their practices also in­
cluded the care of the adult. Notice should be made
of Dr Emily Van Loon, who was probably the first
full-time academician and pediatric laryngologist
in this country. She was placed at the St Chris­

topher's Hospital for Children by Dr Jackson as Di­
rector of Pediatric Laryngology.
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Of all the Jackson associates, it was, Gabriel F.

Tucker, Sr, who became Associate in Broncho­
esophagology at the.University of Pennsylvania and
succeeded Dr Jackson as Professor and Head of the
Department of the Graduate School of Medicine.
He remained in that position until his retirement.

Among his innumerable contributions, he created
new instruments and methods of measuring the in­
fant larynx, and he was first to suggest endoscopy
prior to irradiation of the thymus for the diagnosis
of dyspnea of the child.

In the Midwest, PauCH. Holinger advanced the
cause of pediatric otolaryngology with his mon­

umental work on the diseases of the air and food
passages in the pediatric patient. A chance en­

counter with Joseph Brubaker in 1945 resulted in
the earliest documentation by motion pictures in
the field of laryngology and bronchoesophagology.

On the West Coast, in the early 1930s, Simon

Jesburg became a force in the development of
laryngology and bronchoesophagology. He was in­
novative and redesigned endoscopes so that less
trauma occurred to the delicate structures that were

being examined. He opened the Eye and Ear Hos­

pital, which for many years was used by the Chil­
dren's Hospital of Los Angeles and the Los Angeles
County Hospital for specialized endoscopic needs of
the child as well as the adult.

Associated with Jesberg was Alden H. Miller, a

former President of this Assocation, who while not

exclusively a pediatric otolaryngologist, was promi­
nent in pioneering the causes of problems of the
child's larynx and airway. His classic paper on

epiglottitis caused by Hemophilus influenza type b
alerted both pediatricians and otolaryngologists to
the importance of this highly malignant form of
laryngitis.

Contributors to pediatric otolaryngology were as

follows. Horace Green, Louis Elsberg, Jacob Solis­
Cohen, George M. Lefferts, D. Bryson Delavan,
Emil Mayer, and John N. Mackenzie were pioneers
of laryngology. St. John Roosa, Blake, Green,
Francke H. Bosworth, Deuch, Norval Pierce, and
Duel contributed to early otology. In rhinology,
Morris J. Asch, Otto T. Freer, William L. Ballen­

ger, Harris P. Mosher, Greenfield Sluder, and Ross
H. Skillern all added to our knowledge of the para­
nasal sinuses. In special training centers away from
the Eastern cities, men like Ernest L. Shurly, John
Green, Sr, E. Fletcher Ingals, Joseph C. Beck, Ar­
thur W. De Roaldes, Henry Wagner, Adolph Bar­

kan, John C. Barnhill, Robert Levy, Samuel Iglau­
er, Herbert S. Birkett, and Perry G. Goldsmith all
were at the forefront of otolaryngology.

On the North American continent, in the early
1950s, four physicians limited their practices to

children. These pioneers in pediatric otolaryngolo-
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Chevalier Jackson
(1865-1958)

1910-1914 in Pittsburgh
_----------- Ellen J. Patterson
J before 1915

Philadelrhia .

Chevalier Jackson at Jefferson Medical Schoo and University of Pennsylvania Hospital
Paul M. Moore

Robert M. Lukens
Gabriel F. Tucker, Sr (1919)

Lewis Clerf (1922)
Edwin N. Broyles (1930)*

1
Jefferson Medical College

Lewis Clerf
University of Pennsylvania Hospital

Gabriel F. Tucker, Sr, 1880
(Pediatric Otolaryngology)

Temple University
Parkinson

(Visiting Professor, Columbia University)

t
Chevalier Jackson 1900-1961

Daniel C. Baker, j-r
William A. Lell

Handel (University of Southern California)

John J. O'Keefe

Joseph Atkins
1954 University Professor

Paul H. Holinger

Graduate, 1955

!
Emily Van Loony

l
Justo M. Alonso (Uruguay)

F. Johnson Putney

W. Baltzell
Blair Fearon

(Hospital for Sick Children, Toronto)
Charles Norris

l
MS (1938)

l
Gabriel F. Tucker, Jr

(1962-1975)

James D. Baxter
(Professor at McGill)

John A. Tucker
(Hahnemann)

"johns Hopkins, Baltimore. Magnification of bronchial telescopy. Chief of Bronchoscopic Clinic 1959-1962.

[Columbia University. Professor ofPhysicians and Surgeons until 1974.

[In 1930, graduated from Women's Medical College. Chief of Laryngol()gy at St Christopher's Hospital and at Women's Medical College of Chicago.

Genealogy of Chevalier Jackson and associates according; to Gabriel F. Tucker, Jr.

gy were Charles F. Ferguson, Blair W. Fearon,
Herbert G. Birck, and me.

Charles F. Ferguson served for over 34 years at
. the Children's Hospital Medical Center in Boston.
He is the author of 40 or more papers and chapters
in medical texts and is the author of a textbook on

pediatric otolaryngology published in 1972. He is a

past President of this Association.
.

Blair W. Fearon, at the University of Toronto,
had specialty training under Gabriel F. Tucker, Sr,
at the �tTniversity of Pennsylvania. He returned to

the Hospital for Sick Children in Toronto and was a

pioneer in pediatric otolaryngology. His basic
research on the larynx has been responsible for
many of the procedures used in the treatment of
laryngotracheal stenosis. He is the President-Elect
of this Association.

Herbert G. Birck was trained at the Ohio State
University Hospital in otolaryngology from 1954 to
1957. In 1962 he limited his practice to pediatric
otolaryngology and has been the Chief of the De­

partment of Pediatric Otolaryngology at the Chil­
dren's Hospital in Columbus, Ohio. While his ser­

vice does not have fellowships, he has four residents

receiving specialized training in pediatric otolaryn­
gology.

In the West, an area once considered backward
or lagging in the development of otolaryngology
and laryngology, I became interested in the pediat­
ric patient very early in my career. After training at
the University of Illinois Medical School, I had my
residency at the University of Southern California­
Los Angeles County Medical Center under John
Mackensie Brown, a Fellow of this Association. Af­
ter witnessing the tremendous emotional trauma
suffered by children and, in fact, their parents also
during and after surgery and hospitalization, I de­
cided to direct my attention to resolving what was

clearly something heretofore lacking in pediatric
practice - the avoidance of reinforcing the sep­
aration neurosis in children. Night terrors and re­

gressive behavior such as a return to bed-wetting,
thumb-sucking, fear of going to school, and fear of
maternal abandonment or disappearance fright­
ened the parent and overwhelmed the switchboard.
I saw the critical need to develop a method of pre­
paring child and parent for hospitalization and
surgery. The rooming-in of child and parent was

made apriority, and with these changes I noted



Response oj Gabriel F. Tucker Award Recipient

dramatic and gratifying results. Today, hospitals
have tours for preparing the child and the parent,
and rooming-in is commonplace. Library shelves
are stacked high with books on the subject. This
simple beginning was my motivation for becoming
a pediatric otolaryngologist.

Around 1973, a few members of the American
Academy of Ophthalmology and Otolaryngology
interested in pediatric otolaryngology met in Las

Vegas and created the organization now known as

the Society for Ear, Nose, and Throat Advances in
Children (SENTAC). It grew so rapidly, and its
base became so broadened, that it overwhelmed its

original intent. While ostensibly for pediatric oto­

laryngologists, the organization became filled with
speech therapists and audiologists. Because there
still remained an overwhelming need for a phys­
ician-oriented pediatric group, the Pediatric Study
Group was formed. The first meeting was held un­

der the direction of Charles Bluestone at the Chil­
dren's Hospital in Pittsburgh, and other meetings
were held at major pediatric hospitals with estab­
lished pediatric otolaryngologists such as Robin
Cotton in Cincinnati, Cerald Healy in Boston, and
William Potsic in Philadelphia.

By 1977, the Pediatric Study Group became un­

necessary with the establishment of a Section on Pe­
diatric Otolaryngology within the American Acade­
my of Pediatrics. This section had its first meeting
in 1978 and has served as the main driving force to

establish criteria for the needs of the pediatric pa­
tient.

Of the children's hospitals in the United States,
50 are general hospitals, two specialize in the care

of chronic disorders, 23 are orthopedics-oriented,
15 are of other specialties, 27 are psychiatric, and
ten specialize in rehabilitation.

Thirteen hospitals responded to my survey (per­
sonal review). Among these, six support pediatric
otolaryngology fellowships. Blair Fearon of Toron­
to and Charles Bluestone at Pittsburgh were the
first to initiate pediatric training fellowships in
1975. Training fellowships are available at the

University of Cincinnati under Robin Cotton, the
Albert Einstein College of Medicine, New York, un­

der Robert Ruben, the Boston Children's Hospital
under Gerald Healy, the Children's Hospital in

Washington, DC, under Kenneth Grundfast, the
Children's Hospital of Detroit, under Walter Belen­

ky, and the Hospital for Children in Montreal un­

der Melvin Schloss.

There are other major children's hospitals that do
not have training fellowships as yet. John Tucker
has become the Chairman and full-time Head of the
Department of Pediatric Otolaryngology at the St

Christopher's Hospital for Sick Children in Phila­
delphia. He succeeds Myles Turtz who was Chief of
Otolaryngology at that hospital since 1963. Pedi-
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atric otolaryngology has lost an excellent teacher
and contributor with the retirement of Myles Turtz
from the practice of medicine.

The late Gabriel F. Tucker, Jr, left the Jackson
Clinic and became the first full-time Chief of the

Department of Otolaryngology at the Memorial
Children's Hospital in Chicago in 1975. With his
death, his associates, Lauren Holinger and Carol
Gerson carryon the administration of his depart­
ment.

Roland Eavey became the first full-time Chief of
the Division of Pediatric Otolaryngology at the
Massachusetts Eye and Ear Infirmary in 1980. He is
a board-certified pediatrician and otolaryngologist
and will be of considerable aid in cementing the

relationship of the subspecialty with the pediatric
community.

Francis Catlin is the current President of the
American Society of Pediatric Otolaryngology. He
is also a tremendous force in the establishment of
pediatric otolaryngology as a subspecialty.

In the West, Donald Hawkins, Associate Profes­
sor of Otolaryngology at the University of Southern
California, is Chairman of the Section of Otolar­
yngology of the American Academy of Pediatrics
and is a member of the Board of Directors of the
Society of Pediatric Otolaryngology.

We must credit Mark Richardson, who became
the full-time Chief of the Department of Oto­

laryngology at the Orthopedic Hospital for Chil­
dren in Seattle, for help with the development and
creation of the Society of Pediatric Otolaryngology
of which he is now the Secretary-Treasurer.

On the West Coast, Jerome Thompson, myasso­
ciate of 7 years and a dedicated pediatric otolaryn­
gologist, is on the teaching service at the Children's
Hospital of Los Angeles and is an Associate Clinical
Professor at the University of Southern California
School of Medicine. He is a product of Paul Ward's
training program at the University of California at
Los Angeles, and has' an impressive curriculum
vitae that shows his abilities in basic and clinical
research. To Paul Ward, who has been a major sup­
porter of pediatric otolaryngology, the American

Society owes a great debt.
There are many young pediatric otolaryngolo­

gists who have not been mentioned. This is by no

means an attempt to demean their importance. It is

only because of time constraints and space limita­
tions that they have not been introduced to you.
Their places in the sun will come at another time.

To the Tucker family and for the world of chil­
dren, many thanks for this award. I could not help
but add a word of thanks to my wife, Dee, for her

patience and love in spite of the many hours of
absence and delayed dinners. Her support is deeply
appreciated and has carried me on for all of these

years.
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HISTOCHEMICAL STUDY OF
POSTERIOR CRICOARYTENOID MUSCLE REINNERVATION

BY A NERVE-MUSCLE PEDICLE IN THE CAT

JOSEPH J. FATA, MD

LESLIE T. MALMGREN, PHD

RICHARD DUM, PHD

RICHARD R. GACEK, MD

PEAK WOO, MD

SYRACUSE, NEW YORK

Reinnervation of the posterior cricoarytenoid (PCA) muscle with a nerve-muscle pedicle (NMP) has been proposed for patients with
bilateral abductor vocal cord paralysis. Since its success has been controversial, a glycogen depletion histochemical technique was used to
examine reinnervation. An ansa cervicalis NMP was implanted into the denervated PCA in nine cats. Eight months later, vocal cord activi­

ty was evaluated. The NMP nerve was stimulated extensively in seven cats (experimental group). Optical densities of NMP-supplied PCA
muscle fibers from experimental and control groups were compared to detect differences in glycogen content. The results demonstrated
quantitative evidence of reinnervation in two experimental animals. Electrical stimulation of the NMP produced abduction in one of these
two animals, but was never observed during spontaneous respiration or airway occlusion. These observations indicate that reinnervation
can occur but abduction requires electrical stimulation. The NMP technique may be more successful with an electrical pacer.

KEY WOR�S - glycogen depletion, nerve muscle pedicle, posterior cricoarytenoid muscle.

INTRODUCTION

Bilateral abductor vocal cord paralysis confronts
the otolaryngologist with a series of difficult man­

agement decisions. A tracheostomy often is required
to secure the airway, but it is seldom satisfactory to
the patient as a long-term solution. Vocal cord lat­
eralization procedures, such as the Woodman aryte­
noidectomy,' allow decannulation in many patients,
but at the expense of transforming a previously ac­

ceptable voice into one that is weak and breathy.
These procedures also increase the risk of aspiration.

Reanastomosis of the recurrent laryngeal nerve

(RLN) usually has been unsuccessful, probably be­
cause of the diffuse distribution of abductor and ad­
ductor nerve fibers throughout the course of the
nerve." This anatomic arrangement results in inap­
propriate innervation of abductor muscles by ad­
ductor nerve fibers, with subsequent paradoxical
vocal cord motion.

The concept of selective reinnervation of the pos­
terior cricoarytenoid (PCA) muscle to restore ab­
ductor function was proposed first by Doyle et al,"
who implanted the cut end of the RLN into the PCA
muscle. In a later application of this principle, Hen­

gerer and Tucker" proposed reinnervation of the
PCA muscle using a nerve-muscle pedicle (NMP)
based on the innervation of the ansa cervicalis nerve

to the strap muscles.

The NMP originally was designed so that its mus­

cle pedicle would incorporate most of the distal

nerve fibers, in hope of minimizing the number of
cut nerve endings and subsequent neuroma forma­
tion." Tucker chose the sternohyoid (and later omo­

hyoid) muscle because of its role as an aC9essory
muscle of respiration, which he believed would pro­
vide an appropriately timed neural discharge in the
respiratory cycle.

The successful results in the initial animal experi­
ments of Hengerer and Tucker" and Lyons and
Tucker" were based on observed vocal cord motion,
electromyographic (EMG) tracings, and histologic
sections confirming the presence of nerve fibers.
Based on this data, the NMP was applied in

humans, and Tucker? reported a long-term success

rate of 88.8 % (40 of 45 patients). The NMP implan­
tation in all cases was delayed, with intervals rang­
ing from 6 months to 50 years; success was deter­
mined by improved exercise tolerance, findings on

indirect laryngoscopy, and ultimate decannulation.

Other experiments, however, have been unable
to confirm Tucker's results. The inability of Crum­
ley," Neal et al," and Rice et al'" to elicit vocal cord
abduction in animal experiments using the NMP, as

well as the disappointing clinical results of Biller
and Lawson;" have curtailed general acceptance of
this procedure.

Recently, Anonsen et al" have presented convinc­

ing data that reinnervation with the NMP is possi­
ble, but its functional significance in spontaneous
respiration remains in question. Renewed interest
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in the NMP also has been highlighted by the appli­
cation of electrical pacing by Broniatowski et al'"
with encouraging results.

The purpose of this investigation was to provide
evidence for the presence or absence of reinnerva­
tion of the peA muscle with the NMP. For this pur­
pose, we applied the glycogen depletion technique,
which is based on the fact that prolonged supra­
threshold stimulation of a nerve will deplete glyco­
gen from muscle fibers innervated by that nerve.

14

Originally used to map motor units, depletion of
glycogen demonstrates the presence of an intact
nerve-muscle pathway, and thus provides direct
evidence of reinnervation. The change in glycogen
content was determined using quantitative histo­
chemical measurements that were subjected to sta­
tistical tests to verify our results. Furthermore, vo­

cal cord activity was observed and recorded under
various conditions to correlate with muscle glyco­
gen in selected animals.

MATERIALS AND METHODS

Two normal cats were used to determine the pa­
rameters necessary to produce glycogen depletion in
the peA muscle. In each animal, a cuffed electrode
was placed around the surgically exposed RLN.
Prolonged suprathreshold nerve stimulation was

applied�(.500-ms train of pulses at 40 Hz, delivered
once a second at ten times threshold). After the
stimulation procedure, a laryngectomy was per­
formed and the larynx was frozen in N-methyl bu­
tane cooled to the temperature of dry ice. Serial
cross sections 10 mm thick were taken from the mid­
portion of both peA muscles. The sections were

stained for glycogen using a standard PAS tech­
nique'" and then evaluated by light microscopy for
evidence of glycogen depletion.

Seven experimental and two control animals then
were selected from a group of young adult, colony­
bred cats and used for the experimental protocol as

follows.

Fig 1. A) Illustration of nerve-mus­

cle pedicle (NMP) harvested from
sternohyoid muscle and surgical
exposure of posterior cricoaryte­
noid (PCA) muscle. B) Posterior
view of implanted NMP in mid­
portion of PCA muscle.

Nerve - muscle
pedicle

B

Stage 1. General anesthesia was induced with in­
travenous (IV) ketamine and nembutal. An NMP
was dissected in the right side of the neck. A branch
of the ansa cervicalis nerve and the innervated ster­

nohyoid muscle':" comprised the NMP Wig lA). The
pedicle size varied from 3 to 4 x 2 mm. If this nerve

bifurcated close to the muscle, the accessory branch
also was dissected free and embedded into the ster­
nomastoid muscle (to avoid any misdirected nerve

growth to other muscles of the larynx) .

The RLN was identified and transected, and the
inferior stump was sutured into the esophageal mus­

culature to prevent regeneration into the laryngeal
muscles.

The peA muscle was exposed by dissecting the
hypopharyngeal and pyriform sinus mucosa from
the cricoid plate with preservation of the superior
laryngeal nerve. The superficial fibers of the mid­
portion of the peA muscle were incised while main­

taining the continuity of the deep fibers. The pedi­
cle was apposed to the prepared fibers of the peA
muscle and secured with two 8.0 nylon sutures (Fig
IB). Incisions were sutured closed, and the proce­
dure was terminated.

Stage 2. After an 8- to 9-month survival period,
the animals were studied in stage 2 of the experi­
mental protocol.

Under light general anesthesia using IV keta­
mine, a tracheostomy was performed, and the tra­
chea was cannulated with a 3.5-mm internal di­
ameter cuffed anode tube.

Direct microlaryngoscopy then was performed
using rigid telescopes. Vocal cord motion was ob­
served during spontaneous respiration and after
complete occlusion of the anode tube for a period of
more than 30 seconds; videotape recordings were

made.

The right side of the neck was reexplored, and the
nerve to the NMP was dissected free carefully. A 1-
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Fig 2. Demonstration of bipolar cuffed electrode in place
for electrical stimulation of nerve-muscle pedicle.

em portion of the NMP nerve was exposed to permit
placement of a bipolar insulated cuff electrode (Fig 2) .

Direct microlaryngoscopy was repeated. The NMP
nerve was stimulated electrically in selected animals
using the following parameters: 1) single O.I-ms
square wave pulses at 1.0 and 1.5 V; 2) 40-Hz pulse
trains for 2 to 3 seconds at 0.5, 1.0, and 1.5 V.

The animals in the experimental group (El to E7)
then were prepared for prolonged suprathreshold
electrical stimulation to deplete glycogen from suc­

cessfully reinnervated PCA muscle fibers. Since in
some cases the NMP nerve contained branches to

the remaining sternohyoid muscle, a pair of EMG
electrodes were placed on this muscle to measure

twitch thresholds. Electrodes were not placed on

the PCA to avoid trauma to the muscle.

Using single square wave pulses, twitch thresh­
olds were established by observing the sternohyoid
muscle for visible movement or EMG activity
whenever possible. Repetitive nerve stimulation
then was performed for a minimum of 1 hour using
the following' parameters: 1) voltage of ten times
threshold (range, 15 to 25 V); 2) 500-ms train of

pulses at 40 Hz delivered once a second (effective
delivery was 19 to 20 pulses/s). If the EMG ampli­
tude decreased by more than 50 % in the first 10

minutes, the train duration was decreased (mini­
mum of 13 pulses/s).

The animals in the control group (Cl and C2) un­

derwent identical procedures, except that supra­
threshold nerve stimulation was omitted. A laryn­
gectomy was performed in all nine cats immediately
following the last experimental step. The larynx
was frozen in N-methyl butane cooled to the tem­

perature of dry ice.

Serial cross sections 10 I'm thick at I-mm intervals
were taken through the entire length of the PCA
muscle. Periodic acid-Schiff histochemical stains"
were performed, and each section was evaluated by
light microscopy for evidence of glycogen depletion
in the NMP-supplied PCA muscle.
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Prior studies employing the glycogen depletion
technique to map motor units have relied exclusive­
lyon judgments regarding the distinction between a

depleted fiber and one that has retained its glycogen
stores. In this investigation, the standard judgmen­
tal technique was supplemented with a quantitative
confirmation of depletion in randomly sampled
fibers.

Individual muscle fibers were sampled randomly
from the experimental animals that demonstrated
clusters of glycogen-depleted fibers (after evalua­
tion by four of the authors) and from the two con­

trol animals. In the experimental cats, sections ex­

hibiting visible depletion (one level in each animal)
were sampled; the contralateral PCA muscle at the
same level was sampled to serve as an internal con­

trol. The two control animals were sampled at four
levels at I-mm increments on the side containing
the NMP.

Muscle Fiber Sampling Technique. One hundred
muscle fibers were selected randomly from each sec­

tion of muscle chosen for analysis in the following
manner: the starting point was defined by placing
the x and y axes of the microscope lens cross hair at
the superior and medial edges of the muscle, respec­
tively. The microscope stage was then moved across

the muscle at 0.25-mm increments in both axes in a

blind fashion. At each point, the fiber nearest to the
cross hair was chosen for analysis.

-

The optical density (recorded as percent absorp-
tion) was measured for each selected fiber using a

computer program with a standardized, constant

voltage light source. The optical density is directly
proportional to the amount of stain picked up by
the glycogen molecules and is therefore a quantita­
tive estimate of glycogen content.

Because the optical density was also dependent on

the section thickness (which varied considerably),
the optical density values were expressed as a per­
centage of a standardized reference value. The mean

optical density of the cartilage matrix, computed
separately for each section, was chosen as the refer­
ence point because it greatly reduced this variable.
A minimum sample size of 30 was used to compute
the reference mean for each section, and standard
deviations were within acceptable limits.

In addition to our random sampling, we used a

nearest neighbor sampling technique. In this tech­

nique, whenever the optical density was less than
20 % of the mean of the cartilage matrix, we sampled
all fibers directly adjacent to this trigger point. If any
of the adjacent fibers met the less-than-20 % criteri­

on, the nearest neighbor technique was applied
again. When none of the adjacent fibers met this
criterion, the search was terminated. The purpose
of this sampling technique was to demonstrate the
marked propensity of depleted fibers to appear in
clusters.
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TABLE 1. SUMMARY OF MICROLARYNGOSCOPY AND HISTOCHEMICAL ANALYSIS

Animal Glycogen Depletion
Vocal Cord Abduction

Spontaneous After Stimulation

Absent Not Tested
Absent Not Tested
Absent Not Tested
Absent Present

Absent Present
Absent Absent
Absent Absent

Absent Present

Absent Present

Experimental
E1
E2
E3
E4
E5
E6
E7

Control
C1
C2

NS - not statistically significant.

No
NS
Yes
Yes

No

No
No

The optical densities of the sampled fibers then
were subjected to statistical analysis to verify the
significance of differences in glycogen content be­
tween the experimental and control groups. This
analysis is described in the Results section.

RESULTS

Table 1 summarizes the results of microlaryngos­
copy and histochemical analysis of glycogen content
in PCA muscle fibers after reinnervation.

Endoscopic evaluation revealed no purposeful
vocal cord abduction in any of the animals during
spontaneous respiration or after prolonged occlu­
sion of the tracheostomy. A fine quivering of the
vocal cord ipsilateral to the NMP-supplied PCA
muscle was observed in five of the seven experimen­
tal animals and the two controls. This finding was

consistent with random firing of small motor units,
but also may have resulted from contraction of the
cricothyroid muscle or other extrinsic muscles of the
larynx. Therefore, we could not accept this observa­
tion as evidence of reinnervation.

During spontaneous respiration, the contralater­
al vocal cord exhibited rhythmic abduction that be­
came more rapid and vigorous after airway occlu­
sion. This observation confirmed that the effects of
anesthesia had not suppressed the normal cyclic ab­
duction of the vocal cord during respiration. The
response to airway occlusion demonstrated that we

had induced adequate hypoxia and hypercapnia for­
reflex dilatation of the larynx, which, according to

Tucker," provides adequate stimulation to the NMP
nerve.

The results of single square wave pulsed stimula­
tion (given to E4 through E7, Cl, and C2) and
trains of pulsed stimulation (given to E5 through
E7) were as follows. Animal E4 and the two con­

trols all exhibited a brief but definite vocal cord ab­
duction that was reproducible. During single pulse
stimulation, E5 demonstrated a transient cord ab­
duction. When pulsed trains were given, the abduc­
tion was sustained for the duration of the stimulus.

Vocal cord abduction in E6 during both single
and trained pulse stimulation was inconsistently
present. The response ranged from vigorous abduc­
tion to inappropriate adduction and, in some in­

stances, no movement. Potential explanations for
these findings are reviewed in the Discussion. These
endoscopic findings could not be considered suppor­
tive of reinnervation.

In E7, the NMP nerve could not be identified;
- Therefore, the cuffed electrode was placed on the

main trunk of the ansa cervicalis nerve. Single pulse
stimulation produced artifact secondary to contrac­
tion of the strap muscles, and, because of postopera­
tive fibrosis, we could not selectively denervate or

divide the strap muscles. Consequently, motion ar­

tifact obscured visualization of clear vocal cord
abduction.

Histochemical PAS staining intensity for glycogen
in the normal PCA muscle in young adult cats var­

ied, with a random distribution of lighter and darker
fibers (Fig 3A). Nonstaining PCA muscle fibers
were rare, and in no instance did these depleted fi­
bers appear in groups or clusters.

A PAS staining of the PCA muscle in two cats that
underwent prolonged suprathreshold stimulation of
the intact RLN demonstrated almost complete gly­
cogen depletion. The cat PCA muscle clearly is not

completely resistant to the effects of prolonged stim­
ulation.

In the experimental group, clusters of glycogen­
depleted muscle fibers (Fig 3B) were found in the
NMP-supplied PCA muscle in three of seven ani­
mals (E2, E3, and E4). These clusters were located
near the midportion of the muscle in all cases. In

E2, only one small cluster was found, and its signifi­
cance could not be supported by statistical analysis.
Therefore, statistical data are confined to E3, E4,
and the two controls (Cl and C2), with the follow­
ing results.

The mean muscle fiber optical densities of the
NMP-supplied and the contralateral PCA muscle
were compared in E3 and E4 (Table 2). The mean
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Fig 3. Periodic acid-Schiff glycogen stains (original x50). A) Posterior cricoarytenoid (PCA) muscle of normal cat. Note variable
staining intensity, which produces mosaic pattern. B) Nerve-muscle pedicle-supplied PCA muscle in experimental animal E4. Note
clustering of glycogen-depleted fibers representing area of successful reinnervation.

optical density for E3 was 0.021 for the NMP-sup­
plied muscle, and 0.049 for the contralateral peA
muscle. The mean optical density for E4 was 0.038
for the NMP-supplied muscle, and 0.056 for the
contralateral peA muscle. Analysis of variance con­

firmed that the differences in mean values between
the paired peA muscles were statistically signifi­
cant (p < .01) in both animals.

Table 2 also summarizes a comparison of the
mean optical densities of the NMP-supplied peA
muscles in the experimental and control animals.
The mean optical densities were 0.053 and 0.048 for
control animals 1 and 2, respectively. The means of
both experimental animals were compared to the
mean of each control separately, and in all cases the
differences were statistically significant (p < .01).

Glycogen depletion in the NMP-supplied peA
muscles of the experimental and control animals
were compared further using a frequency distribu­
tion of muscle fiber optical densities. All fibers with
optical densities of less than'0.05 were grouped into
intervals of 0.01. The percentage of fibers falling in­
to each of these intervals was calculated, and the re­

sults are seen in Fig 4. The intervals of optical densi­
ties of less than 0.020 clearly were dominated by the
two experimental animals. Although any cutoff point
used to define a depleted fiber is arbitrary, one

would expect a partially depleted muscle to have a

higher percentage of fibers with optical densities

approaching zero. At optical densities of greater
than 0.020, the differences in percentages between
the experimental and control animals were not as

obvious. In the experimental group, they probably
represent fibers that were not reinnervated.

DISCUSSION

Nerve-Muscle Physiology. The motor unit is defined
as a motor neuron and its set of innervated muscle fi­
bers. The muscle fibers of each motor unit are iden­
tical with respect to their histochemical and physio-

logic profiles. The anatomic arrangement of these
fibers, demonstrated by glycogen depletion studies, 16

is one resembling an evenly distributed mosaic pat­
tern. Therefore, any alteration in this mosaic repre­
sents a change in the innervation pattern, which
can be applied in an assessment of reinnervation.

An important concept in muscle force output is

recruitment, defined as the hierarchy of functional
response thresholds among motor units under simi­
lar conditions. Recruitment is related closely to the
subclassification of muscle fibers by Brooke and
Kaiser," based on their histochemical and physio­
logic properties. Burke" reviewed several studies
addressing this relationship and concluded that type
1 fibers, which are characterized by low tension,
slow contraction time, fatigue-resistance, and de­
pendence on aerobic metabolism, have the lowest
threshold of recruitment. Type 2B fibers, which are

characterized by high tension, fast contraction

time, fatigability, and dependence on anaerobic
metabolism, have the highest threshold. Type 2A fi­
bers are intermediate in tension, fatigue resistance,
and threshold, all consistent with their ability to use

both aerobic and anaerobic mechanisms. The pro­
perties of type 1 fibers are consistent with their
prominent role in muscles that require a low tension
and continuous activity, whereas type 2 fibers are

generally found in muscles that require short peri­
ods of high tension.

The human peA muscle was shown by Malmgren
TABLE 2. MUSCLE FIBER OPTICAL DENSITY

Reinnervated PCA Contralateral PCA

Animal Mean SD Mean SD

Experimental
E3 0.021 0.013 0.049 0.014
E4 0.038 0.026 0.056 0.019

Control
Cl 0.053 0.022
C2 0.048 0.018

0,etical densi� recorded as ,eercent absorption.
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and Cacek" to consist of 52 % type 1 and 48 % type
2 (mostly 2A) fibers. This distribution correlates
well with its extreme resistance to fatigue, compar­
able to the soleus muscle in animals;":" and its abil­
ity to generate short bursts of high contractile force
during airway distress. The enzyme pattern within
each fiber type was found to be unusually variable,
a finding which may reflect the wide range of
motor activity in the PCA muscle previously de­
scribed by Suzuki and Kirchner. 22

Overall, the PCA muscle is one of highly specific
design for its unique role as the primary laryngeal
abductor in the respiratory cycle, both at rest and
during exercise. Therefore, any successful attempt
at reinnervation of the PCA muscle would require
that these histochemical and physiologic character­
istics be preserved.

Cross- innervation studies have shown that histo­
chemical and physiologic characteristics of muscle
fibers are determined by their nerve supply; these

I characteristics are capable of a high degree of plas­
ticity and will adapt to a new source of innerva­
tion.23-25 Histochemical studies of cat sternohyoid,
sternothyroid, and thyrohyoid muscles have shown
a markedly different muscle fiber type distribution
compared to the PCA muscle, most notably in the
higher percentage of type 2B (fast, fatigable) fibers
(Y. Hisa, L. T. Malmgren, R. R. Gacek; unpublished
observations). Ultrastructural studies also have
shown a high mitochondrial content (necessary for
fatigue resistance) in the human PCA muscle com­

pared to the human sternothyroid muscle. 26

These established observations suggest that rein­
nervation using an NMP based on the ansa cervi­
calis may not provide the recruitment sequence or

fatigue resistance necessary for normal PCA muscle
function. This statement must be qualified, how­
ever, by the fact that histochemical data are not
available for the omohyoid muscle, the muscle rec­

ommended by Tucker for the NMP procedure in
humans."

The principle that reinnervation of muscle by a

foreign nerve will result in the formation of func­
tioning neuromuscular junctions in denervated
muscle, biit not in normally innervated muscle, has
been well established.27,28 It also is generally ac­

cepted that partial denervation of a muscle will be
followed by the recovery of normal tension because
of the phenomenon of sproutirig (nerve outgrowth
from adjacent axons). 29,30 Since denervation studies
recently have shown that the growth patterns and
rates for foreign nerves and axonal sprouts are very
simtlar;" it is likely that reinnervation using the
NMP would be governed by the same factors as mo­

tor neuron sprouting.
The source of the signal for axonal sprouting is

controversial; however, denervated muscle appears
to be the best candidate, based on studies that have

shown that functional denervation of muscle by
chemical agents induces terminal axon sprout­
ing.31,32 The identity and function of this sprouting
mediator has not been elucidated clearly, but the
most likely mechanism is felt to be either reduction
of a sprouting-inhibitory agent or a denervation
product that stimulates nerve growth.31,32

Possibly the main limiting factor in terminal
sprouting is the maximum growth in the number of
muscle fibers in the motor unit. Studies have shown
that the maximum growth of the motor unit is four
to five times its normal size, which may be related
to loss of the sprouting stimulus or a growth limita­
tion of the motor neuron.P-" A second limitation
recently proposed is the connective tissue between
the muscle fascicles, which may act as a physical
barrier to nerve growth. 35

Both the limited motor unit growth and the con­
nective tissue barriers are potential factors limiting
the extent of reinnervation by a single NMP, and
are consistent with earlier observations by Aitken"
that reinnervation is optimized by the implantation
of multiple axons.

Type grouping is a clustering of muscle fiber sub­
types that contrasts the normal mosaic pattern of
motor units described above. This pattern repre­
sents partial denervation and reinnervation by
sprouting of adjacent axons. Histochemical studies
of human PCA muscle in elderly patients by Malm­
gren and Cacek'" and Teig et aP6 have shown the
presence of type grouping, presumably the result of
a degenerative, aging process. A study of experi­
mentally reinnervated skeletal muscle also has dem­
onstrated type grouping of motor units using the
glycogen depletion technique. 37 Together, these
data suggest that the PCA muscle is capable of type
grouping, and that any reinnervated fibers in our

NMP study identified by glycogen depletion should
be found in closely knit clusters.

Experimental Reinnervation. Our experimental
results confirm that reinnervation of a denervated
PCA muscle using-the Tucker NMP can result in the
formation of functioning neuromuscular junctions.
Using a modification of the glycogen depletion tech­
nique, we have demonstrated the presence of a J

functioning nerve-muscle pathway by our ability to
remove glycogen stores from reinnervated PCA
muscle fibers through prolonged stimulation of the
NMP nerve.

Clusters of glycogen-depleted fibers were ob­
served in three of seven experimental cats, and veri­
fied quantitatively using optical density measure­

ments in two of these animals. These two cats will
be referred to in the following discussion as the suc­

cessfully reinnervated animals.

The validity of our results was dependent on the
application of strict guidelines regarding glycogen
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histochemistry in the PCA muscle. First, evaluation
of the susceptibility of the PCA muscle to glycogen
depletion was critical to the credibility of this tech­

nique. Successful depletion in two normal cats after

prolonged RLN stimulation assured us that the fa­
tigue resistance of the PCA muscle would not im­

pede our later attempts to deplete glycogen through
theNMP.

A control group was necessary to assess the effects
of denervation and NMP placement on glycogen
stores. The two control animals were identical to

the experimental group except that prolonged
nerve-NMP stimulation for glycogen depletion was

omitted. The absence of glycogen depletion in these
animals was evidence that loss of glycogen secon­

dary to denervation or placement of the NMP did
not occur.

Hengerer and Tucker" have noted in animal, and
Tucker":" in human studies that although vocal cord
abduction after NMP reinnervation may be mini­
mal at rest, occlusion of the trachea will stimulate
abduction because of a reflex response to the hy­
poxia. We did not observe any purposeful motion of
the vocal cord ipsilateral to the NMP-supplied PCA
muscle, either at rest or after prolonged occlusion of
the airway, in any of the nine animals. Histochem­
ical" and EMG38 studies of the sternohyoid muscle

suggest that it is not as well suited for the NMP

technique as the other strap muscles, which may
partially account for the failure to achieve abduc­
tion during respiration; however, this muscle was

chosen because it was used in the initial animal ex­

periments by Hengerer and Tucker" and Lyons and
Tucker. 6

.05 .06.06 .01 .02 .03 .04

Optical Density Interval
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The absence of vocal cord motion in the success­

fully reinnervated animals is consistent with the
data indicating that the ansa cervicalis nerve-ster­

nohyoid muscle system does not possess the appro­
priate recruitment sequence for adequate function
of the PCA muscle. Histochemical and reinnerva­
tion studies of the omohyoid muscle will be needed
ultimately to determine if it is a more appropriate
donor muscle for the NMP.

Another important finding was the vocal cord ab­
duction observed following direct NMP stimulation

(performed in one of the two successfully reinner­
vated animals). The fact that nerve stimulation pro­
duced a definite abduction of the ipsilateral vocal
cord supports the hypothesis that the glycogen de­
pletion technique is a valid method to assess rein­
nervation. It also suggests that the recent experi­
ments with laryngeal pacing are a logical direction
of pursuit for reinnervation of the PCA muscle.

Using quantitative criteria for successful reinner­

vation, our experimental results included five fail­
ures. The following factors were the most probable
reasons for these failures.

The PCA muscles in animals El, E2, and E7 did
not exhibit quantitative evidence of glycogen deple­
tion, and direct nerve stimulation to elicit vocal
cord abduction was not performed. Therefore, in
these three animals, a functioning NMP-PCA mus­

cle pathway was not established.

Technical errors in the dissection and placement
of the NMP into the PCA muscle may have been
partially responsible for these failures. Another fac­
tor was the difficulty in locating, preserving, and
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stimulating the NMP 8 months after the initial sur­

gery because of postoperative fibrosis. Crumley, in

prior experimental work," also has reported a high
incidence of similar technical problems.

Animal E5, the cat that consistently exhibited vo­

cal cord abduction during nerve stimulation but did
not demonstrate evidence of glycogen depletion, is
more difficult to explain. In this animal, nerve­

NMP stimulation was performed using both single
and trained pulses at various voltages to maximize
the degree and duration of abduction. These extra
maneuvers and the added manipulation may have
resulted in either fatigue or injury to the neuromus­

cular junction. The combination of inconsistent re­

sponses to NMP stimulation and the inability to de­
plete glycogen in animal E6 also may have been a

result of fatigue or injury to the neuromuscular
junction, since this animal underwent the same

stimulation regimen as E5. Further research is nec­

essary to assess the tolerance of the NMP to different
parameters of stimulation, especially in view of its

promising role in electrical laryngeal pacing.
Certain topographic features of the depleted fi­

bers in the successfully reinnervated animals pro­
vided additional information. First, the spatial ar­

rangement of these fibers exhibited certain tenden­
cies. They almost always were arranged in clusters,
a finding consistent with the known phenomenon of
type grouping in experimentally reinnervated skele­
tal muscle. Also, they were more concentrated near

the superficial surface of the muscle, the site of
NMP implantation. This physical proximity would
minimize the connective tissue barrier to nerve out­

growth and also favor the sprouting stimulus on the
surface of the superficial fibers. Although conclu­
sions regarding the distribution of reinnervated fi­
bers cannot be drawn from this study, the glycogen
depletion technique is a potentially useful method
to examine this aspect of reinnervation in future
experiments.

An impressive feature was the limited extent of re­

innervation demonstrated by histochemical analy­
sis. Although technical errors in the prolonged nerve

stimulation may have understated our results, studies
describing the maximum growth of the motor unit
and the physical barriers to nerve growth suggest
that the NMP may be capable of only partial rein­
nervation. The implantation of multiple small
NMPs may be a potential solution to this limitation.

Although Lyons and Tucker" have stated that re­

innervation of the denervated PCA muscle with the
NMP can be delayed for up to 6 months in dogs, and

Tucker? has found that it can be delayed for years in
humans, we implanted the NMP at the time of den­
ervation in all animals. This timing was based on

unpublished observations (S. E. Schell, L. T.
Malmgren, R. R. Gacek) that the denervated PCA
muscle in the cat does not undergo progressive
atrophy, but instead demonstrates a "reorganiza­
tion of muscle fiber ultrastructure" 2 to 4 weeks af­
ter an initial period of atrophy. A possible explana­
tion for this unusual behavior of denervated muscle
is that axonal sprouting and spontaneous reinnerva­
tion by other neural systems (autonomic or sensory)
has occurred. Such spontaneous reinnervation
would render delayed NMP implants ineffective be­
cause of the absence of unoccupied motor end­
plates.

CONCLUSIONS

The demonstration of quantitative, statistically
, significant glycogen depletion in the denervated PCA

muscle following stimulation of the NMP nerve rep­
resents experimental evidence that the Tucker NMP
can provide a functioning neuromuscular junction.
The presence of vocal cord abduction synchronous
with NMP nerve stimulation in one of these two ani­
mals suggests that this system is potentially capable
of providing an adequate airway in bilateral vocal
cord paralysis. Several of our observations are not
consistent with Tucker's work, however, and we

have drawn the following conclusions:
1. Implantation of the Tucker NMP appears to re­

sult in only partial reinnervation, possibly be­
cause of growth restrictions of the motor unit,
physical barriers to nerve growth, or other fac­
tors not yet defined.

2. Using the sternohyoid muscle for the NMP tech­
nique, vocal cord abduction does not occur un­

der normal physiologic conditions or during to­
tal airway obstruction. Experimental histochem­
ical and reinnervation studies of the omohyoid
muscle will be needed ultimately to determine if
it is a more appropriate donor muscle for the
NMP technique.

3. Vocal cord abduction can be elicited by elec­
trical stimulation of the NMP nerve, although
our results suggest that this system may be vul­
nerable to fatigue.

4. Application of the NMP in conjunction with an

electrical pacing system, as described by Bronia­
towski et al,13 is a promising direction for future
research in reinnervation of the paralyzed lar­
ynx. Until the technical obstacles of laryngeal
pacing can be overcome, however, we cannot

support use of the NMP technique in a clinical
setting.
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ACQUIRED SUBGLOTTIC STENOSIS IN CHILDREN

FRANCIS I. CATLIN, MD, ScD

HOUSTON, TEXAS

RICHARD J. H. SMITH, MD

Subglottic stenosis is a disorder characterized by narrowing of the airway below the glottis or apposing edges of the true vocal cords. In
a broad definition, the term may be used to describe airway compromise in the regions of the larynx or the trachea or both. In children, the
stenosis is usually due to scar formation secondary to prolonged airway intubation, rather than to external trauma. The location and extent

of the stenosis are highly variable; consequently, corrective measures need to be selected to suit the individual problem. In the present series
of children, conservative treatment was adequate for lesser degrees of stenosis; those with more severe scarring required external laryngeal
surgery. The preoperative evaluation and treatment plans are reviewed.

KEY WORDS - laryngotracheal stenosis, laryngotracheoplasty, subglottic stenosis, tracheotomy.
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INTRODUCTION

Laryngotracheal stenosis is a not uncommon

complication of disease or trauma in children. Par­
kin et all have reported that 3 % of children in a

newborn intensive care unit exhibited subglottic
stenosis.

Narrowing of the pediatric airway produces a

wide range of signs and symptoms, in proportion to
the degree of obstruction. When the obstruction is

mild, there may be no more than a slight stridor;
when severe, the resulting respiratory fatigue,
hypoxia, and risk of asphyxia may require tracheot­
omy to secure an adequate airway. Unfortunately,
tracheotomy in children is associated with signifi­
cant morbidity and mortality, especially if airway
stenosis is severe. In such circumstances, blockage
of the tracheotomy tube by mucous plugs or gran­
ulations will create a medical emergency for which
prompt treatment is needed to avoid asphyxia. At
best, the child with a tracheotomy requires constant

supervision to monitor the airway. Talking and
coughing are more difficult with an open tracheot­
omy tube, lower respiratory tract infections are

more common, and sports activities are limited.
Psychological effects of a tracheotomy and trache­
otomy dependency are often present, but will .not
be reviewed here.

Assessment of the extent of the problem and selec­
tion of appropriate treatment present significant
challenges to the otolaryngologist. The cases re­

ported here indicate that subglottic stenosis is not a

single entity; consequently, there is no single thera­
peutic modality that is appropriate to all. Neverthe­
less, the ultimate goal remains the same: to produce
an adequate, closed airway with a satisfactory voice
for communication.

HISTORICAL CONSIDERATIONS

Congenital subglottic stenosis was described by

Rossi" in 1826. Mackenzie" described laryngeal ste­

nosis resulting from trauma and several inflamma­
tory conditions, including syphilis; he tried laryn­
geal dilation around 1862, but was disappointed in
the results. Mackenzie reported that Schroetter" of
Vienna had tried laryngeal dilation followed by the
insertion of vulcanite endolaryngeal tubes, with
much discomfort to his patients. In 1915, Jackson
recommended intubation dilation for chronic laryn­
geal stenosis, but noted that "great patience and
prolonged treatment, usually a number of years,
are necessary for results."5(p623) Jackson advocated
laryngostomy, an anterior opening of the thyroid
cartilage, with incision of the posterior wall of the
cricoid cartilage, for severe laryngeal stenosis. A

dilating stent was inserted above the tracheotomy
tube, and the anterior wound was left open for a

period of time, then closed with soft tissue flaps. In

1937, Jackson and Jackson" described the use of im­

planted cartilage flaps for the correction of tracheal
stenosis. These cartilages were not applied to the
trachea directly because of the lack of asepsis and
the unavailability of antimicrobial agents.

Following World War I, a series of patients with
traumatic laryngeal stenosis was reported by Re­
thi. 7 At first, he tried laryngofissure with bilateral
division of the cricoid ring at the junction of the
posterior and lateral walls. Later, he made a mid­
line sagittal incision in the posterior wall of the cri­
coid cartilage, with separation of the wall edges un­

til the esophageal muscle fibers were visible. The
transverse fibers were removed, and a stent was in­
serted into the larynx above the tracheostomy until
healing occurred.

The correction of upper tracheal defects was also
attempted in the 19th century. Koenigs used a rib
graft to repair a tracheal defect in 1896; von Man­
goldt" closed a tracheal fistula with costal cartilage
in 1900. By 1924, Kindig'? was reported to have per­
formed six successful tracheoplasties by this tech-

From the Department of Otorhinolaryngology and Communicative Sciences, Baylor College of Medicine, Houston.

Presented at the meeting of the American Laryngological Association, Denver, April 25-26, 1987.

REPRINTS - Francis I. Catlin, MD, Texas Children's Hospital, Box 20269. Houston. TX 77225.

38



Catlin & Smith, Acquired Subglottic Stenosis 39

5

IIU)
Q)

4U)

II I
cu
0

'0 3

Distribution of cases by age.
t II III.e
E

2::::s

II IIIz

to to to to to to to
5 10 15 20 25 30 35

Age in Months

nique. In 1927, Fairchild" described a multistage
skin flap procedure that he attributed to Velpeau 12

(1832). In 1937, Jackson and jackson" described a

staged flap procedure in which strips of auricular
cartilage were inserted into the tissue that would
become the future anterior tracheal wall.

Since these reports, numerous others have en­

tered the medical literature. These range from seri­
al dilation, with or without stenting, to endoscopic
removal of stenosis by forceps, electrocautery, car­

bon dioxide laser, and cryosurgery, as well as open
surgical techniques to excise the stenosis and/or
widen the airway.

ENDOSCOPIC MANAGEMENT

Conservative endoscopic treatment is effective
when the stenosis is slight or when the tissues exhibit
an inflammatory reaction rather than severe hard
scarring. In 1985, Catlin and Spankus'" reported a

series of 15 children requiring tracheotomy for
subglottic stenosis. Of these, four (27 %) had a per­
sistent tracheotomy and 11 (73%) were decannu­
lated. Of those decannulated, nine (82 %) were

treated by dilation and endoscopic removal of air- .

way scars or granulation tissue; two (18 %) required
open laryngeal surgery (one laryngofissure and one

laryngotracheoplasty) . The average duration of
tracheotomy was 26 months.

A current follow-up of the four children in this
series with persistent tracheotomy reveals that two
have been decannulated. One of these was treated
by serial dilation; the other required endoscopic
scar removal by C02 laser. A laryngotracheoplasty
is planned for the third child. The fourth child,
whose laryngeal stenosis is secondary to epider­
molysis bullosa, continues to re-form laryngeal scars

and .is unlikely to be decannulated. Thus, a current

follow-up of this series of 15 children shows that 11

(73 %) have been decannulated after dilation
and/or endoscopic procedures, two (13 %) required
open laryngeal surgery before decannulation could
be done, one child (6.6 %) requires a laryngotra-

Age in Years

cheoplasty, and one child (6.6%) will continue to

need a tracheotomy.

OPEN SURGICAL MANAGEMENT

Several open procedures to correct laryngeal
stenosis have been advocated. Most of these are

directed toward glottic and subglottic narrowing.
Incision of the thyroid and/or cricoid cartilage has
been tried, as in the case of open thyrotomy by
jackson." Others have placed various tissues into the
incision to expand the airway: bone, muscle, and

cartilage have been tried. Resection of subglottic
stenosis with end-to-end anastomosis has also been
tried for severe subglottic stricture. In association
with these techniques, stenting has been employed
by many surgeons, whereas others discourage stents

because of their tendency to stimulate granulations.
The selection of stent material and the duration of

stenting remain unanswered questions. Most stents

used today, however, are of the soft, nonirritating
type.

When anterior grafting of the cricoid ring pro­
vides insufficient increase in the subglottic lumen,
sagittal incision of the posterior cricoid cartilage
with dilation to expose the esophageal muscle may
be performed, -as advocated by RethF or as modi­
fied by Crahne.!"

Narrowing of the trachea by granulation tissue is

TABLE 1. EVALUATION OF LARYNGOTRACHEAL
STENOSIS

History
Physical examination
Indirect laryngoscopy

Mirror
Fiberoptic

Neck x-ray study
Xerography
Direct laryngoscopy

Mobility of vocal cords

Tracheoscopy and bronchoscopy
Esophageal swallow study and contrast esophagoscopy
Voice evaluation

Respiratory function tests
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TABLE 2. CAUSES OF SUBGLOTTIC STENOSIS

Patient Age
No. Cyr) Cause Final Outcome

Duration oj
Tracheotomy Operative Procedureis)

Procedure(s)
Prior to Referral

Laryngeal (glottic/subglottic)
3 Prolonged intubation

2 10 Prolonged intubation

3 19 Prolonged intubation

4 11/2 Prolonged intubation

10 Stenosis postirradiation,
mediastinal lymphoma

21/2 Prolonged intubation,
cleft palate, small lar­
ynx and mandible, bi­
lateral microtia

7 11/2 Prolonged intubation
8 10 Prolonged intubation
9 8 Head trauma, prolonged

intubation
10 11/2 Prolonged intubation,

small larynx
11 31/2 Postintubation; respira-

tory complications
12 8 Prolonged intubation

5

6

13 5 mo Prolonged intubation

14 5 Gunshot wound to neck,
right vocal cord paraly­
sis, spinal cord injury

15 11 Prolonged intubations

Laryngotracheal (glotticlsubglotticl tracheal)
16 9 Prolonged intubation
17 9 Prolonged intubation

18 8 Motor vehicle accident,
prolonged intubation

-,
Laryngotracheal (subglottic/tracheal)

19 2 Prolonged intubation

20 18 Prolonged intubation

21 10 Prolonged intubation

22 9 Prolonged intubation

23 22 Prolonged intubation­

-�2 Prolonged intubation
2 Prolonged intubation

24
25

26
27
28

2 Prolonged intubation

11/2 Prolonged intubation
8 mo Prolonged intubation

29 11/2 Prolonged intubation

Tracheal

30 Congenital stenosis of
trachea

31 2 Prolonged intubation, 2 yr
first tracheal ring sub-
luxated beneath cricoid
cartilage

LTP -: laryngotracheoplasty, NT - no tracheotomy.

1 mo

4yr

21 mo

17 mo

5yr
16 mo

11 mo

3yr

7yr

5 mo

lyr

NT

NT

8yr

lyr

4 mo

10 mo

7yr

io mo

11/2 yr

lyr
4 mo

4 mo

Endoscopy, laser, stent; LTP ,

costal cartilage graft (no stent)
Endoscopy, laser, stent

Endoscopy, laser, stent; LTP,
costal cartilage graft
None to date

Endoscopy, laser

Endoscopy

LTP

Endoscopy, laser; LTP

Endoscopy, laser

Endoscopy

Endoscopy

LTP, costal cartilage graft,
stent

Endoscopy

Endoscopy, removal of subglot­
tic granulomas

Multiple endoscopies, laser

Endoscopy, laser
LTP with costal cartilage
graft twice, Rethi procedure
once, stent

LTP with costal cartilage
graft twice, Rethi procedure
once, stent

Dilations

Dilations, hyoid in­

terposition
Cordectomy

Endoscopy
Laser
Laser

Cricoid split

Endoscopy and dila­
tions

Cricoid split

Laser, three times

Dilations

Dilations, hyoid in­

terposition

DilationsLTP, costal cartilage graft,
stent

LTP, costal cartilage graft,
stent

LTP, costal cartilage graft, Hyoid interposition
stent

LTP, costal cartilage graft, Dilations
stent

LTP, costal cartilage graft, Laser
stent

LTP, costal cartilage graft Dilations

Endoscopy, removal of gran-
ulations

Endoscopy
LTP, costal cartilage graft
Endoscopy

LTP, costal cartilage graft

Endoscopy

LTP, costal cartilage graft

Tracheotomy, treat­
ment in progress
Decannulation

Decannulation

Tracheotomy, treat­
ment in progress
Tracheotomy (glot­
tic scar)
Decannulation

Decannulation
Decannulation

Tracheotomy, treat­
ment in progress
Tracheotomy, treat­
ment in progress
Decannulation

Decannulation

Tracheotomy, treat­
ment in progress
Tracheotomy, treat­
ment in progress

Asymptomatic

Asymptomatic
Decannulation

Decannulation

Decannulation

Decannulation

Decannulation

Decannulation

Decannulation

Decannulation
Decannulation

Decannulation
Decannulation

Tracheotomy, treat­
ment in progress
Decannulation

Tracheotomy, treat­
ment in progress
Tracheotomy, treat­
ment in progress



TABLE 3. SUMMARY OF CAUSES
OF SUBGLOTTIC STENOSIS
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TABLE 4. LOCATION OF STENOSIS

Cause No. Cases %

Prolonged intubation *

Congenital stenosis

Postirradiation scar

Neck trauma

Percentages are rounded.

"Two patients also had small larynges.

28
1
1

1

90
3
3
3

often seen where erosion of the mucosa has occurred
or at the site of the tracheotomy. Such granuloma
can be removed easily by cup forceps or by laser.
Flattening of the anterior tracheal wall frequently
is observed cephalad to the tracheostomy and is felt
to be the result of pressure of the curved tracheot­
omy tube in this region. Such flattening may be cor­

rected by excision of the tracheostomy scar with
anterior fixation of the tracheal wall to anterior soft
tissues. In contrast, tracheal narrowing secondary
to loss of supporting tracheal cartilage seldom
responds to conservative therapy. In these situa­
tions, more aggressive surgical reconstruction using
'costal cartilage support is required.

CLINICAL FINDINGS
In the present series of 31 patients, there were 26

males and five females. Their ages ranged from 5
months to 22 years; about half of the patients were

under 4 years of age. Their age distribution is
shown in the Figure. Most of the patients were 18 to
24 months or 8 to 10 years of age. This bimodal
spread deserves comment: in the five 18-month­
olds, the average duration of tracheotomy was 13.8
months; in the five 2-year-olds, 18 months. In the
older age group, the nine 9- to 10-year-old patients
showed a 5-year average duration of tracheotomy.
This finding suggests that the conditions that pro­
duced the need for tracheotomy occurred most like­
ly after infancy.

The evaluation protocol is shown in Table 1. The
initial history and physical examination were sup­
plemented by fiberoptic laryngoscopy in most cases,
and by mirror examination in older patients. In

many instances, however, tracheotomy was per­
formed for acute respiratory distress or for failure of
extubation that was attempted to enable complete
evaluation of the airway.

The level and extent of stenosis were determined
by direct laryngoscopy and confirmed by lateral
x-ray study of the neck or by xerography. During
the examination, the type of stenosis and the mobili­
ty of the vocal cords were ascertained. Examination
of the trachea and bronchi were performed when

possible. Patients with symptoms suggesting reflux
or obstruction of the esophagus underwent an

esophageal swallow study and/or esophagoscopy.
Patients with voice problems were evaluated by a

speech pathologist. Those with pulmonary disease
underwent respiratory function tests.
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Location No. Cases %

No tracheotomy
Glottic/subglottic/tracheal

With tracheotomy
Glottic/subglottic
Glottic/subglottic/tracheal
Subglottic/tracheal
Tracheal

2 6

14
2

11
2

45
6

35
6

The causes of subglottic stenosis in patients in this
study are shown in Table 2. Table 3 summarizes
these findings. Twenty-eight cases (91 %) were re­

lated to prolonged intubation. The parameters of
this diagnosis will not be presented at this time. Of
the other three patients, one presented with congen­
ital tracheal stenosis, one developed glottic scarring
after irradiation of a mediastinal lymphoma, and
one sustained a gunshot wound to the neck, larynx,
and cervical spine.

The location of stenosis is shown in Table 4. In
two cases, tracheotomy was not required. These pa­
tients, 9 and 11 years of age, presented with sub­
glottic stenosis and marked stridor. All of the re­

maining 29 patients required tracheotomy. Of
these, 13 (42 %) were found to have glottic/subglot­
tic stenosis. The next most common site was sub­
glottic/tracheal stenosis, which occurred in 11 of
the patients (35%). Three patients (10%) showed
extensive scarring involving the glottis, subglottis,
and trachea. Two patients (6 %) showed stenosis of
the trachea only.

Prior treatment was given to 17 of the patients
studied (55 % ). The six treatment modalities em­

ployed thereafter are shown in Table 5. These in­
cluded: 1) no treatment (except tracheotomy) to

date; 2) endoscopic observation; 3) endoscopic dila­
tions; 4) endoscopy with forceps excision of granu­
lomas; 5) endoscopy with C02 laser excision of the
stenosis; and 6) laryngotracheoplasty with costal
cartilage graft to the cricoid ring, with extension of
the graft to the anterior upper tracheal rings and
thyroid cartilage if needed.

TABLE 5. OUTCOME BY TREATMENT MODALITY

Current Status
Treatment No. Patients Tracheotomy Decannulation

No treatment to
date 1 1 0

Endoscopic
observation 5 2 3

Endoscopic dilation 2 2 0

Endoscopic excision
of granulation 2 1 1

Endoscopic CO2
laser excision 2 no tra-

cheotomy
3 with tra- 1 2
cheotomy

La�gotracheo-pasty 16 2 14*
"Two laryngotracheoplasties were performed in two cases.



TABLE 6. SUMMARY OF OUTCOME
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TABLE 7 . DURATION OF TRACHEOTOMY
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Outcome oj Treatment No. Cases %

No tracheotomy/asymptomatic (laser for
severe stridor)

,

Tracheotomy during treatment
Decannulated
Tracheotomy with treatment in

progress
Tracheotomy preferred by patient

2/31
29/31
19/29

9/29
1129

6
94
66

31
3

The outcomes of treatment are also shown in
Table 5. There were no deaths. One patient, 1
month of age, was tracheotomized and is currently
under observation. Five patients received tracheot­
omies and have been followed by endoscopic obser­
vation. Three of these have been decannulated. The

others, 21/2 and 31/2 years of age, still retain their
tracheotomies. Two patients, 5 and 18 months of

age, received cricoid split procedures, and have
been treated with dilations, but are not ready for
decannulation. Two patients, 2 and 5 years of age,
were treated by endoscopic excision of their sub-

I glottic granulation tissue with forceps; one has been
decannulated, and the other continues to have a

tracheotomy because of problems with follow-up
care.

Five patients were treated with C02 laser exci­
sion of their stenosis. Two of these did not need tra­

cheotomy. Both exhibited marked stridor secondary
to subglottic stenosis, but were asymptomatic after
laser therapy. Of the three other laser-treated pa­
tients, one still has a tracheotomy and two have
been decannulated.

Mode oj Treatment
Duration

(mo)
Endoscopy + / - laser
LTP (overall)
LTP (from date of surgery to decannulation)

33.5
35.5
3.8

tilage in the sagittal plane. The cartilage was ex­

panded until the sagittal muscle fibers of the

esophagus could be clearly seen. At this point the
temporary stent was inserted. Both of these patients
were decannulated. Fourteen of the 16 patients
treated with LTP (88 %) were decannulated.

CONCLUSION

The summary of outcomes is shown in Table 6.

Twenty-nine of the patients (94 %) with subglottic
stenosis required a tracheotomy during their course

of treatment. Of these 29 patients, 19 (66 %) were

decannulated. Nine patients (31 %) continued to

have their tracheotomies while under further treat­
ment. One patient (3 %) preferred to keep his tra­

cheotomy.
The duration of tracheotomy for each major

treatment modality is shown in Table 7. Of the 12
tracheotomized patients who were treated by en­

doscopic methods alone, six (50 %) have been de­
cannulated. Of the 16 patients treated by LTP, 14

(88 %) have been decannulated. The average dura­
tion for tracheotomy in the endoscopically treated
patients was 33.5 months, and the average duration
for tracheotomy for the LTP-treated patients was

35.5 months. The average time .to decannulation
from the date of LTP in the latter group was 3.8
months.

Sixteen patients were treated by laryngotra­
cheoplasty (LTP) with a costal cartilage graft to ex­

pand the anterior cricoid ring, plus the anterior up-
per tracheal rings and thyroid cartilage, if needed. On the basis of these observations, we conclude
In 12 of these patients, a Teflon stent of the that tracheotomy and endoscopic management of
Aboulker type was used. Stents were removed 3 patients with milder degrees of stenosis can result in
months after surgery. All patients received broad- successful decannulation. When the stenosis is se-

spectrum antibiotics until the 2-week follow-up ex- vere or complicated, LTP with cartilage graft can

amination after stent removal. Two patients re- significantly shorten the duration of the tracheot-
quired a second LTP to secure an adequate airway. omy. Selection of treatment must be individualized,
In these patients, a simplified Rethi procedure was- depending upon the clinical problem and the re-

used to o_pen the posterior midline of the cricoid car- sources for treatment.
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PHONATORY EFFECTS OF THYROID CARTILAGE FRACTURES
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Blunt trauma can cause a wide range of injuries to the cartilaginous framework of the larynx. The severity of injury that is required to
cause a permanent disorder of vocal function if left untreated has not been defined. A study using excised canine and human larynges was

undertaken to identify the effects of minimal displacement or malalignment in simulated thyroid cartilage fractures on selected voice pro­
duction measurements. These fractures were found to cause changes in glottal configuration sufficient to affect glottal resistance as well as

amplitude and noise content of the voice signal produced by each larynx. Therefore, relatively minor injuries of the thyroid cartilage may
cause potentially serious disorders ofphonation.

KEY WORDS - phonation, thyroid cartilage fractures.

Blunt trauma to the larynx may cause a wide
spectrum of damage to the endolaryngeal soft tis­
sues as well as the underlying cartilaginous skele­
ton. Management of the injuries is based on the res­

toration of a properly shaped skeletal framework
and an intact epithelial lining so that airway and
voice quality are maintained. The extent of surgical
manipulation required is "dependent on the degree
of displacement of the cartilaginous fractures and
the severity of the mucosal disruption;'

Displaced thyroid cartilage fractures with no

overlying mucosal disruption now can be detected
by computed tomography." These less severe injur­
ies, even if left untreated, usually do not cause im­
mediate or delayed airway problems." However,
the effect of such untreated fractures on vocal func­
tion was only theorized until Hirano et al" described
a displaced midline fracture of the thyroid cartilage
in a patient who presented with a limitation in

pitch range. They emphasized that vocal function is
a multidimensional function, and that disorders of
phonation other than the usual chief complaint of
hoarseness may occur following blunt laryngeal
trauma. The lower limit of displacement or mala­
lignment of a thyroid cartilage fracture that is suf­
ficient to cause such a disorder of phonation has not
been defined. Therefore, a study was undertaken to

investigate the effects on phonation of a represen­
tative series of simulated thyroid cartilage fractures
causing minimal displacement or malalignment in
excised larynges.

MATERIALS AND METHODS

Unfortunately, the number of available human
larynges is limited by the widespread use of en­

dotracheal intubation, which creates permanent
postmortem distortion of the vocal folds. However,
the resemblance of the canine larynx to those of

primates both in shape and physiologic properties
makes it an appropriate model for general conclu­
sions regarding the aerodynamics and acoustics of
phonation.v" "Therefore, the effects of simulated
thyroid cartilage fractures were studied in three
canine and two human excised larynges.

Each normal larynx was mounted in a specially
designed excised larynx apparatus, which has been
described fully elsewhere." The larynx was excited
by a stream of air warmed to about 37°C and at
100 % relative humidity. Before reaching the lar­
ynx, the airstream passed through a subglottal reso­

nator designed to act as a pseudolung. Glottal con­

figuration was adjusted by use of calibrated weights
connected by sutures to the thyroid cartilage to

simulate activity of the cricothyroid muscle and to

the muscular processes of the arytenoid cartilages to
simulate adductive muscular contraction. Airflow
and glottal configuration were adjusted to produce
satisfactory phonation for that particular larynx.
Average airflow (milliliters per second) was mea­

sured with a calibrated spherical float flowmeter,
and average subglottal pressure (centimeters H20)
was measured with a U tube manometer. Realistic
levels of airflow (about 110 to 140 mLls) and sub­
glottal pressure (about 7 to 20 ern H20) were main­
tained for each test situation, based on Hirano's"
tables of normative values.

Continuous recordings of the acoustic signal were

made from a Bruel & Kjaer condenser microphone
type 4165 (flat ± 1 dB from 20 Hz to 20 kHz), and
sound pressure level (SPL) was measured with a mi­

crophone amplifier (Bruel & Kjaer model 2003).
The recordings were made inside a double-walled
sound booth with a background noise level of 24 dB.
This noise level required almost no correction of
measured sound pressures to remove the contribu­
tion of the background. The acoustic signal was fed
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AERODYNAMIC MEASUREMENTS FOR EACH SIMULATED FRACTURE CONDITION·

Subglottal Glottal
Pressure Airflow Resistance SPL

Fracture Status Condition (cm H2O) (mUs) (Acoustic 0) (dB)
ML, I-mm separation Prefracture 19 136 137 75

Postfracture 9 142 60 56

ML, I-mm separation Prefracture 9 142 65 74
Postfracture 7 133 51 67

ML, overlapped Prefracture 9 142 65 74
Post/ant 8 118 71 63
Ant/post 12 137 84 75

5 mm from ML, overlapped Prefracture 11 125 91 77
Post/ant 12 125 98 72
Ant/post 14 117 120 79

10 mm from ML, overlapped Prefracture 6 133 47 64
Post/ant 6 125 48 62
Ant/post 10 142 71 68

11 mm from ML, overlapped Prefracture 8 125 64 72
Post/ant 6 117 51 67
Ant/post 9 117 77 70

Angulated, end-to-end contact maintained Prefracture 8 125 64 72
Postfracture 5 125 43 70

Larynx
Canine

Human

Canine

Human

Canine

ML - midline, Post/ant - posterior segment positioned lateral to anterior segment, Ant/post - reverse positioning.
"Measurements are rounded to nearest unit.

to a waveform-processing digital oscilloscope and
recorded on a diskette. Spectral analysis of the
sound produced by the larynx permitted observa­
tion of the proportion of noise content of the voice

signal.
In each experimental condition, one vertical frac­

ture was simulated in the larynx by cutting the thy­
roid cartilage while the larynx remained suspended
in the apparatus. Great care was taken to avoid
damage to the endolaryngeal soft tissues, so that all
effects on phonation would result from the thyroid
cartilage fracture only. Eleven abnormal conditions
were investigated using two midline fractures and
three fractures of the lateral lamina (see Table).
The lateral fractures were approximately 5, 10, and
11 mm from the midline. The last fracture was in­
tended to be more posterior on the lamina, but the
position of the larynx in the suspension apparatus
prevented this. The species of larynx used for each
test was determined only by which larynx was

available on the day selected to test a new fracture
location.

The abnormal situations were created from the
five fractures either by separating the cut edges
with a I-mm thick aluminum strip cemented into
the fracture line with cyanoacrylate glue, or by
overlapping the anterior and posterior segments by
approximately 2 mm and holding them in place
with nylon sutures and glue. Airflow was kept as

stable as possible, and no adjustments in glottal
configuration other than that caused by the fracture
itself were performed. All measurements were re­

peated. Stroboscopic evaluation was accomplished
in all but the first larynx tested, the midline fracture
in the canine larynx.

RESULTS

It should be noted that final determination of

airflow for each larynx was based on the production
of satisfactory phonation in that particular larynx.
Small variations in pretrauma and posttrauma air­
flow occurred for each larynx, introducing some ex­

traneous variability into subglottal pressure levels
and SPLs., However, the quantity that is compared
most appropriately between different larynges and
for different conditions in each larynx is average
glottal resistance. This is computed from the ratio
of the average subglottal pressure to the average
airflow and specified in terms of acoustic ohms (1
acoustic 0 = 1 [dyne/cm2]/[mL/s]). Glottal resistance
is an indicator of the efficiency of the larynx in valv­
ing air during phonation." More importantly for
our study, glottal resistance is determined by glottal
configuration, and thus should be affected directly
by alterations in the shape of the thyroid cartilage.

The aerodynamic measurements are listed in the
Table. It can be seen that a I-mm separation of the
vertical fracture exactly in the midline of a canine

larynx produced a 53 % decrease in glottal resis­
tance. Similarly, a I-mm separation of a fracture in
a human larynx approximately 1 mm to the right of
the midline produced a 21 % decrease in glottal re­

sistance. This fracture also was tested with the seg­
ments in the overlapped positions. When the anteri­
or segment was overlapped lateral to the posterior
segment, a 40 % increase in glottal resistance was

noted. However, when the overlap was reversed,
glottal resistance increased by only 9 % relative to

the resistance prior to fracture. Similarly, testing of
the fractures located more laterally on the thyroid
lamina produced increases in glottal resistance of
20 % to 50 % with the anterior segment lateral to
the posterior segment. With the overlaps reversed,
glottal resistance increased only slightly for the
fractures 5 and 10 mm from the midline, and actu­

ally decreased for the fracture 11 mm from the mid­
line. In a final test, the fracture 11 mm from the
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Relative log power spectra of sound from canine larynx with fracture 11 mm from midline. Posterior segment was angulated lateral­
ly, but end-to-end contact with anterior segment was maintained. A) Prefracture, B) postfracture. Postfracture spectrum contains
more noise.

midline was tested with the posterior segment
angled laterally by approximately 30°, but still in
end-to-end contact with the anterior segment. A
29 % decrease in glottal resistance was found.

Prefracture and postfracture SPLs also are listed
in the Table. Noteworthy are the 7- and 19-dB falls
in SPL following J-mm separation of the fractures
at or near the midline. Decreases in SPL of 2 to 11
dB were recorded for the overlapped fractures with
the posterior segments lateral to the anterior

segments. Changes in SPL varied from a 2-dB fall to
a 4-dB elevation with the overlap reversed and with
the segments placed end-to-end but angulated.
However, the changes recorded for the overlapped
fractures must be viewed with caution. Each larynx
was noted to "sputter" because of irregular vibra­
tions of the vocal cords following creation of the
fractures. The minor adjustments in airflow re­

quired to achieve satisfactory phonation in these
situations make it impossible to attribute the SPL

changes entirely to the fractures. The log power
spectra of the sound produced by each larynx before
and after the fracture demonstrated the increased
noise content of the voice signal after injury. A

representative spectrum is shown in the Figure.
The mechanical effects of the fractures on vocal

cord position during phonation were seen clearly
when the larynges were viewed stroboscopically.
Separation of the fracture near the anterior com­

missure produced lateralization of the anterior end
of the vocal cord on the involved side, thus keeping
the glottis open during phonation. In the over­

lapped fractures, placing the anterior segment lat­
eral to the posterior segment caused the vocal cord
on the side of the trauma to be squeezed medially
against the opposing cord. When overlap was re­

versed in the fracture adjacent to the midline and in
the one 5 mm from the midline, the anterior com­

missure was compressed slightly and the vocal cord

was tensed along its entire length. For the fractures
10 mm and 11 mm from the midline, also, the vocal
cord was tensed, but it was pulled laterally pos­
terior to the fracture site so as to separate the vocal
folds.

DISCUSSION

In the excised larynges, minimally displaced
midline and lateral fractures of the thyroid car­

tilage caused alterations in glottal configuration
sufficient to disrupt the normal laryngeal valving
mechanisms. Fractures at or near the midline,
when separated by only 1 mm, caused a decrease in

glottal resistance. Overlapped fractures near the
midline or more laterally located on the thyroid
lamina caused either an increase or a decrease in

glottal resistance, depending on the orientation of
the cartilaginous segments. Angulation of a fracture
of the lateral lamina produced a decrease in glottal
resistance even though the cartilage fragments were

in end-to-end contact. Additionally, the amplitude
and noise content of the sound produced by each
larynx were affected. by the simulated injuries.
Therefore, relatively minor thyroid cartilage frac­
tures were shown in this experimental model to

have the potential to disrupt several aspects of vocal
function.

The total effect of less severe injuries of the laryn­
geal skeleton on phonation remains a complex issue
that only partially has been addressed by our study.
Although our data in excised larynges showed con­

sistent trends, they did not give definite answers

that can be applied yet to treatment planning in
clinical situations. A detailed statistical analysis of
the exact effects of a particular type of laryngeal
fracture and the least amount of displacement or

malalignment sufficient to cause a phonatory
disturbance will require study of that fracture in

multiple larynges. Further studies necessarily will
include evaluation of phonation following repair of
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the fractures to determine whether presently used
techniques are adequate to maintain the reduced

fragments in proper contact and alignment, thus
restoring normal vocal function.
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MONOCLONAL ANTIBODIES: THE COMING REVOLUTION
IN DIAGNOSIS AND TREATMENT OF HUMAN DISEASE
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Hybridoma technology has revolutionized the diagnosis of human disease. Owing to the unique specificity of monoclonal antibodies
(MABs) of murine origin, hundreds of highly sensitive, accurate in vitro diagnostic tests have been developed for clinical laboratory and at­

home use. Major research efforts are now underway to exploit this specificity for direct therapeutic purposes: MABs are being used by
themselves in treating lymphomas, and in conjugated form with radionuclides, toxins, and chemotherapeutic drugs to treat a variety of
tumors. Human MABs now are being tested in tumor imaging and for treatment of infectious diseases. New technologies have been
developed to alter the genetic structure of MABs (eg, chimeric antibodies) to increase their treatment efficacy. As development of

therapeutic uses for these reagents continues and, especially, as they receive approval for general clinical use, hundreds of kilograms per
year will have to be produced. This paper reviews some of the recent developments in this area and describes two novel technologies that
have been developed for large-scale cultivation of hybridoma cells.

KEY WORDS - hybridoma, mammalian cell culture, monoclonal antibody.

INTRODUCTION

Human health care is beginning to see the first
benefits from the techniques and reagents being
developed in biotechnology laboratories around the
world. Little more than a decade has passed since
Kohler and Milstein 1 of the British Medical
Research Council Laboratory at Cambridge Uni­

versity published their first paper describing mono­

clonal antibody (MAB) secretion from fused cells.
In this relatively short time, MABs have had an

astonishing impact on almost every facet of biology,
and several important industries have arisen from
their discovery. Commercial applications are being
developed in such diverse areas as agriculture, 2

veterinary medicine," immunopurification of bio­
logicals," diagnostic assays," and human therapy. 6

It is in the diagnosis and treatment of human dis­
ease that MABs are likely to make their most signif­
icant impact. Already, hundreds of in vitro diag­
nostic tests have been developed and are being mar­

keted, ranging from detection of HIV-1 antibodies
for acquired immune deficiency syndrome to at­
home pregnancy determination. In vivo medical
imaging will benefit from the unique specificity of
MABs. Perhaps the most far-reaching impact will
come from use of MABs as carrier molecules to de­
liver radionuclides, toxins, or chemotherapeutic
agents selectively to tumor sites and, as well, to

treat infectious disease. Furthermore, it is likely
that the antibody molecule itself will be altered ge­
netically to render it more amenable to certain ther­
apeutic and prophylactic applications.

Ultimately, though, as medical applications are

developed and begin to gain acceptance, the chal-

lenge will be to produce enough purified MAB to

meet the projected demand for hundreds of kilo­

grams per year in the 1990s. This paper reviews
some of the progress being made in the diagnostic
and therapeutic applications of MABs and reports
on two innovative techniques that have been devel­

oped recently for the large-scale culture of hy­
bridoma cells.

ANTIBODIES: PAST AND PRESENT KNOWLEDGE

Antibodies are the key molecular factors in a re­

markably versatile set of adaptive processes, found

only in vertebrates, by which animals form specifi­
cally reactive proteins (and cells) in response to in­
vasion by foreign substances. Taken collectively,
these processes are termed immune responses, and

they are the primary means of defense against infec­
tion by pathogenic microorganisms and viruses.
The notion that persons who recovered from certain
diseases could not contract them again has been
around for several thousand years. Over 2,500 years
ago, the Greeks noted that persons dying of various

contagious fevers or plagues could be tended, with­
out ill effect, by others who had contracted the dis­
ease previously and survived. The first repeatably
successful attempts at inoculating well individuals
to protect them from subsequent infection were re­

ported by Jenner in his development of the smallpox
vaccination technique. It Was not until the late 19th
century, however, that the basis for these immune

responses was discovered. Numerous investigators
found that so-called induced immunity could be
transferred from one individual to another by infu­
sions of blood or serum. It was suspected that a fac­
tor (or factors) within the serum component of
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Heavy cboin

_----Fc Fig 1. Schematic diagram of immuno­

globulin molecule. Heavy chains and
light chains are connected by disulfide
bridges as indicated. Antibody binding
regions (Fab) and constant region (Fe)
are shown. F(ab')2 is fragment con­

sisting of both antibody binding sites,
obtained by treating antibody molecule
with pepsin. Fd is that part of heavy
chain within Fab fragment. (Entire
light chain is within Fab fragment.)

N-Terminal C-Terminal

Heavy chain
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blood was responsible for conferring immunity. By
the beginning of this century, most of the currently
known serologic reactions were elucidated, and all
were shown to be specific. It was also demonstrated
that immune responses could be elicited by in­

troducing nontoxic substances (eg, milk proteins)
into the body. The organic molecules responsible
for eliciting an immune response were termed an­

tigens, and the antigen-specific neutralizing factors
arising in the serum of injected animals were

termed antibodies.

It is now well understood that antibodies are, in

fact, proteins belonging to a specific class of serum

proteins called immunoglobulins (Igs). Antibodies
are produced by B-Iymphocytes in response to an

antigen trigger. An antibody molecule is a glycopro­
tein made up of high molecular weight polypeptides
(heavy chains) and low molecular weight polypep­
tides (light chains) interconnected in a specific ar­

rangement by sets of disulfide bonds, as schemati­
cally depicted in Fig 1. The two antigen-binding
portions of the molecule contain the regions of
greatest amino acid variation and are referred to. as

the Fab regions (for Fragment: antibody binding).
The "fail end" of the molecule contains relatively
constant amino acid sequences and is called the Fe

region (for Fragment: constant). Each Bvlym­
phocyte produces antibody molecules of essentially
one specificity; that specificity is conferred by the
amino acid sequence in each of the two antibody­
combining sites formed by the pairing of one light
and one heavy chain. The tertiary structure of these
molecules has been well established by x-ray crys­
tallographic studies. There are a variety of classes
and subclasses of Ig molecules, all with a structure
similar to that shown in Fig 1, but differing on the
basis of their antigenic properties, amino acid se­

quences, size of the heavy chain components, and
nature of the interchain connections via disulfide

bonds. By far the most prevalent class of immuno­

globulins in humans is the gamma immunoglobulin
(IgG). With an approximate molecular weight of
150,000 daltons, IgGs constitute over 80 % of the
serum Igs. For an excellent and thorough overview
of antibody structure and function, see the book by
Eisen. 7

MONOCLONAL ANTIBODIES

Although individual antibody molecules are

highly specific, the reaction of a host to invasion by
a foreign substance is relatively nonspecific. If the
antigenic agent is sufficiently large (eg, a bacterium
or virus), B-lymphocytes will be stimulated to pro­
duce antibodies that identify and bind to thousands
of different antigens present on the surfaces of the
intruding organism. While this polyclonal response
can be produced readily by injecting an animal
with the antigenic agent and harvesting the product
of its immune system, the biochemical complexity
of the polyclonal sera makes it virtually impossible
to isolate a single antibody that reacts with a spe­
cific antigen. Unfortunately, B-Iymphocytes cannot
be maintained indefinitely in tissue culture. In an

ingenious approach developed by Kohler and Mil­
stein;' surfactants such as polyethylene glycol can

be used to fuse Bvlymphocytes with a more stable
cultured cell line. In some of the fusion products,
the nuclei of each cell type fuse with each other,
creating hybrids that can be maintained indefinite­
ly in tissue culture while retaining the ability to pro­
duce antibody. The usual procedure is to fuse
B-Iymphocytes from an immunized animal with a

cultured myeloma cell line. Typically, mouse cells
are used for this purpose, as mice can be immunized
easily (and thus are an excellent source of Bvlym­
phocytes), and several murine myeloma cell lines
are readily available. Of the thousands of different
hybridomas formed from such a fusion, only a few
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are likely to be producing antibodies against the an­

tigen of interest. It is a straightforward (though te­

dious) process to isolate and clone those few hy­
bridomas. The result is a homogenous cell line in
which each hybridoma cell is a duplicate of its sister
in culture, and all are producing identical copies of
the same Ig. The antibodies so produced are called
monoclonal antibodies (MABs). It was only with the
advent of Kohler and Milstein's fusion technique in
19751 that the enormous diagnostic and therapeutic
potential of these highly specific molecules could be
assessed and exploited.

DIAGNOSTIC APPLICATIONS

The in vitro detection of agents in blood and
other tissue fluids represents the first practical ap­
plication of MABs in human health care. Among
the first laboratory diagnostic applications in the
early 1980s was the quantitative measurement of
helper (T4) and suppressor (T8) Tvlymphocyte ra­

tios in blood for the assessment of immunocom­

promised individuals." More recently, several com­

panies have begun marketing in vitro diagnostic test
kits for pregnancy determination (Monoclonal An­
tibodies, Mountain View, Calif) and detection of
AIDS (Biotech Research Labs, Rockville, Md; Cen­
tocor, Malvern, Pa; Genentech, South San Francis­
co, Calif), cytomegalovirus (Cetus Corp, Emery­
ville, Calif), and hepatitis B (Centocor; Biogen
Corp, Cambridge, Mass; Chiron, Inc, Emeryville,
Calif; Integrated Genetics, Framingham, Mass).

Of even greater potential significance is the area

of in vivo medical imaging. Monoclonal antibodies
can be linked covalently with radionuclides or con­

trast agents for in vivo use with a nuclear camera or

magnetic resonance imaging scanner to precisely
localize damaged tissue or cancerous lesions.9-11
Already available in the European marketplace is
an anti-myosin MAB (Centocor) that binds with in­
tracellular cardiac myosin only when that protein is

exposed in irreversibly damaged heart cells. Most
methods of evaluating necrosis in myocardial in­
farction are based on functional properties of car­

diac tissue and, as such, are not particularly useful
for differentiating between irreversible necrosis and
severe ischemia. The, imaging kit, employing anti­

body coupled to radioactive technetium 99, already
is becoming a useful tool for evaluating the extent of
necrosis in the early hours following myocardial in­
farction.

Although they are not yet on the market, a num­

ber of companies (Centocor; Oncogene Science,
Inc, Mineola, NY; Xoma Corp, Berkeley, Calif; Cy­
togen Corp, Princeton, NJ; Hybritech, Inc, San Di­

ego, Calif) are developing in vivo tumor imaging
MABs for detection of lymphomas, gastrointestinal
cancers, colorectal cancer, renal cell carcinoma,
ovarian carcinomas, breast tumors, and lung can­

cers. An interesting and potentially very useful ap-
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plication of MABs is in assessment of host cell ac­

cumulations within tumors. While the functional
significance of cellular infiltrates within a primary
neoplasm remains obscure, several investigators
have noticed a positive correlation between infil­
trate intensity and clinical stage. 12 Recently, a pan­
el of MABs against various human lymphocyte sub-­
sets and macrophages was used to study discrete
subset infiltration within frozen sections from surgi­
cal specimens of laryngeal carcinoma." It was

found that host cell infiltrates at the tumor periph­
ery were composed of T4 lymphocytes and macro­

phages, while T8 and natural killer cells appeared
to be intermingled with tumor cells further into the
tumor. Studies such as these have potential applica­
tion beyond the tumor studied; for example, the
cause of laryngeal cancer is like that of squamous
cell bronchial cancer, for which the patient prog­
nosis is decidedly worse. Given the widespread ba­
sic and clinical research underway in the United
States, Europe, and Japan, it is certain that MABs
will be extremely helpful for the detection, moni­

toring, and staging phases of cancer management
programs.

THERAPEUTIC APPLICATIONS

It is likely that the greatest impact of monoclonal
antibodies in human health care will be the direct
treatment of human infection and other disease.
This impact is still farthest away from the market­
place, as strict Food and Drug Administration
(FDA) regulations and guidelines must be followed
in obtaining clinical trial data showing safety and
efficacy. Nonetheless, hundreds of clinical trials are

underway in Europe and the United States. Mono­
clonal antibodies have been developed against bac­
terial antigens such as tetanus toxoid, 14,15

gram-neg­
ative endotoxins;" diphtheria toxoid, 17 .and Pneu­
mococcus'"; against viral antigens such as cytomeg­
alovirus," measles;" and Varicella zoster"; against
malarial parasite antigens"; and against antigens
involved in autoimmune diseases such as systemic
lupus erythematosus" and rheumatoid arthritis. 24

Many of the MABs referred to above are already in
human clinical trials. In the area of antisepsis treat­

ment, for example, several companies (Centocor;
Cetus Corp; Xoma Corp; Hyland Therapeutics Di­

vision, Travenol Laboratories, Inc, Duarte, Calif)
are engaged in a fierce competitive race to reach the
market first. This is due to the potentially large and
lucrative market for treatment of postoperative in­
fection in hospitals.

At present, the major clinical research efforts are

being put into anti-tumor antibody research and
development. The basic notion is quite simple. Sur­
faces of tumor cells contain a large number and
variety of proteins, some of which are specific to the
tumor type. Monoclonal antibodies that bind to

such tumor-specific antigens then could be used to

identify those tumor cells. A number of antibodies
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recognizing tumor antigens have been reported;"
For example, the antibody designated SQM1, di­
rected against the surface membrane of squamous
carcinoma cells, has been shown to bind positively
to frozen tissue sections of biopsies from head and
neck squamous cancer lesions, but to be unreactive
with cells of the normal mucosa and stroma;" If the
tumor antigen were completely specific to all cells
in the tumor, then the antibody could be used as a

precisely selective targeting vehicle to bring a cell­

killing compound directly to the tumor cells. In

principle, the problems associated with using non­

specific cytotoxic agents such as chemotherapeutics
would be completely eliminated, along with the

painful side effects common to cancer therapy.
There are a number of approaches being taken in
this field. The .simplest strategy is to find antibodies
that, by themselves, specifically bind to and kill
tumor cells. While attractive, this approach may be

extremely difficult, as most researchers believe that
tumors are composed of heterogeneous cell popula­
tions. Also, many solid tumors probably contain

semipermeable membranes around portions of the
tumor mass, membranes that will not allow the an­

tibody access to the core of the tumor. Nonetheless,
some treatments have been promising. In a clinical
trial at Stanford University;" anti-idiotype an­

tibodies specific for individual patients' B celllym­
phomas have been developed, and several dozen pa­
tients have been treated to date, with some com­

plete and partial remissions reported.
Conjugating antibodies to cytotoxic agents is a

technique beginning to be explored in human clini­
cal trials. Since a great deal already is known about
the effects of conventional chemotherapeutic drugs
on cancer, these compounds are good candidates for

conjugation. Ideally, the conjugation chemistry
employed to link the compound to the antibody

- should be designed so that neither the compound
nor the antibody active site is compromised. Also, if
the drug were released from the antibody upon
binding at the tumor antigen site, the drug would
be free to attack neighboring cells, thus circumven­

ting the problem of tumor cell heterogeneity. The
first such clinical trial, involving an antibody to

adenoearcinomas, has begun- at the Scripps Clinic
and Research Foundatiori in La Jolla, Calif. Pa­
tients are being treated by a MAB (termed KS 1/4)
conjugated to methotrexate, a cell cycle-specific
cytotoxic compound. The KS 1/4 antibody is esti­
mated to be reactive with about. 65 % of all human
lung cancers (ie, 97,000 new patients in 1986).
Phase 1 clinical trials recently completed indicate
that at total dosages of 1 g of antibody, the tumor

was saturated with antibody in all 12 patients that
were treated. 28

Conjugating MABs to toxins is another approach
to killing tumor cells. The primary advantage of

toxins is their concentrated effect: only a few toxin
molecules are required to kill a cell. The main prob-

lem with this method is that toxins are nonselective.
The antibodies should cross-react minimally with
normal tissue, and the covalent linkage between
toxin and MAB must be strong to avoid decoupling
and subsequent destruction of normal cells. There is
considerable commercial interest in this approach,
and initial clinical trials have begun under FDA

regulation (Cetus Corp; Xoma Corp; Hybritech,
Inc) in the areas of melanoma treatment, colorectal
cancer, breast cancer, and ovarian cancer.

A third conjugation approach is to link radioiso­
topes to MABs. The advantage of radioactivity is
that its killing distance is about 1 cm, thereby over­

coming the issue of heterogeneity in tumor cell pop­
ulations. Of course, this long-distance killing can

affect normal cells in the vicinity of antibody­
bound tumor cells. Several clinical trials are under­
way using a variety of radioactive isotopes in treat­

ment of liver, breast, lung, prostate, and colorectal
cancers.

Although clinical trials involving MABs injected
into humans have been underway for only a few
years, there is one antibody that already has been

approved for human use by the FDA. It is a T

cell-specific antibody that is being used to prevent
graft rejection in kidney transplants. Data from the
clinical trials indicate well over 90 % treatment suc­

cess with this product. 28

It is important to note that most of the studies re­

ported above are being conducted with murine

MABs, that is, monoclonal. antibodies made by hy­
bridomas of murine origin. It is obvious from nu­

merous clinical trials that murine MABs can be ad­
ministered safely, but many of the patients receiv­

ing murine antibodies have had diseases or have
been subjected to treatments that reduced their im­

munocompetence. In some cases, continued admin­
istration of murine antibodies has led to anti-mouse
titers that neutralized the therapeutic effect.29,30 It

might be possible to minimize the problems associ­
ated with murine antibodies by desensitization of

patients using high doses of murine antibodies or by
immunosuppressive therapy prior to antibody ther­

apy. A logical solution to this problem may lie in the
use of human monoclonal antibodies in treatment

protocols. The lack of suitable human mye­
loma-like fusion partners has hampered attempts to

generate monoclonal antibodies by methods that
had proved useful in the mouse. Attempts at pro­
ducing human antibody-secreting B cell lines by in­
fection with Epstein-Barr virus or by making
mouse/human hybrids have been fruitless, as result­
ing cell\ lines either were very poor producers or

proved to be chromosomally unstable. More recent­

ly, limited success has been achieved using
mouse/human heteromyeloma31,32 and lymphoblas­
toid fusion partners.P-" Limited cell line stability
and low antibody secretion levels continue to be
problems with these cell lines, however. It is possi-
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Fig 2. Hollow fiber cartridges. A) Hybridoma cells growing in bioreactors. Each bioreactor contains about 1010 cells growing in ex­

tracapillary volume among fibers. B) Scanning electron micrograph showing hybridoma cells densely packed between adjacent hol­
low fibers with fibers removed (original x204). (Photos courtesy of Endotronics, Inc)

ble that continued subcloning of already existing
lines may eventually yield productive, stable cell
lines. Further out on the horizon, recombinant
DNA technology will be used to generate chimeric
antibodies (ie, antibodies with Fab and Fe regions of
different species origin), .or even to "genetically"
transplant hypervariable regions of a mouse anti­

body into the framework region of a human anti­

body.">" In fact, many human monoclonal anti­
bodies already are being generated for use as probes
to study autoimmune and allergic disorders. 37

ISSUES IN LARGE-SCALE PRODUCTION

Clearly, there has been substantial activity in the
past 10 years as a number of diagnostic and thera­
peutic industries have been formed to exploit the
unique specificity properties of MABs. For MABs to

realize their full potential, substantial quantities
will have to be produced. Currently, production re­

quirements call for amounts ranging from a few mi­

crograms per test, in the case of some in vitro diag­
nostic test kits, to a few grams per dose, for ther­
apeutic treatment of some cancers. The need for
large quantities of MABs has risen quite dramat­
ically since 1981, so much so that an entire contract

production industry has arisen just to service the
needs of diagnostic and pharmaceutical companies
wishing to employ MABs in their products. In 1980,
the world's entire production capacity for MABs
was estimated to be in the range of 100 mg to 1 g.
By 1983, production by all sources probably ap­
proached 100 g, and during 1986, something on the
order of 20 kg had been produced. This 10,000-fold
increase in just 5 years is a testimonial to the impact
MABs are having on research and development pro­
grams and the marketplace. As MABs begin to be
approved as therapeutics, production requirements
will increase sharply. For example, in the clinical
trial underway at Scripps Clinic and Research
Foundation (referred to above), the KS 1/4 an­

tibody is estimated to be reactive with about 65 % of
all human lung cancers. Given the estimated lung

cancer incidence of 149,000 in the United States

during 1986, there would be a potential for 97,000
patient treatments. Currently, Phase 2 clinical
treatment protocols call for a total dosage of 2 g of
methotrexate-conjugated antibody per patient. If
this treatment were to demonstrate any reasonable
level of clinical efficacy, it undoubtedly would
become the treatment of choice, as lung cancer is

generally fatal. At a dose rate of 2 g per patient,
over 190 kg of MAB product per year would be re­

quired to treat this one disease.

Coincident with the research on new medical ap­
plications, new technologies have been developed to

culture hybridoma cells on a large scale. The most
common method of hybridoma culture has been in
the peritoneal cavity of mice. While high concen­

trations of antibody are achievable in ascites fluid
(5 to 15 mg/mL), each mouse produces relatively
small amounts of antibody, so tens of thousands of
mice would be required to produce even 1 kg of
MAB. In vitro culture has its own problems, as

mammalian cells in general, and hybridoma cells in

particular, are quite fragile and have high oxygen
and nutrient requirements. Unlike other microor­

ganisms, they cannot be cultured easily in large
fermenters. While special fermenters up to 1,000 L
in volume have been designed specifically for mam­

malian cell culture;" cells cannot be grown in den­
sities any higher than in T-flask or spinner flask
cultures (ie, about 106 cells/mL of culture volume).

Within the past 5 years, a novel cell culture tech­
nique has been developed that permits mammalian
cells to be cultured at densities well above 108
cells/mL. 39 The cell growth chamber consists of a

mass of hollow fibers packed longitudinally into a

cylindrically shaped cartridge. Each fiber is a

hollow tube with a 200-Jtm inner. diameter and a

semipermeable membrane. Cells are grown in the
extracapillary volume among the fibers, and the
fibers themselves are used for delivery of cell
nutrients. Figure 2A shows hybridoma cells grow-
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ing in several hollow fiber cartridges. Hybridoma
cells grow to high densities in the extracapillary
volume while MAB product is continuously har­
vested in high concentrations (100 to 500 jtg/mL)
from the spent media. Figure 2B is a scanning elec­
tron micrograph of the interior of a hollow fiber

cartridge with the fibers stripped out. Cells are

packed into the extracapillary volume. Important
culture conditions such as pH, dissolved oxygen,
and temperature are monitored and controlled via

computer. In addition, the computer monitors
critical physiologic properties of the cells such as

glucose uptake and lactose production?' to optimize
antibody production on a per-cell basis. Using one

such commercially available hollow fiber system
(the Acusyst-P Cell Culture System, Endotronics,

. Inc, Coon Rapids, Minn) MAB in reasonably pure
form (> 50 %) can be harvested at a rate of several
grams per day from an average-producing hybri­
domaline.

Another interesting approach to large-scale hy­
bridoma culture is microencapsulation, in which
cells are grown in the interior of hollow microcap­
sules WIth semipermeable membranes. 41 As with the
hollow fibers, the membrane permeability can be
tailored to permit free access by nutrient media, but
not allow antibody product to cross. In this unique
process, the hybridoma cells are contained in liquid
microdroplets that are then converted to gelled mi­

crospheres. The semipermeable membrane is
formed around the gelled microspheres, the gel is

reliquified, and the hybridoma cells are now

trapped within the hollow microspheres. Cell-con­
taining microspheres then can be placed into spe­
cially -.designed fermenters in which antibody pro­
duction commences. Figure 3 is a photomicrograph
of hybridoma cells growing in microcapsules. Over
a period of several weeks, the antibody concentra-

Fig 3. Hybridoma cells growing
inside hollow microcapsules with
semipermeable membranes. Cells
grow to high densities (> 108
cells/mL) within microcapsules.
Microcapsule diameters are about
700 ILm. (Photo courtesy of Da­
mon Biotech, Inc)

tion builds up to over 1 mg/mL within the capsules,
which are subsequently broken open to release the
antibody for further processing. Antibody produc­
tion rates with microencapsulation are similar to

rates obtained WIth hollow fiber systems.

SUMMARY AND CONCLUSIONS

It is clear from the foregoing that MABs represent
a very special class of molecules. In the decade since

hybridoma technology was invented, MABs have
become the cornerstone of the emerging biotechnol­
ogy industry. Hundreds of different in vitro diag­
nostic tests already have been developed, and the
relative ease and low cost with which mouse MABs
of high titer and high affinity can be produced in

response to a broad range of specific antigens is like­
ly to make them the reagents of choice for most in
vitro diagnostic applications. Diagnostic medical
imaging applications, however, are likely to be­
come increasingly important, particularly as hu­
man MABs become more widely available. The sin­

gle most important application will be the imaging
of malignant tumors by radionuclide-conjugated
MABs. Another important imaging application will
be the detection of vascular and degenerative le­
sions, especially acute myocardial infarcts. Finally,
radionuelide-labeled MABs against various patho­
genic viruses and bacteria will facilitate diagnosis of
lesions in internal organs, thus decreasing the need
for invasive diagnostic procedures.

It is in the therapeutic arena, however, that
MABs are likely to make their biggest impact on

human health care. Tumor therapy most likely will
become the largest application within the next 5
years. As techniques for creating stable productive
human hybridomas are developed, MABs undoubt­
edly will prove effective in the treatment of infec­
tious disease, particularly for acute viral illnesses
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for which presently available antibiotics are known
to be ineffective. Treatment effectiveness will be in­
creased by coupling MABs to other cytotoxic agents
such as toxins, chemotherapeutics, and radioactive

isotopes. Further applications will be found for

genetically altered MABs; for example, chimerics.
The above advances have spawned a revolution

in our understanding of basic immunologic pro-
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cesses and in the creation of new reagents to study
cell-cell interactions. This revolution now is being
translated into significant improvements of existing
diagnostic tests and development of whole new

areas for diagnostic measurement and monitoring.
The greatest impact of MAB technology will occur

in the treatment of human disease. It is in this area

that the revolution has yet to come.
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Forty-eight cases of tracheal agenesis have been reported to date. Previous authors have studied gross postmortem laryngeal speci­
mens. Of 37 cases wherein laryngeal findings were mentioned, only 14 were reported to be abnormal. This report details two more cases of
tracheal agenesis and includes a detailed histopathologic study of the laryngeal anomalies by serial horizontal section. Although one of
these specimens appeared normal at autopsy, both were found to have several abnormalities when studied microscopically in horizontal
section. Both have an elliptical cricoid cartilage, an abnormality originally discovered by one of us (G.F.T.) using the same technique.

KEY WORDS - cleft larynx, congenital laryngeal anomalies, elliptical cricoid cartilage, tracheal agenesis.

INTRODUCTION

Tracheal agenesis is a rare and universally fatal
congenital anomaly. Our report of two newborns
with this condition brings the number of reported
cases to 50. Other investigators have evaluated this
anomaly to clarify the embryology of the upper
aerodigestive tract; however, the literature contains

only reports of gross pathologic examination of la­

rynges from affected infants .. Serial horizontal sec­

tioning of these specimens allows a more detailed
and precise investigation, often leading to unantici­

pated observations, particularly regarding the mor-

phology of the cricoid cartilage.
.

CASE REPORTS

Case 1. A 2,300-g girl was born to a 42-year-old
mother by low forceps delivery. Her Apgar scores

were 7 and 8. The infant developed respiratory dis­
tress and was given positive pressure ventilation by

mask shortly after birth. Multiple attempts at in­
tubation failed, but esophageal placement of an en­

dotracheal tube improved ventilation. Emergency
laryngoscopy was carried out immediately upon
transfer to The Children's Memorial Hospital in

Chicago.
The subglottic larynx was found to end in a blind

pouch. An attempted tracheotomy became a neck
exploration, but no trachea could be identified.
Contrast medium injected into the endotracheal
tube showed a communication between the mid­

esophagus and both main bronchi. The diagnosis of
tracheal agenesis having been made, the chance of

long-term survival was recognized to be nil. The
decision was made with the family to terminate

ventilatory support, and the infant died the next

day.
In addition to tracheal agenesis and the laryngeal

findings detailed below, autopsy revealed an infant

Fig 1. (Case 1) A) Artist's rendering of anterior aspect of larynx. Arrows indicate level of horizontal sections in Band C. B) Horizon­
tal section at level of arytenoid cartilages (A). Arrow - posterior cleft, T - thyroid cartilage. C) Photomicrograph of same section.
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Fig 2. (Case 1) A) Artist's rendering of larynx from posterior aspect. Arrows indicate level of horizontal sections in Band C. B)
Horizontal section through larynx at level of cricoid ring. Arrow identifies posterior cleft of cricoid cartilage (C). Soft tissue is intact
at this level. T - inferior cornu of thyroid cartilage. C) Photomicrograph of same section.

weighing 1,816 g, measuring 46.5 em in length, and
having a gestational age of 36 weeks. The uterus
was rudimentary, and the urethra entered into a

blind vaginal pouch. There was a patent foramen
ovale and a widely patent ductus arteriosus. The in-

I nominate artery was absent.

The larynx was obtained and embedded in pyrox­
ylin (Parolodion) in the usual fashion. It was sec­

tioned at 28 p,m in the horizontal plane from top to

bottom, and every 20th section was mounted and
stained with H & E.

The most striking abnormality is an incomplete
posterior laryngeal cleft with an absent posterior
cricoarytenoid muscle (Fig 1). The lumen of the cri­
coid ring is elliptical rather than round (Fig 2). The
inferior extent of the cleft is midway through the
posterior cricoid lamina (Fig 2). A protuberance or

spine is present in the intact posterior-inferior as­

pect of the cricoid cartilage (Fig 3). There is no

atretic plate of cartilage at the inferior margin of
the cricoid ring.

From the anterior commissure to the vocal pro­
cesses of the arytenoid cartilages, the vocal folds
measure 5 mm. Because of the laryngeal cleft, the
distance between the anterior commissure and the
posterior glottic wall could not be measured with
accuracy. The anterior-posterior and transverse di­
ameters of the superior cricoid cartilage are 7 mm

and 4 mm, respectively. Thickening of the overly­
ing mucous membrane in this area reduced the cri­
coid lumen to 4 x 2 mm. The anterior-inferior as­

pect of the cricoid cartilage is dehiscent (Fig 3B,C).
The thyroid cartilage, as well as the glottic and su­

praglottic structures, is relatively normal. These re­

lationships are demonstrated best in the artist's ren­

dering of the larynx (Figs lA, 2A, and 3A).
Case 2 .• A I,400-g boy born to an 18-year-old

woman
. developed respiratory distress immediately

after delivery. Positive pressure ventilation by mask
was not effective. Multiple unsuccessful intubation
attempts were made at the original hospital, as well
as at a nearby tertiary care facility. The patient was

transferred to The Children's Memorial Hospital in

Chicago.
Emergency direct laryngoscopy revealed a blind

subglottic pouch. The esophagus was intubated and
the patient adequately ventilated. Intraoperative
chest radiographs showed bilateral pneumothoraces.
Chest tubes were placed and the respiratory status
stabilized. Esophagoscopy demonstrated a I-mm
diameter distal bronchoesophageal fistula.

The patient's subsequent hospital course included
several episodes of respiratory distress requiring ad­
justment of the esophageal endotracheal tube. Ven­

tilatory support was discontinued shortly there­
after, and the child died 34 hours after birth.

Fig 3. (Case 1) A) Artist's rendering of left lateral aspect of larynx. Arrows indicate level of horizontal sections in Band C. B)
Horizontal section through larynx near inferior extent of cricoid cartilage (C). No atretic plate is present. T - inferior cornu of
thyroid cartilage. C) Photomicrograph of same section.
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Fig 4. (Case 2) A) Artist's rendering of anterior aspect of larynx. Arrow indicates level of horizontal sections in Band C. B) Horizon­
tal section through larynx at superior end of cricoid cartilage (C). Cricoid is elliptical and extends superiorly to just below vocal
folds. A - arytenoid cartilages, T - thyroid cartilage alae. C) Photomicrograph of same section.

At autopsy, the child was determined by exami­
nation to be at 36 weeks' gestation. He weighed
1,486 g, was 41.5 cm in length; and had bifid ribs,
hemivertebrae, absent right thumb, ovoid shaped
pupils, hypoplastic left kidney and ureter, and a

3-mm ventricular septal defect. Examination of the
larynx was carried out after decalcification, hori­
zontal sectioning, and staining as described above.

An elliptical cricoid cartilage extends superiorly
to just below the vocal folds (Figs 4-6). The cricoid

cartilage has an increased rostral-caudal length.
The thyroid cartilage extends inferiorly only to the

glottic level and therefore is shorter than normal.
The vocal folds are 5 mm in length, and the distance
between the anterior commissure and the posterior
glottic wall is 6 mm. Superiorly, the cricoid carti­

lage measures 7 mm in the anterior-posterior di­
mension and 4 mm transversely. The overlying soft
tissue is of normal thickness and does not contribute
to the subglottic stenosis. Again, no atretic plate is

present along the inferior aspect of the cricoid ring
(Fig 6).

DISCUSSION

Of the 48 case reports of tracheal agenesis, there
are comments on the condition of the larynx in
37.1-7 Fourteen were reported to be abnormal. The
actual number is probably greater. Of the two cases

reported here, the only abnormality identified by
the pathologist was the laryngeal cleft for case 1.
Gross examination revealed no abnormalities in
case 2. Prepared by the histopathologic techniques
established by Gabriel F. Tucker, Jr, horizontal
serial sections of whole larynges have elucidated
congenital and acquired conditions that were not

readily apparent on endoscopy or routine postmor­
tem examination. 8-10

Using the same techniques to examine our two

specimens, we discovered both larynges to have a

number of abnormalities. An elliptical cricoid carti­

lage was found in both cases. In 1979, Tucker et al
first described the elliptical cricoid cartilage.10
Since then, the condition has been recognized in six

living patients. 11

The glottic dimensions of the two larynges are

similar. Measurements of both are within the range
of normal established by Schild's data for neonates

of 36 weeks' gestation." This finding suggests nor­

mal glottic development.
An association between the VATER syndrome

(vertebral defects, imperforate anus, tracheo­
esophageal fistula, and radial and renal dysplasia)
and tracheal agenesis has been noted.P The struc­

tures affected in the VATER syndrome undergo or­

ganogenesis during the fourth to seventh postovula­
tory weeks; this timing coincides with that of laryn-

Fig 5. (Case 2) A) Artist's rendering of left lateral aspect of larynx. Arrow indicates level of horizontal sections in Band C. B)
Horizontal section at level of cricoid ring (C) demonstrating elliptical shape of cartilage and lumen. T - inferior cornu of thyroid
cartilage. C) Photomicrograph of same section.
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Fig 6. (Case 2) A) Artist's rendering of posterior aspect of larynx. Arrow indicates level of horizontal sections in Band C. B) Horizon­
tal section through inferior aspect of cricoid cartilage (C). No atretic plate or lumen is apparent at this level. T - right inferior cor­

nu of thyroid cartilage. C) Photomicrograph of same section.

geal and tracheal development. 14 Including trache­
al agenesis, 31 of the 48 previously described cases

have had two or more of the VATER anomalies. 13

This is important, since two-defect combinations
occur 11 times more frequently than by chance
alone": case 1 has a urethral aberration; case 2,
hemivertebrae, bifid ribs, absent thumb, and a hy­
poplastic kidney and ureter.

SUMMARY

For the first time, larynges from two infants with
tracheal agenesis have been studied in detail by the
histopathologic technique of serial sectioning of the
whole organ in the horizontal plane. An elliptical
cricoid cartilage with a relatively normal glottis is

present in both specimens. This rare cricoid carti-

lage anomaly is difficult to diagnose clinically and
only recently has been described.l'' Our findings
suggest the following conclusions:

1. Congenital laryngeal anomalies, particularly
cricoid cartilage deformities, may have been
present but unrecognized in previous reports of
tracheal agenesis.

2. The abnormalities identified in these two cases

support the association of tracheal agenesis with
the VATER syndrome.

3. Investigation of congenital laryngeal anomalies,
particularly those associated with tracheal agen­
esis, is best accomplished by careful histopatho­
logic examination, preferably by horizontal seri­
al sectioning of the whole organ.
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The Held of reconstructive surgery of the laryngotracheal complex has been the object of considerable enthusiasm in recent years. New

surgical techniques, better surgical tools, and improved diagnostic skills all have contributed to a more confident approach to severe

laryngotracheal stenosis. Just as the surgeon's judgment is crucial for a successful primary laryngotracheal reconstruction, so are his or her
skill and judgment vitally important in managing the various problems that frequently are found following reconstructive surgery of the

larynx and trachea. These problems, although seemingly minor, may prevent successful decannulation if not managed appropriately. This

paper discusses the various problems that have been encountered while achieving decannulation following laryngotracheal reconstruction.
An approach to such frustrating problems as suprastomal collapse, granulation tissue, and the inability to decannulate are presented.

KEY WORDS - laryngotracheal reconstruction, laryngotracheal stenosis, subglottic stenosis.

INTRODUCTION

Surgical therapy of the laryngotracheal complex
for improvement of the airway has become much
more common. Refined techniques for operating on

these structures have made it possible for surgeons
to perform major reconstructive operations while
keeping tracheal and laryngeal scarring to a mini­
mum."" Ongoing experience with stenting and
grafting, better preoperative evaluation, and use of
a variety of surgical techniques allow a surgeon to

customize the reconstructive procedure to each par­
ticular problem. Because of the multiplicity of le­
sions that may compromise the airway, successful
reconstruction requires both creativity and imagi­
nation on the part of the surgeon. In a similar fash­
ion, postoperative care of patients following laryn­
gotracheal reconstruction must be individualized.

It is an error to assume that a major reconstruc­
tive procedure on the airway, such as laryngotra­
cheal reconstruction, will provide a satisfactory air­

way without further therapy. Unfortunately, many
of our patients and colleagues believe this to be the
case. In certain selected situations, this may be true;
however, more frequently a successfullaryngotra­
cheal reconstruction requires highly skilled and
diligent postoperative care, including medical,
surgical, and endoscopic therapy. This paper ad­
dresses the multiple problems the surgeon faces in

achieving a satisfactory airway after laryngotrache­
al reconstruction and offers therapeutic solutions
for the clinician.

Occasionally we have compared the treatment
course of these patients to flying an airplane. The

takeoff, representing the initial reconstructive oper­
ation, is a major step toward completing the jour­
ney. But once the plane is in the air, multiple ad­
justments must be made to keep the flight success­

fully on course. The same is true with a patient who
undergoes laryngotracheal reconstruction. After the
laryngotracheal reconstruction has been per­
formed, minor surgical procedures or medical ther­
apy may be needed to assure the success of the oper­
ation. Decannulation, which can be compared to

landing the airplane, is the last major step and re­

flects the ultimate success of the mission. To empha­
size this concept to our patients, we frequently refer
to treatment of these diseases as a course of therapy,
thereby reinforcing the point that the treatment

necessary for a successful outcome involves more

than one step or procedure.
To determine the additional care required for

successful decannulation, the 42 patients. who ex­

perienced a primary laryngotracheal reconstruction
from July 1, 1985, to June 30, 1986, were reviewed.
These procedures all were performed at the Chil­
dren's Hospital of Cincinnati. All but one of these
patients were tracheotomy-dependent, and laryn­
gotracheal reconstruction was performed in the one

patient who did not have a tracheostomy because of
severe intolerance to minimal physical activity.

PREOPERATIVE CARE

Successful laryngotracheal reconstruction re­

quires proper patient selection and preoperative
evaluation, beginning with deciding on the age at

which to perform the procedure. Although this does
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not become an issue for the adult patient with

laryngotracheal stenosis, the physician who cares

for pediatric patients is asked this question fre­

quently. Though the answer depends on many con­

ditions, most laryngotracheal reconstructions can

be performed successfully by the time a child is 1 to

11/2 years of age and weighs approximately 10 kg. In
selected instances, we have performed successful
laryngotracheal reconstruction on infants who were

less than 1 year of age. Our earliest laryngotracheal
reconstruction was performed in a 9-month-old. It
has been our experience that performing this opera­
tion earlier makes the surgery more difficult tech­

nically and that the postoperative endoscopic care is
also more challenging. One should remember that a

cricoid split may be an acceptable therapeutic alter­
native to laryngotracheal reconstruction in some

patients with a limited anterior subglottic stenosis. 6

Many pediatric patients with laryngotracheal
stenosis have concomitant pulmonary disease, the

, most common
.

being bronchopulmonary dysplasia.
Correction and stabilization of pulmonary and car­

diovascular disease should be done before laryngo­
tracheal reconstruction. There are a number of rea­

sons for this. The harvesting of rib grafts for laryn­
gotracheal grafting can compromise the pulmonary
system postoperatively and places the patient at risk
for a pneumothorax. Laryngotracheal reconstruc­
tion and the stents that may be used in such a pro­
cedure can lead to postoperative aspiration that
would compound the difficulties experienced in

postoperative care of a patient with pulmonary
compromise. Additionally, even if the procedure is

successful, a patient who has severe pulmonary
disease may require further ventilatory support that
precludes decannulation. For similar reasons, a

laryngotracheal reconstruction should be delayed if
it appears that other operations or anesthetics will
be required in the near future. In this way, unne­

cessary trauma to an abnormal larynx is avoided.

Other medical problems that should be addressed
preoperatively include nutritional status, gastro­
esophageal reflux (GER), and proper evaluation of
the primary insult that caused the laryngotracheal
injury. As head and neck surgeons,' we are acutely
aware of the postoperative 'complications that can

develop in patients who are malnourished.?" The
infant who undergoes laryngotracheal reconstruc­

tion is no exception.

Gastroesophageal reflux is a condition that is fre­
quently overlooked. It has been our impression that
patients with uncontrolled GER have a higher rate
of failure in laryngotracheal reconstruction and also
require more postoperative procedures, especially if
a laryngeal stent is present. When GER occurs with
a stent in place, prime conditions exist for forma­
tion of excessive granulation tissue and scarring.

Recently, we have become much more aware of

the important effect this may have on successful
decannulation. Several infants have failed decan­

nulation following an apparently successful laryn­
gotracheal reconstruction because of apnea and
laryngospasm associated with GER.9 Correction of
the GER subsequently allowed decannulation. It is
our routine for every patient undergoing laryngo­
tracheal reconstruction to have a preoperative nu­

clear medicine scan to evaluate for GER.

Laryngotracheal reconstruction should be de­
layed if the stenosis is not mature or if the condition
causing the stenosis, such as an infectious or inflam­
matory disease, is not controlled. An immature
stenosis at times still may be treated by conservative
methods. Waiting until the stenosis matures allows
the surgeon to recognize preoperatively the full ex­

tent of the stenosis. In rare cases, the condition
causing the stenosis may never be controlled. This is
demonstrated well in those patients who have an in­
herent cartilage abnormality such as spondylo­
epiphyseal dysplasia. 10

Finally, proper preoperative evaluation of the
larynx should include flexible laryngoscopy to assess

the motion of the vocal cords and the supraglottic
region. Obviously, successful decannulation may be
delayed if the vocal cords are paralyzed or the ary­
tenoid cartilages are fixed. Unfortunately, accurate
assessment of glottic and supraglottic function may
be impossible in a child with subglottic stenosis and
a tracheotomy. Patients need to be informed of
these conditions preoperatively so that expectations
are realistic. Finally, the physician should insure
that proper education of parents has taken place
and that they demonstrate proficiency in tracheot­
omy care and cardiopulmonary resuscitation.

OPERATIVE MEASURES

There are many successful surgical methods that
may be used to correct laryngotracheal stenosis.
Since each method has inherent advantages and
disadvantages, it is up to the surgeon to determine
which reconstructive procedure would provide the
optimal result for the problem at hand. It is not the
purpose of this paper to discuss the indications for
each method; however, there are standard princi­
ples and techniques that can optimize the postoper­
ative result. The first is prophylactic perioperative
antimicrobial agents." Nearly all of these patients
have an indwelling tracheotomy at the time of the
surgery, and, although this represents a contami­
nated site, surprisingly few serious infections result
from this contamination. It is reasonable, however,
to assume that perioperative antimicrobial agents
reduce the postoperative wound infection rate. In
our series of laryngotracheal reconstructions, we

have experienced no severe postoperative wound in­
fections causing dissolution of the cartilage graft.

Surgical access to the area of upper laryngeal or

tracheal stenosis is generally not a problem. In cer-
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Fig 1. Cross section of cricoid cartilage with anterior and
posterior grafts in place. T configuration of anterior graft
prevents prolapse. Grafts should be lined up evenly with
tracheal edges or slightly outward, so that mucosa healing
over graft will be level.

tain cases, however, a tracheal lesion such as com­

plete tracheal rings or a distal tracheal stenosis re­

quires access to the region of the carina. A ster­

notomy is required, and there may be difficulty
with ventilation when the trachea is open from the
level of the cricoid to the carina. In such cases, we

employ cardiopulmonary bypass in order to main­
tain satisfactory oxygenation. Because a sternotomy
is required for exposure of the defect, there is some

additional morbidity. This allows unparalleled ex­

posure to the entire laryngotracheal tree and avoids
the competition the surgeon frequently encounters
with the anesthesiologist in attempting to maintain
ventilation without compromising surgical access

and visualization. Following the actual reconstruc­
tive procedure and termination of cardiopulmonary
bypass, ventilation may be continued by an en­

dotracheal tube placed intraoperatively; if a long­
term stent is needed, this may be placed in com­

bination with a tracheotomy tube.

As improvement in airway symptoms in children
occurs with only millimeters of change in the
diameter of the trachea and larynx, surgery of the
airway demands commensurate attention to detail.
Mucosal and cartilage edges must be lined up
precisely for optimal results. Care should be taken
to remove any redundant tissue or folded remnants
of cartilage at the tracheotomy site when perform­
ing a laryngotracheal reconstruction. Correspond­
ing attention should be paid to the sites of grafting
or anastomosis so that redundancies or folds of tis­
sue are not present. When cartilage grafting is used,
optimal placement of the graft is positioned slightly
outward as shown in Fig 1.12

The use of stents in laryngotracheal reconstruc­
tion is an important method of maintaining a lumen
while healing occurs. Nevertheless, because it rep­
resents a foreign object, a stent occasionally pro­
vokes an inflammatory reaction in the larynx or tra­
chea. It appears this response is very individualized,

61

and some people are able to accommodate a stent
for a-long period of time. A frequently overlooked
site of irritation for stents is in the glottis. If a laryn­
geal stent is at the level of the vocal cords or in the
supraglottic region at the level of the false vocal
cords, the additional motion caused by the vocal
cords against the stent can be quite irritating. As a

result, one may encounter severe scarring and gran­
ulation tissue in the glottis or supraglottic region
from such stents. It appears that the majority of
these reactions are caused by the true vocal cords or

false vocal cords trying to close over the stent, and if
the stent is placed through both the false and true
vocal cords, closure cannot be achieved and irrita­
tion and inflammation are kept to a minimum. To­
tal glottic obstruction from scarring may result
from a stent placed up to the vocal cords but not

through them. The same phenomenon can result in
a blind pouch in the supraglottic region at the level
of the false vocal cords. Because of these potential
complications, we recommend placement of long­
term stents through both the true and false vocal
cords. The position of the stents should be checked
endoscopically both intraoperatively and postoper­
atively.

POSTOPERATIVE CARE

It does not appear that prolonged use of antimi­
crobial agents for weeks or months while a stent is
in position has any significant benefit in reducing
the occurrence of granulation tissue. The only ad­
vantage of long-term antibiotics from a patient's
perspective is that they frequently will reduce the
occasional annoying odor associated with long-term
stenting. Therefore, postoperative antimicrobial
agents are used as needed when appropriate indica­
tions exist.

Postoperatively, the patients are observed in the
recovery room for the first 12 to 24 hours and then
are transferred to the intensive care unit. During
their recovery room stay, the patients generally are

not allowed to eat or drink. By the first or second
day after surgery, the patients are started on an oral
diet. The amount of dysphagia and aspiration pres­
ent in the immediate postoperative period frequent­
ly Isrelated to whether 'or not a posterior cricoid
split has been done during the procedure and
whether or not any supraglottic reconstruction has
been done that would result in significant supra­
glottic edema. The major determinant of the degree
of dysphagia and aspiration appears to be the pres­
ence or absence of a stent; the individuals with a

stent seem to have more dysphagia postoperatively.
Since at least a mild amount of dysphagia seems to

be a universal problem after laryngotracheal recon­

struction, all patients are initially started on a diet
of foods with the consistency of applesauce or

mashed potatoes. Fluids are given by mouth as tol­
erated. By the third or fourth postoperative day,
most patients are taking oral fluids successfully. Sig-



ally only when a stent has been used; however, the
most frequently involved area is the suprastomal
region. Several endoscopic procedures may be re­

quired prior to attempts at decannulation. The
suprastomal granulations may result from pooled
secretions that can be reduced or eliminated with
the use of a fenestrated tracheotomy tube in pa­
tients under 2 years old following stent removal.
The tubes are fenestrated at the time of bronchos­
copy so that the position of the fenestration can be
checked directly from above. When a fenestrated
tube is used, special tracheotomy care instructions
need to be given to the parents, particularly regard­
ing suctioning. The parents are instructed to pull
the tube out of the neck on a daily basis until the
fenestration is seen in the suprastomal region and
then reinsert the tube. This can be done without
loosening the tracheotomy tapes and helps prevent
crusting in the trachea.

When significant amounts of granulation tissue
are found in the glottic, subglottic, or tracheal
regions, the use of topical steroids is often helpful.
Generally, significant granulation tissue is found
only if a stent has been used. Decadron is given by
aerosal technique in a hospitalized patient or, in a

patient old enough to cooperate, by mouth with a

Vanceril inhaler. The response to these topical med­
ications is frequently dramatic. The major disad­
vantage is the well-known potential for adreno­
cortical suppression, which may require gradual
tapering of the doses at the end of the treatment

period.
Suprastomal collapse in the postoperative laryn­

gotracheal reconstruction patient is less likely to oc­

cur when the stent is wired to the tracheotomy
tube, thereby eliminating the gap between the stent
and the stoma. When this problem is found, how­
ever, it is frequently related to a long tracheotomy
trac"t that is epithelialized .. When the patient is
otherwise ready for decannulation, the tract can be
excised completely and the anterior tracheal wall or

soft tissue closed externally. 13 The patient then is
left overnight in intensive care with a nasotracheal
tube prior to extubation. Occasionally, significant
weakness in the anterior tracheal wall may require
insertion of another cartilage graft in the region.

Laryngeal dilations are used only sparingly as a

treatment for subglottic or tracheal stenosis follow­
ing laryngotracheal reconstruction. In a tight, thick
stenosis, these multiple procedures probably cause

more damage to the region than benefit. A thin
shelf or web occasionally is present below the glottis
and can be dilated effectively with one or two pro­
cedures without causing significant trauma to the
framework of the airway.

Because of the potential for disaster when a pa­
tient is decannulated inappropriately, evaluation of
the entire airway from the nose to the carina is a
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Fig 2. Diagram of position of stent in supraglottic region,
where it prevents false vocal cord closure. Gap between
stent and tracheotomy tube is potential site for granulation
tissue.

nificant dysphagia occasionally will last 7 to 10
days, but not longer.

When the stent is wired to the tracheotomy tube,
there is generally very little problem with the
suprastomal region in regard to granulation tissue
formation or suprastomal collapse. Occasionally in
the preoperative evaluation of patients for laryn­
gotracheal reconstruction, a long area of normal
trachea is found between the laryngeal defect and
the tracheostoma. In this type of patient, a stent

frequently is anchored with a large Prolene suture

through the cricoid region. The result is a gap be­
tween the lower end of the stent and the trache­
otomy (Fig 2). The advantages of this type of stent­

ing are significant, in that the tracheotomy tube can

be removed in an emergency situation and the pa­
tient is safer in the postoperative period. The major
disadvantage, however, is that granulation tissue

may form at the lower end of the stent if the stent is
not removed within a relatively short period of time

(ie, 3 weeks) after implantation. If the stent is left
longer than 4 weeks, there is a significant danger of
circumferential granulation tissue at the lower end
of the stent.

Granulation tissue in the larynx and trachea after
intubation, tracheotomy, or laryngotracheal recon­

struction is frequently a troubling problem and can

affect significantly the ease of decannulation. Gran­
ulation tissue following laryngotracheal reconstruc­
tion is found-around the cartilage graft sites gener-
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necessity. Microscopic laryngoscopy and bronchos­
copy always are done prior to attempts at decan­
nulation. In addition, the airway assessment also
should include an evaluation of true vocal cord mo­

tion. The tracheotomy tube is plugged initially in
an intensive care unit setting with pulse oximeter

monitoring whenever the patient is asleep or in bed
for any reason. If the patient tolerates plugging of
the tracheotomy tube for two nights, then the tube
is removed. The decannulation always is done in an

intensive care unit environment and never is done
on a weekend when unit staffing problems could oc­

cur.
14 Occasionally, despite thorough evaluation of

the patient's airway, the plugging of the tracheos­
tomy tube is tolerated poorly. In some patients,
there is flaccidity of the tracheal wall that can be
exacerbated by hypertrophic tonsils and adenoids,
thus causing airway obstruction. In these situations,
a tonsillectomy and adenoidectomy' may be needed
to facilitate successful decannulation.

DISCUSSION

The 42 patients reviewed required a total of 138
procedures following primary laryngotracheal re­

construction. Included are the endoscopies required
to remove laryngeal stents and endoscopic evalua­
tions for decannulation. Laryngoscopies and bron­
choscopies accounted for 125 of these 138. This
yields an average of three endoscopic procedures
per patient following the primary reconstruction.
Tracheal or laryngeal granulation tissue was the
operative indication for the majority of these en­

doscopies. Removal of stents and evaluation of the
larynx and trachea just prior to decannulation ac­

counted for most of the remaining endoscopies.
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Four of the 42 patients required open revision of
the laryngotracheal reconstruction. Three of the 42

patients needed adenoidectomy, with or without
tonsillectomy, after which decannulation was ac­

complished. One patient developed anterior glottic
webbing, which was treated with an umbrella keel,
and the patient was decannulated successfully.
Three patients required laryngeal dilations; one, re­

pair of a chest wound; and one, scar revision.

Thirty-four of the 42 patients were decannulated
successfully. Three patients still have long-term
stents that were placed at the original operation for
severe laryngotracheal disease. These stents will be
removed in the next few months. The remaining
five patients still are requiring additional endo­
scopic procedures to prepare the airway better for
decannulation. Because of this, the average number
of endoscopic procedures per patient eventually
will be slightly higher than three.

SUMMARY

The purpose of this paper is to focus on the preop­
erative, intraoperative, and postoperative care that
is required for successful laryngotracheal recon­

struction regardless of the primary surgical recon­

structive procedure used. Caution should be exer­

cised not to interpret this study as a report regard­
ing the rate of successful decannulation following
laryngotracheal reconstruction, as the course of
therapy in some of these patients is not yet com­

plete. Rather, study of this group of patients serves

to illustrate that the treatment plan of these diseases
requires intensive, diligent, and at times patient and
prolonged care before success is achieved.
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An analysis of 37 patients with laryngeal carcinoma (T2 or greater) treated with radical radiotherapy, with surgery reserved for

failure, was performed to determine if tumor volume, alone or in association with other prognostic factors, accurately predicted the prob­
ability of local control. Patient records were reviewed retrospectively and the following data extracted: age, sex, laryngeal region and
number of sites involved by tumor, T and N categories, and success or failure of radiotherapy. Tumor volume for each patient was

calculated from pretreatment computed tomograms by summing the products of the cross-sectional tumor area on each CT cut and the in­

terval in millimeters between sequential CT cuts. The mean tumor volume for patients failing radiotherapy was 21.8 em", and the mean

volume for patients primarily controlled by radiotherapy was 8.86 ern". Tumor volume significantly predicted disease-free interval

(p = .045) and outcome with radiotherapy (p = .02). The study suggests that tumor volume is a significant factor in determining the out­

come of primary radiotherapy in advanced laryngeal carcinoma.

KEY WORDS - laryngeal carcinoma, radiotherapy, tumor volume.

INTRODUCTION

It is well established that radiotherapy with sur­

gery held in reserve for failure is efficacious treat­
ment for early laryngeal carcinoma.v ' Further­
more, it is widely held that even extensive tumors
are handled well by this treatment, provided the
vocal cord remains mobile. Controversy, however,
persists over the appropriate management of pa­
tients with a fixed vocal cord or tumor extension
outside the larynx.

Proponents of radiotherapy with surgery held in
reserve for failure contend that the survival of pa­
tients treated in this way for advanced disease is not

significantly different from survival in those treated
with primary surgery, and that there is the added
benefit of sparing the larynx in those patients
treated by irradiation alone.':":" Proponents of
primary radical surgery contend that it affords a

better opportunity for survival and better rehabil­
itation of voice and deglutition than does the sal­
vage of patients who experience radiation failure. 5

There is little doubt that patients who are treated
successfully with radiation alone have a significant­
ly better quality of life than those who undergo
primary laryngectomy; however, the patient who
fails radiation has borne the burden of a prolonged
and apparently unnecessary treatment. In addition,
the patient who fails radiation must face the in-

crease in morbidity inherent in surgery following
radiation therapy.

The ideal approach to treatment of advanced la­
ryngeal cancers would be to determine those patient
and tumor factors that could predict a given pa­
tient's likelihood of primary control with radiation
and subsequently to direct the patient to the most

appropriate therapy.
Recently, a number of authors have published re­

trospective analyses evaluating a variety of prognos­
tic factors for the success of radiation in laryngeal
carcinoma. Important patient features appear to be
sex,2,6 age," and pretreatment hemoglobin." Impor­
tant tumor features appear to be tumor size," nodal
status,":" morphologic grading,IO,l1 ploidy.v"?" and
tumor thickness. 15

Until recently, the only prognostic factor regular­
ly considered was the TNM stage. The T category in

laryngeal carcinoma takes into account anatomic
features (eg, extension to other regions, cord fixa­
tion) that can predict relatively accurately the
likelihood of deep extension and tumor size, and it is
clear that T category in all laryngeal regions has a

relationship with the likelihood of primary control
by irradiation. In spite of this information, T stag­
ing has limitations, and more accurate methods of

measuring the extent of laryngeal tumors would be
useful.

From the Departments of Otolaryngology (Birt) and Radiology (Shulman), Sunnybrook Medical Centre, Toronto, and the Departments of Otolaryngol­
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TABLE 1. DISTRIBUTION OF PATIENTS BY REGION
AND T AND N CATEGORIES

Glottic Tumors Sue.raglottic Tumors
T2 T3 T4 T2 T3 T4

NO 7 6 2 2 3 8
Nl 0 0 0 1 0 5
N2 0 0 0 0 0 1
N3 0 0 0 0 1 1

The purpose of this paper is to determine if the
volume of a given tumor as measured by computed
tomography, either as a single variable or asso­

ciated with other tumor and patient variables, can

predict control by irradiation.

METHODS

The Toronto-Bayview Regional Cancer Centre of
the Ontario Cancer Treatment and Research Foun­
dation is located at the Sunnybrook Medical Centre
in Toronto. The center was established in 1981, and
between its inception and December 1985, 169 new

patients with all stages of laryngeal cancer have
been seen. The treatment for all patients with
laryngeal carcinoma has been radical radiotherapy,
with surgery reserved for radiotherapy failures.

For the purpose of this study, 62 patients were

identified with laryngeal carcinoma graded T2 or

greater. All patients were staged clinically accord­
ing to the VlCC classification (1978)16; radiologic
investigations included either CT scan or laryngeal
tomography. Patients were excluded from the anal­
ysis if the intent of radiotherapy was palliative (two
patients), if the patient failed to complete the in­
tended course of treatment (one patient), or if the
patient had not undergone a pretreatment en­

hanced CT scan (22 patients). After these exclu­
sions, 37 patients remained and provided the mater­
ial for this study.

The patients' charts were reviewed retrospective­
ly, and information retrieved from each chart in­
cluded age, sex, tumor region (supraglottic, glottic,
subglottic), tumor sites (eg, vocal cord, anterior

commissure, epiglottis), radiation treatment (dose,
fractionation, method of delivery), outcome (fail­
ure defined as failure at the primary site after irra­

diation), duration of survival, and surgical treat­
ment. Follow-up was complete on all patients and
ranged from 15 months to 4 years 6 months or to

death (mean, 26.9 months).
Radiotherapy at the center has been relatively

uniform, with some changes introduced in the past
3 years. Twenty patients received 50 Gy in 20 frac­
tions, five patients received 64 Gy in 32 fractions,
three patients received 66 Gy in 33 fractions, and
five patients received 70 Gy in 35 fractions. All
were treated with a 60CO unit. Mean field size was

100 em", with a range of 39 to 200 em? for the
parallel pair fields used to irradiate the primary
tumor. Twenty-two patients had radiation deliv-
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Fig 1. Actuarial local relapse-free rate for 37 patients
studied. The 24- and 36-month relapse-free rates were

61 % and 58%, respectively.

ered by a parallel pair technique, and 15 by parallel
pair and anterior split techniques.

The CT .scans for each patient were evaluated
blindly by one of the authors (H.S.), an experienced
laryngeal radiologist. The tumor on each cut was

outlined with a wax pencil, with the sections being
marked at the bulkiest cut, proceeding in a cepha­
lad and then caudad direction. The tumor areas

from serial CT scans were determined using an

IBAS II interactive image analyzer (Carl Zeiss,
Oberkochen, Federal Republic of Germany). Each
scan was redigitized from the hard copy image (512
x 512 pixel array) and scaled, and the tumor was

reoutlined according to the wax pencil markings.
The area was determined by algorithms within the
IBAS array processor. Two area measurements
were made for each cut, and the mean was deter­
mined to be the cross-sectional area of the tumor.

Tumor volume was calculated as the sum of the
volumes of the cuts in which tumor was identified.
The volume of each cut was the measured tumor
area times the section thickness. The following
assumptions were made in making the volume cal­
culations: 1) that cross-sectional area of the tumor
was constant throughout the vertical height of the
section and 2) that the thickness of each section was

equal to the distance in millimeters from the cut be­
ing evaluated to the next caudad cut.

Statistical analyses included actuarial analysis of
local relapse-free rate and survival rate. The role of
sex, age, T and N categories, laryngeal region,
number of sites, and volume in predicting relapse­
free status was assessed using Cox's and logistic
regression analyses with backward stepwise elimi­
nation of the prognostic factors.

RESULTS

Patient and Site Data. In the group of 37 patients
selected for this study, 33 were men and four were

women, a ratio of 8.2:1. The ages of patients
ranged from 37 to 82 years, with a mean of 63
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Fig 2. Actuarial survival for 37 patients studied. The 24-
and 36-month survival rates were 68 % and 61 %, respec­
tively.

years. Fifteen patients had tumors staged as glottic,
and all were clinically NO. Twenty-two patients
had tumors staged as supraglottic, with nine of
these patients having clinically evident neck disease
at presentation (Table 1).

Radiation and Survival Data. The overall ac­

tuarial local relapse-free rate for the patients
studied appears in Fig 1, with 58 % of the patients
relapse free and maintaining an intact and func­

tioning larynx at 36 months. The actuarial survival
is illustrated in Fig 2, with a 36-month survival of
61%.

Volume Data. The crude results of the volume
determinations are illustrated in Fig 3, which is a

linear distribution of the volumes for patients con­

trolled primarily by irradiation and for those who
failed radiation. The mean volume for patients who
failed radiation was 21.8 ern", with a median of
10.8 cm

' and standard deviation of 25.9 ern", For

patients who were cured by radiotherapy, the mean

volume was 8.86 crrr', with a median of 6.81 cm
'

and standard deviation of 8.0 em".

Volumes for individual patients were evaluated
in relation to their clinical T category, and it is clear
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Fig 4. Frequency histogram of volume ern" by T stage.

that in general, T category correlated with tumor
volume except in a few instances. Several small
tumors were staged as T4, and one large tumor was

staged as T2 (Fig 4).
A Cox's regression analysis using a backward

elimination of the prognostic variables sex, age, T
and N categories, laryngeal region (supraglottic or

glottic), number of sites (eg, vocal cord, anterior

commissure), and volume resulted in a final model
(x2 = 4.61, p = .03), with tumor volume emerging as

the strongest prognostic factor. Disease-free time

(survival without recurrence) was used as the de­
pendent variable, and outcome (success or failure)
was used as the censoring variable. Table 2 illus­
trates the ranking of the variables in the initial step
of the analysis, based on the hypothesis that all sev­

en variables are predictive of . disease-free time (p
values are indicative of ranking, but not signifi­
cance). Analysis incorporating all seven variables
did not achieve a level of significance.

A logistic regression using the backward elimina­
tion procedure on the prognostic variables predict­
ing relapses (previously outlined) also yielded a

significant model (x2 = 4.97, p = .03) containing on­

ly tumor volume as a prognostic factor.

A plot of the predicted probability of radiation
failure versus tumor volume with 95 % confidence
limits was produced from the output of the logistic
regression model containing tumor volume (Fig 5).
A near-linear relationship exists between volume
and probability of failure between 3.0 and 30 em".

TABLE 2. RANKING OF PROGNOSTIC VARIABLES
IN ORDER OF SIGNIFICANCE

Prognostic Factor Probability Value

Volume
N category
Sex

Age
Laryngeal region
Number of sites
T category

.0018

.0213

.0436

.1714

.1848

.5188

.9207
Cox's regression analysis, general hazards procedure. Probability values
do not indicate statistical significance.
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Special note needs to be made of the wide con­

fidence limits for volumes greater than 20 cm '. The
wide confidence limits are probably due to the
small number of observations and the considerable

overlap in the tumor volumes for the two outcome

groups (Fig 3) .

DISCUSSION

Ideally, patients with laryngeal carcinoma would
be treated by a protocol that optimized their chance
of maintenance of voice, yet selected those patients
with a high probability of radiation failure for pri­
mary surgical therapy. Such �n approach would re­

duce the morbidity of an inevitable surgical proce­
dure and might increase the chance of survival. In
order to attain this goal, prognostic factors that can

predict a given patient's likelihood of radiation
failure need to be established. The literature to date
has identified a number of patient and tumor varia­
bles other than TNM stage that seem predictive,
and these were discussed earlier. Overgaard et al"
have demonstrated that tumor size is a significant
predictor of a given patient's potential for cure by
radiation therapy. This finding is not surprising, as

it has been demonstrated for many tumor sites, is

part of the current staging systems for upper aerodi­

gestive tract malignancies, and is consistent with es­

tablished radiobiologic principles.
The larynx poses a problem for the clinical evalu­

ation of tumor size or volume, as it is not directly
accessible, and measurements made during endos­

copy are difficult because of the intricate and undu­

lating anatomy of the larynx.
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As a staging tool for laryngeal carcinoma, CT has
been shown to predict accurately the size and site of
tumors, and it is a valuable tool in the assessment of

cartilage invasion.V'"? Laryngeal disease is. recog­
nized on CT images as a distortion of the normal

anatomy. This distortion may take the form of an

abnormal contour, an increase in soft tissue mass,
and/or an alteration in tissue density. Detection of
the margin between tumor and normal tissue is fa­
cilitated by the distribution of laryngeal fat, which
may be displaced or distorted by tumor growth.

In this study, we have described a method of es­

timating tumor volume from the pretreatment CT
scans of patients with advanced laryngeal carci­
noma. The tumor volumes, both alone and in com­

bination with other patient and tumor variables,
have been correlated with the patients' responses to

radiotherapy. Tumor volume was shown to be a sig­
nificant prognostic factor in predicting the outcome
of radiation therapy, and was of greater signifi­
cance than age, sex, T and N categories, tumor re­

gion, or the number of laryngeal sites involved.

Several comments need to be made regarding the
interpretation of these data. First, the interpreta­
tion of the size of a tumor on a CT scan involves
subjective evaluation, and it requires a radiologist
with a great deal of experience in the interpretation
of laryngeal radiographs. In addition, there is likely
to be a certain amount of interobserver variability,
and in this paper we have not evaluated how great
this variability may be.

Second, this review was retrospective and the
number of patients was small, making interpreta­
tion of the statistical analysis difficult and subject to

uncertainty.
This investigation was intended as a pilot study to

ascertain the value of CT scan-derived tumor vol­
umes as a predictive factor for tumor control by ir­
radiation. The results suggest that tumor volume
may be an important factor, and a prospective
study with a larger number of patients is under con­

sideration.

Finally, it is evident that any approach to the se­

lection of patients for different treatment modal­
ities will require the consideration of multiple pa­
tient and tumor prognostic factors, each with a

varying influence on outcome. It is apparent that
tumor volume is a significant predictor of a given
patient's likelihood of response to radiotherapy, and
it likely will be incorporated into a predictive
model.
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CRICOTHYROIDOTOMY: A DECADE OF EXPERIENCE IN DENVER

BARBARA A. ESSES, MD

DENVER, COLORADO

BRUCE W. JAFEK, MD

In an attempt to evaluate cricothyroidotomy as described by Brantigan and Grow in 1976, the authors have reviewed the literature
and compared it to the decade of experience following Brantigan and Grow's report. The records of over 1,000 patients requiring ven­

tilatory assistance were reviewed. A comparison of this experience with Brantigan and Grow's original series and subsequent reports was

used to establish the criteria and technique for cricothyroidotomy. It appears that while cricothyroidotomy has specific advantages, it also
has disadvantages and a higher incidence of airway stenosis than either of the procedures it was designed to replace (low tracheotomy or

endotracheal intubation). For this reason, its use has been severely restricted in Colorado, where it was popularized.
KEY WORDS - airway obstruction, laryngeal cartilages, larynx, tracheotomy.

INTRODUCTION

Since the favorable report of Brantigan and
Growl on cricothyroidotomy in 1976, controversy
over the role of this procedure has pervaded the lit­
erature. Numerous articles have appeared in sup­
port and equally numerous ones in condemnation of
the technique. In an attempt to resolve the question
"cricothyroidotomy: if, when, and how," we have
reviewed the literature and compared it to the dec­
ade of experience following Brantigan and Grow's
report.

We then turned our attention to what is being
done in Denver, where Brantigan popularized the
technique. We reviewed the records of over 1,000
patients requiring airway management and com­

pared them with Brantigan and Grow's original
series and subsequent reports in order to establish
the criteria and technique for cricothyroidotomy.

LITERATURE REVIEW

The practice of performing cricothyroidotomy
has become a subject of great controversy. The mat­
ter apparently had been laid to rest by Chevalier
Jackson's landmark paper on high tracheotomies in
1921.2 A high tracheotomy is defined as a tra­

cheotomy through the larynx or first tracheal ring.
Currently, the most commonly performed high tra­

cheotomy is the cricothyroidotomy, ie, opening the
airway at the cricothyroid membrane. Identifica­
tion of landmarks is essential for proper placement
of the cricothyroidotomy. One should first palpate
the thyroid notch - the midline prominence of the
thyroid cartilage. Approximately 2 to 3 em inferior
to this, the cricothyroid membrane is palpable as a

space between the thyroid and cricoid cartilages.
On the average, this membrane is 10 mm in height.
It should be noted that the vocal folds lie 1.5 to 2 em

above the cricothyroid membrane (Fig lA). Most
_ authors advocate a transverse skin incision over the

cricothyroid membrane, while others claim a ver­

tical incision gives better exposure and less bleed­
ing. In nonemergency situations, a transverse inci­
sion is preferred for a more cosmetically pleasing re­

sult. Once the cricothyroid membrane is reached, a

horizontal incision is made in the membrane itself,
maintaining a caudal direction on the blade to pro­
tect the vocal cords (Fig lB). At this point, the tra­
cheal spreaders or a hook can be used to open the
airway. The tracheotomy tube is inserted; its out­
side diameter should be no greater than 10 mm to
avoid excessive laryngeal trauma (Fig 1 C). The tube
is secured with sutures or ties.

In his paper, Jackson described 200 patients,
many of them children, referred to him for chronic
laryngeal stenosis. Of these 200, he felt that 158
cases were due to the practice of high tracheotomies -

and improper tracheostomy care. Jackson reasoned
that the incidence of stenosis was high in the high
tracheotomies because of several factors:

1. The larynx is the natrowest portion of the laryn­
gotracheal airway.

2. Subglottic tissues in children are intolerant of
contact.

3. Division of the cricothyroid membrane and cri­
coid cartilage results in loss of the only complete
ringlike support of the airway.

He concluded that "there should be taught only
one tracheotomy and that should be 'low' ."2,(p397)
He also stated that if high tracheotomy has been
performed, it should be converted rapidly to the
standard low tracheotomy.

In 1976, Brantigan and Growl questioned what
had by that time become professional dogma. In a

landmark paper of their own, they reviewed 655
cases of cricothyroidotomy and discovered a com­

plication rate of 6.1 % (40 patients). These compli­
cations included bleeding (intraoperative, immedi-

From the Department of Otolaryngology/Head and Neck Surgery, University of Colorado School of Medicine, Denver.

Presented at the meeting of the American Laryngological Association, Denver, April 25-26, 1987,

REPRINTS - Bruce W, Jafek, MD, Dept of Otolaryngology/Head and Neck Surgery, University of Colorado School of Medicine, 4200 E Ninth Ave, Box
B210, Denver, CO 80262.

69



70 Esses & Jajek, Cricothyroidotomy
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Fig 1. Schematic drawings of larynx. A) Sagittal section of larynx and trachea. Note distance between vocal fold (V) and crico­

thyroid membrane (C). B) Placement of incision on cricothyroid membrane. Note that incision is horizontally placed. C) Cricothy­
roidotomy tube placement.

ately postoperative, and delayed), abscess, cellulit­
is, subcutaneous emphysema, voice changes, globus
sensation, persistent stoma, and laryngeal obstruc­
tion. Eight patients suffered from airway obstruc­
tion in their series. Five of these required tracheal
resection; two patients had subglottic granulation
tissue that had to be removed endoscopically. Bran­

tigan and Grow reported no cases of chronic sub­
glottic stenosis in their initial report. They con­

cluded that the cricothyroidotomy was not signifi­
cantly associated with subglottic stenosis and that it
held such advantages as being faster, being per­
formable by nonsurgeons, having a low complica­
tion rate, and being isolated from the median ster­

notomy. These findings, which differed from Jack­
son's, were felt to be attributable to the fact that the
tracheotomies were no longer being performed rou­

tinely for acute infectious and inflammatory con­

ditions as in Jackson's time, but rather for respira­
tory failure, control of secretions, and mechanical
ventilation.

Over the past decade, the literature has seen a re­

newed interest in cricothyroidotomy. Several clini­
cal studies have supported the findings of Brantigan
and Grow. Boyd et al" studied 147 patients under­
going cricothyroidotomies. Of their original 147 pa­
tients, there were 105 long-term survivors, ten of
whom developed complications. These included
stomal bleeding, hoarseness, and improper tube
placement. There were two cases of subglottic and
glottic stenosis in patients who were intubated en­

dotracheally more than 7 days prior to cricothyroid­
otomy. Boyd et al concluded that patients who have
had endotracheal tubes in place for more than 7
days should not undergo cricothyroidotomy.

Sise et a14 carried out a prospective study on 76
patients undergoing cricothyroidotomy. Five of
their patients developed subglottic stenosis. There
was ene death due to loss of airway during the pro-

cedure, and one case of subglottic granulation tis

sue, which was treated successfully with oral ster­
oids. Of the 39 patients who died, all underwent
autopsies; 28 % were found to have pathologic
changes, ulceration, or hematoma at the cuff site.
Sise et al found no significant difference in morbidi­

ty or mortality with prolonged prior intubation or

steroid or antibiotic usage. They advocated the use

of cricothyroidotomy except in children or adoles­
cents, in whom rapid conversion to tracheotomy is
advised. They noted, however, that "subglottic
stenosis is the most frequently reported major com­

plication after cricothyroidotomy, but is rare after
tracheostomy. "4(p17)

Smaller clinical series, such as those reported by
Griesz and coworkers," McfIowell," and O'Connor
et al," also found similar favorable results with
respect to subglottic stenosis. Griesz et al" provided
additional information with autopsy studies: in 20

patients, 11 displayed pathologic changes. They
observed superficial ulcerations of the trachea,
ulcers on the false and true vocal cords, and erosion
of laryngeal cartilages. Mcfrowell's" series of 43 pa­
tients reported no cases of subglottic stenosis, but
there was one death attributable to a plugged
cricothyroidotomy tube. The series of O'Connor et
al' of 49 patients included three patients who
developed tracheal stenosis, two of whom required
tracheal resection. They noted, however, that these
lesions all were found at the level of the original en­

dotracheal balloon.

Morain," reviewing a series of 16 cases, described
additional advantages of cricothyroidotomy, in­

cluding isolation of the airway entrance (cricothy­
roidotomy) from the operative site (radical neck dis­
section), improved cosmesis of the resultant scar,
enhanced safety with suspected cervical spine in­

jury, and. ease in patients with cervical kyphosis. He
noted no examples of subglottic stenosis and con-
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eluded, "we see a diminishing role for the 'standard' of the fundamental vocal range and a distribution

tracheostomy."8(p428) favoring the lower frequencies. These changes were

probably secondary to damage to either the car-
In 1982, Brantigan and Crow" reviewed several tilages or the cricothyroid muscle, as postulated by

cases of subglottic stenosis found in their series and Kennedy'? and Caparosa and Zavatsky. 13

others. They identified three predisposing factors in
this group: 1) prolonged endotracheal intubation,
2) paralyzed vocal cords, and 3) laryngeal trauma.
Those patients suffering from subglottic granula­
tion tissue were found to have the same predispos­
ing factors, although in two cases reviewed there
were no apparent predisposing factors. It was felt
that ulcerations caused by endotracheal tubes on

the vocal cords and subglottic area, as demon­
strated by others, constituted contaminated wounds
due to colonization of the tubes. They recom­

mended laryngoscopic examinations prior to crico­

thyroidotomy in chronically intubated patients.

There have likewise been reports in the past dec­
ade that do not view cricothyroidotomy in the same

favorable light. Kennedy'? reported two cases, one

of true vocal cord fixation and one of total glottic
and subglottic stenosis, both following cricothy­
roidotomy. He reasoned that since the average
width of the cricothyroid membrane is 9 mm and
the outside diameter of most Shiley tubes is 10 mm,
this could lead to necrosis secondary to pressure and
thus scarring. Kennedy has cautioned against a pro­
cedure that causes damage to the larynx and risks
such a devastating, although infrequent, complica­
tion as subglottic stenosis.

In a report by Weymuller and Cummings," four
cases of 19 were found to have subglottic granula­
tion. These cases all were handled with endoscopic
removal of the granulation tissue and steroid injec­
tions. All cases occurred in patients who previously
had been endotracheally intubated 7 days or long­
er. The study was, in fact, discontinued because of
the alarmingly high rate of airway obstruction
secondary 'to subglottic granulation. Weymuller
and Cummings concluded in accordance with the
previous findings of Boyd,

The presence of an endotracheal tube must be consid­
ered a source of acute laryngeal inflammation and mucosal
ulceration, and therefore a predisposing factor to compli­
cations from cricothyroidotomy.v'v+"?
Gleeson 12 investigated one complication of crico­

thyroidotomy that had been somewhat minimized
- voice changes. Of eight patients studied, six had
subjective voice changes. These changes included
loss of volume, deeper pitch, and extreme huskiness
in one woman. Three patients were amateur singers
who were unable to perform because of limited
vocal ranges and a tendency to fall off key, especial­
lyon high notes. These subjective complaints were

confirmed with objective data. Three patients were

found, on indirect laryngoscopy, to have distortion
secondary to scarring at the anterior commissure.
All of the patients describing a voice change had ab­
normal laryngographs with pathologic narrowing

Since the original paper of Brantigan and Growl
involved primarily nonemergency cricothyroidot­
omies, we were interested to see the results of
McGill et aP4 on 38 emergency cricothyroidot­
omies. They demonstrated a complication rate of
32 %, greater than five times the complication rate

originally reported by Brantigan and Grow. These
complications included tubes in the thyrohyoid
membrane and trachea, execution time greater
than 3 minutes, unsuccessful placements, and
hemorrhage. Their series also included one long­
term complication of a longitudinal fracture of the

thyroid cartilage secondary to forceful placement of
an oversized tube. This led to a permanent dyspho­
nia in this patient. McGill et al recommended in
their summary that a vertical incision -be used for
adequate visualization of the anatomy, and that a

No.4 Shiley catheter with an 8.S-mm external di­
ameter be used in emergency care.

Finally, animal studies have been performed to

demonstrate the pathologic effects, if any, of crico­

thyroidotomy. Romita et al" studied 32 dogs di­
vided into four groups and compared healing with
duration of intubation (0 to 7 days), incision of the
anterior cricoid cartilage, and excision of a l-cm

segment of anterior cricoid cartilage. In the group
with anterior cricoid cartilage excision, there was

excessive scarring at the subglottic level. All other

groups had complete healing at 6 weeks without
stenosis. Koopman et al'" studied the effects of trau­

ma to laryngeal mucosa (scraping) and the effect of
antibiotics. They found no significant differences in

dogs treated with antibiotics or in dogs with laryn­
geal trauma.

In light of the controversy, one must compare cri­

cothyroidotomies with other methods of controlling
the airway, namely, tracheotomy and endotracheal
intubation. We are fortunate to have at our disposal
a study from the Denver area that facilitates com­

parison. Stauffer et aP7 performed a prospective
study of the complications of endotracheal intuba­
tion and tracheotomy. They discovered an alarm­
ingly high rate of complications of 62 % with endo­
tracheal intubation and 66 % with tracheotomy.
The most common complications are listed in Table
1.

In the survivors, tomograms of the larynx and
trachea were obtained to evaluate tracheal stenosis.

They defined stenosis as "a reduction in the trans­
verse air column diameter of the trachea greater
than 10 % in a distinct short segment of the tra­
chea."17(p70) They found these conditions in five of
27 patients (19 %) who were endotracheally intu-
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T'ABLE 1. COMPLICATIONS OF TRACHEOTOMY TABLE 3. MORTALITY FOLLOWING ELECTIVE VERSUS

AND ENDOTRACHEAL INTUBATION EMERGENCY CRICOTHYROIDOTOMY BY HOSPITAL

Tracheotomy
(% oj Pts)

Endotracheal
Intubation
(% oj Pts)

Excessive cuff pressure
Self-extubation

Inability to seal airway
Stomal infection
Stomal bleeding
Subcutaneous emphysema or

pneumomediastinum
From Stauffer et al."

19
13

19

23

36

36

13

bated. Two of these five had subglottic stenosis. Of
the patients with tracheotomies, 11 of 17 (65 % ) met
this criterion. It should be noted that cricothy­
roidotomies were considered tracheotomies in their
study. Of the 17 tracheotomies, two were cricothy­
roidotomies, and both of these resulted in stenosis,
one subglottic. Therefore, the stenosis rate with
cricothyroidotomy was 100%, compared to 19% of
those endotracheally intubated and 60% (nine of
15) of those with tracheotomies. In the discussion
that followed, it was noted that those patients with
tracheotomies were intubated for a much longer
period of time than those with endotracheal tubes.

MATERIALS AND METHODS

We reviewed the hospital records of 1,069 pa­
tients, who were classified under the International
Classification of Disease as having undergone either
permanent or temporary procedures for airway ac­

cess during the period January 1976 through De­
cember 1985. Forty-three of these patients were ex­

cluded from the study because they had procedures
other than tracheotomy or cricothyroidotomy per­
formed (eg, transtracheal aspiration, tracheal resec­

tion, endotracheal intubation). This left a total of
1,026 patient records reviewed in the st.udy. Th.erecords studied were drawn from University HOSPI­
tal, located at the University of Colorado Health
Sciences Center (tertiary care/referral center), Den­
ver General Hospital (city hospital/major trauma

center), and the Denver Veterans Administration
Hospital (tertiary care center). The number of pro­
cedures, type and nature of procedure, and patient
data are presented in Tables 2 and 3, which are

divided according to hospitals because of the diver­
sity of the patient populations and its effect on the
statistics.

TABLE 2. PATIENT DATA BY HOSPITAL

Denver

University Denver VA General
Hospita Hospital Hospital

No. procedures" 550 190 286

Cricothyroidotomy
23 (4) 7 (4) 48 (17)No. (%)

Average age (yr) 50.4 66.6 46.0

Age range (yr) 7 to 80 45 to 79 12 to 90

Male: female 3:1 All male 2.5:1

"Tracheotomy or cricothyroidotomy.

Mortality
Elective

University Hospital
Denver VA Hospital
Denver General Hospital

Emergency
University Hospital
Denver VA Hospital (none performed)
Denver General Hospital

8 of 10 (80%)
5 of 7 (71 %)
7 of 16 (44%)

4 of 13 (31 %)

8 of 32 (25%)

RESULTS
, Of a total 1,026 procedures performed, only 78

were cricothyroidotomies - or 7.6% of all proce­
dures. The remaining cases were all various forms
of tracheotomies (inferior flap, open window, etc).
Of the 78 cricothyroidotomies, there were 32
deaths, for a mortality rate of 41 %. The reported
complications that were felt to be attributable to
the cricothyroidotomy are listed in Table 4. There
were 22 complications in 78 procedures, leading to
a complication rate of 28 %. Most notable are two
cases of subglottic stenosis. This gives an incidence
of 2.6% of subglottic stenosis in our series.

The reasons that cricothyroidotomy was per­
formed are presented in Table 5. These included 15
cases in which cricothyroidotomy was performed as

an alternate procedure when tracheotomy and en­

dotracheal intubation were deemed inappropriate
(eg, anatomic variations, inability to intubate in the
operating room).

Three cases of subglottic stenosis following crico­

thyroidotomy are presented in detail. These �a­
tients are presented to illustrate the devastatmg
long-term effects of this complication. Although the
third patient also suffered subglottic stenosis sec­

ondary to cricothyroidotomy, the cricothyroidoto­
my was performed at another institution and the
patient received treatment for stenosis at University
Hospital. Therefore, this case is considered among
those that received tracheotomies in the data pre­
sented, since that was the procedure performed in
our institution.

Complications

TABLE 4. COMPLICATIONS OF CRICOTHYROIDOTOMY

Number

Subglottic stenosis
Vocal cord paralysis or paresis
Pneumothorax
Granulation at cuff site
Self-extubation
Infected stoma

Hoarseness

Plugging of tube
Persistent stoma

Difficulty ventilating
Pneumomediastinum
Subcutaneous emphysema
Bleeding
Total

2
3
4
1
2
1
1
2
1
2
1
1
1

22
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TABLE 5. REASONS FOR CRICOTHYROIDOTOMY (N = 78)
No. Patients

Alternative to tracheotomy
Alternative to endotracheal intubation
Elective airway management
Emergency airway management

8
7

25
38

Case 1. A 43-year-old woman was admitted in

hepatic coma with a pneumococcal pneumonia.
This patient underwent a bedside cricothyroid­
otomy with a No. 11 Portex tube after 5 days of en­

dotracheal intubation. The patient was extubated 7

days later following improvement of her respiratory
status, but had a persistent laryngocutaneous stoma

and hoarseness. The patient had a direct laryngo­
scopic examination at 27 days postextubation,
which revealed left true vocal cord paresis and ante­
rior subglottic granulation tissue. Subsequent air la­
ryngograms revealed approximately 3 em of sub­
glottic stenosis with circumferential narrowing of
the airway, the right side being affected more than
the left. The patient has since undergone repeated
dilatations, steroid injections, insertion of a Mont­

gomery" Safe-T-Tube, and, ultimately, laryngofis­
sure with hyoid interposition. The patient was extu­

bated following the hyoid interposition, but has
now developed an esophageal stricture, which still

requires dilatation every 6 weeks.

Case 2. A 35-year-old man suffered multiple stab
wounds to the abdomen and chest with laceration
of the aorta and right adrenal artery. The patient
underwent exploratory laparotomy and thoracot­

omy, from which he recovered fully except for the
complication of a left subclavian vein thrombosis.
The patient was given heparin for anticoagulation
and was discharged on a regimen of Coumadin.·
Two months' after discharge, he presented to the
emergency room with bleeding from multiple sites

secondary to Coumadin overdose. On the day of ad­
mission, the patient developed upper airway ob­
struction secondary to hematoma formation in the

oropharynx and nasopharynx. A cricothyroidotomy

was performed in the operating room using local
anesthesia and placement of a No. '7 Portex tube.
The patient tolerated the procedure well and was

extubated on the sixth postoperative day. Over the
next 3 months, the patient experienced hoarseness
and increasing shortness of breath. He was ad­
mitted 3 months after the cricothyroidotomy in re­

spiratory distress. Laryngoscopy revealed a para­
lyzed left vocal cord and a subglottic stenosis on the
left with approximately 30 % airway narrowing.
The patient underwent tracheotomy and multiple
dilatations and steroid injections. When last seen at
our facilities 2 years later, the patient was still in­
tubated.

Case 3. A 32-year-old woman was involved in a

motor vehicle accident in which she sustained mul­
tiple injuries. She presented to another facility at
the time of the accident and underwent emergency
cricothyroidotomy for airway control. The details
regarding length of intubation, tube size, etc, are

not available. She presented to our institution 5
months after the accident complaining of hoarse­
ness and difficulty breathing. Examination at that
time revealed an anterior web that compromised
approximately the anterior half of the glottic chink.
She has since undergone tracheotomy, laser excision
of the anterior glottic web, and laryngofissure with
stent placement (Fig 2). The patient is presently ex­

tubated and has continued hoarseness and recurrent
anterior laryngeal webbing.

DISCUSSION

Since Brantigan and Growl reported their large
series of cricothyroidotomies in 1976, it has not

become a routine procedure for elective airway
management in the Denver area. This is evidenced
by the fact that only 7.6 % of all airway procedures
were cricothyroidotomies at our multicenter institu­
tion. Nor is cricothyroidotomy a benign procedure.
A 28 % complication rate was observed at our

facilities in comparison to Brantigan and Grow's
6.1 % . We also experienced a 2.6 % incidence of

Fig 2. (Case 3) Subglottic stenosis.

A) Operative approach. Note ex­

tensive damage to anterior cricoid
plate and cricothyroid membrane.
B) Schematic drawing.
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subglottic stenosis: in practical terms, at this rate,
almost three patients out of every 100 will suffer
chronic airway obstruction and/or a voice disorder
following cricothyroidotomy.

An interesting finding is that the mortality rate is

higher in elective cases (Table 3). This fact suggests
that when cricothyroidotomy is performed for elec­
tive airway management, it is used on seriously or

terminally ill patients for palliation, rather than

long-term therapy.
Based upon our clinical series and literature

review, cricothyroidotomy may be applicable in the

following situations:

1. In emergency situations (rapid conversion to

standard tracheotomy is still advised if there is

prolonged need for airway control)

2. For palliation therapy (ie, respiratory hygiene in

terminally ill patients)
3. In the presence of anatomic variations that pro­

hibit tracheotomy (these cases are actually very
rare) .

Cricothyroidotomy is not recommended in the
following situations:

1. For pediatric patients
2. When an endotracheal tube has been in place

more than 7 days
3. In the presence of laryngeal inflammation or in­

fection.

Unless more convincing evidence is presented,
the prudent surgeon should exercise very strict

guidelines for performing cricothyroidotomy and
altering the laryngeal structure.
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Magnification for endolaryngeal visualization, biopsy, and removal of benign lesions and carcinoma in situ is achieved using a tele­
scope inserted in stripping type forceps. The combined telescope and forceps are passed easily through any standard laryngoscope with a

holder. Excellent visualization is achieved through the telescope, which can be provided with 0°, 30°, or 70° optics. In most circum­
stances, these instruments obviate the use of the operating microscope, being simpler and just as exact. The field of vision, however, is
smaller. The instruments are also ideal for cervical tracheoscopy and mediastinoscopy.

KEY WORDS - laryngoscopy, telescopic endolaryngeal surgery.

Magnified visualization of the larynx can be
achieved by the use of a microscope or either a rigid
or flexible telescope. These instruments are further
adaptable to endolaryngeal surgery, except that the
flexible telescope has had very limited application
to the larynx. Kleinsasser! has designed rigid tele­

scopes for use via his laryngoscope, mainly for visu­
alization and photography. Endolaryngeal surgery
would then require a separate set of instruments.

Combination of telescopes within forceps (Fig­
ure) simplifies the surgery and is not new. Years ago
such instruments were designed for lung biopsy pur­
poses. Later on, this concept of combining tele­
scopes and forceps was used in nasopharyngeal bi­
opsy forceps (Lore-Storz), 2 nasal endoscopic surgi­
cal instruments (Messerklinger-Storz) ,3 and urologic
and other instruments.

Using the combination principle, endolaryngeal
telescopes with forceps were designed with the co­

operation of Karl Storz Endoscopy-America Inc,
(Culver City, Calif) for use with almost any standard
type of laryngoscope. A wide lumen laryngoscope
and the operating microscope are not necessary.
These instruments were first manufactured with 0°
and 70° telescopes and, later on, a 30° angle optical
system. The forceps are a modification of the right
and left Lore stripping instruments" designed pri­
marily for deepithelialization of the surface or free
edge of a vocal cord. 5 The original forceps were

based on the Imperatori subglottic forceps. The for­
ceps currently used through the telescope are uni­
versal - right or left - with both blades hinged.
The original nontelescopic instruments had one

blade hinged and the other blade fixed for one vocal
cord, and vice versa for the other vocal cord. The
fixed blade was placed on the medial side of the vo­

cal cord to be stripped. Another modification is the
use of adult and child sizes, in which the angulated
blade is longer for the adult and shorter for the
child. All these original forceps could be used via a

laryngoscope, with or without the use of the micro­

scope. The problems in using the microscope in­
volve the usual necessity of a larger lumen laryngo­
scope with imminent danger to dentition and the
adjustment and alignment of the microscope. The
telescopic .laryngeal instruments, although requir­
ing a laryngoscope, use virtually any standard la­

ryngoscope with a Lewy or similar laryngoscopic
holder.

The current combination of telescope with for­

ceps eliminates the microscope and affords precise
visualization during the surgical procedure, whether
it be for biopsy purposes, stripping a vocal cord, or

removal of a benign lesion or carcinoma in situ.

TECHNIQUE
The telescope alone is used for visualization and

is then removed and inserted into the channel in the
forceps for definitive surgery. This permits careful
scrutiny of not only the usual presenting surface of
the larynx, but also the walls of the ventricle and in­

fraglottic and subglottic space by using the 30° and
70° telescope. For the surgical procedure, either the
0° or the 30° telescope is ideal. The exact extent and
depth of the excision are clearly visualized. The 70°

telescope requires some practice to become oriented
to the visual field, whereas the 0° and 30° tele­
scopes are oriented readily. Care must be taken not
to grasp the contralateral vocal cord, since both
blades are hinged.

In addition, these instruments are excellent for
cervical tracheoscopy, whether it be for visualiza­
tion or biopsy purposes. In the adult, tracheoscopy
is primarily for neoplastic or cicatricial lesions,
whereas in the child it is primarily for evaluation of
cicatricial or congenital lesions.

These instruments are also extremely useful in me­

diastinoscopy. Magnification is simple through the
telescope alone, affording excellent delineation be-

From the Department of Otolaryngology, State University of New York at Buffalo.
Presented at the meeting of the American Laryngological Association, Denver, April 25-26, 1987.
REPRINTS - John M. Lore, Jr, MD, Dept of Otolaryngology, SUNY at Buffalo, 2121 Main St, Buffalo, NY 14214.
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tween lymph nodes and vessels. The telescope then
is inserted in the forceps and used under the magni­
fied vision.

SUMMARY

Telescopic endolaryngeal instruments with 0°,

Thirty-degree telescope and strip­
ping forceps. A) Separated. B) Tele­
scope inserted in stripping forceps.
Blades of stripping forceps are both

, hinged and depicted in open posi­
tion. (From Lore JM Jr. An Atlas
of Head and Neck Surgery, 3rd ed.
Philadelphia: WB Saunders, 1987.
Reprinted with permission.)

30°, and 70° optics and stripping forceps are de­
scribed. These instruments provide magnification
for visualization and, with the forceps, are used for
biopsy and definitive surgical procedures. They also
are used for cervical tracheoscopy and for mediasti­
noscopy. Other types of forceps could be manufac­
tured for other purposes.
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UNUSUAL PHARYNGEAL LESION CAUSING DYSPHAGIA

KATHRYN K. OBANA, MD

STANFORD, CALIFORNIA

WILLARD E. FEE, JR, MD

A 58-year-old man was evaluated for a 42-year complaint of a pharyngeal foreign body sensation whenever he ate. Examination
revealed normal anatomy at rest but diffuse hypopharyngeal distension with Valsalva's maneuver. His past history was remarkable for an

infectious illness, possibly diphtheria. We speculate that this unusual case most likely represents a postdiphtheritic selective pharyngeal
paralysis and present his case, radiographic findings, and a discussion of the differential diagnosis.

KEY WORDS - diphtheria, dysphagia.

INTRODUCTION

The differential diagnosis of dysphagia is long
and varied and includes benign and malignant tu­

mors, diverticula, mural lesions, infections, webs,
spasm, extrinsic compression on the pharynx or

esophagus, metabolic causes, foreign bodies, tra­

cheoesophageal fistula, neurologic disorders, myo­
pathic disorders, and psychologic disorders. Un­
common causes of dysphagia include several of the
rare degenerative neurologic and myopathic syn­
dromes, pharyngocele, and the infectious diseases
rabies, tetanus, poliomyelitis, and diphtheria. We

present a patient with dysphagia due to an unusual
cause and discuss the differential diagnosis of un­

common causes of dysphagia.

CASE REPORT

In July 1983, we were asked to see a 58-year-old
man in the emergency room for a suspected esoph­
ageal foreign body. By the time we arrived, the
foreign body sensation had passed. He had been
scheduled for a Zenker's diverticulectomy at anoth­
er institution, but had cancelled the appointment.

The patient had had chronic difficulty in swal­
lowing since 1941, 'following an infectious illness
that he called encephalitis. Evidently, one physi­
cian had diagnosed him as having diphtheria; how­
ever, a second physician had dismissed this diagno­
sis. This infectious illness was characterized by a

sudden complete inability to swallow, necessitating
nasogastric feedings for 3 days, fever to 40°C,
diplopia, and paralysis of the palatal muscles. He
was treated with Prontosil (one of the original sulfa
antibiotics) and recovered uneventfully from the ill­
ness, except for the sequelae of persistent palatal
weakness and an annoying foreign body sensation
whenever he ate.

On physical examination, the patient appeared to

be well and was in no distress. He had normal
laryngeal and pharyngeal anatomy and function at

rest, except for a minimal symmetric palatal
weakness. When asked to perform Valsalva's ma­

neuver, his entire hypopharynx from the level of the
hyoid cartilage to the level of the pyriform sinuses
ballooned out in smooth symmetric fashion.

Cine-esophagrams (Figs 1 and 2) revealed a nor­

mal hypopharynx and esophagus at rest but great
distensibility of the hypopharynx with Valsalva's
maneuver. Cricopharyngeal function was normal.
The patient was given some barium-soaked bread to

eat. When he swallowed, the bread lodged in the
area of his left pyriform sinus, creating a foreign
body sensation. We suggested that the patient turn
his head to the right, whereupon the bread readily
passed. Turning the head to the right occludes the
right hypopharynx and enlarges the left hypophar­
ynx. Using this maneuver, the patient was able to

dislodge the bread and was relieved of the foreign
body sensation. Four years later, he continues to be
able to relieve this sensation with the same maneu­

ver.

DISCUSSION

This case illustrates an interesting lesion produc­
ing dysphagia and a simple solution to the problem.
The unusual causes of dysphagia in the differential
diagnosis of this lesion include, but are not limited
to, several of the degenerative neurologic and myo­
pathic syndromes, pharyngocele, and infectious dis­
eases such as rabies, tetanus, poliomyelitis, and
diphtheria.

While many of the neuromuscular disorders are

characterized by dysphagia, it usually constitutes
but one of many neuromuscular problems from
which the patient suffers. A careful history and
physical examination will reveal other neuromuscu­

lar abnormalities that characterize the various dis­
ease processes. In general, neuromuscular diseases
are progressive, not focal or self-limiting as is the
process discussed here.

From the Division of Otolaryngology-Head and Neck Surgery, Stanford University Medical Center, Stanford, California.
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Pharyngocele is an unusual cause of dysphagia,
and until 1979, only 18 well-documented cases were

reported in the literature;' A pharyngocele is pro­
duced by herniation of the mucous membrane
through anatomically weak areas of the pharyngeal
wall (usually at the base of tongue or pyriform sinus

regions). These are discrete pouches with luminal
apertures, 2 and normally increase in size with
Valsalva's maneuver. This lesion presents most

commonly with symptoms of dysphagia and a sen­

sation of food lodging in the throat.' Diagnosis is
made by radiographic examination and by endos­
copy. If warranted, the treatment is surgical exci­
sion. While the lesion we studied shared certain
similarities to a pharyngocele, eg, a change in con­

figuration with Valsalva's maneuver, it was a dif­
fuse symmetric hypopharyngeal distension rather
than a discrete pouch.

Rabies, tetanus, poliomyelitis, and diphtheria are

rare causes of dysphagia today, but were quite com­

mon in 1941 when our patient experienced his in­
fectious illness.

Rabies occurs almost exclusively following a bite
by an infected animal. A 2.:. to 10-day prodrome en­

sues, characterized by fatigue, anorexia, fever, sore

throat, malaise, and nausea. An acute neuropathic
period follows, during which the patient manifests
anxiety, irritability, insomnia, and depression.
Painful pharyngeal spasms occur during this phase.
Characteristic drooling occurs, since swallowing is

extremely painful. Only three cases of human sur­

vival of rabies have been documented. 3

Tetanus presenting with dysphagia has been the
subject of at least two recent case reports.v" It

presents most commonly with symptoms of trismus
and dysphagia; As more muscles become involved,
a generalized rigidity ensues. Infection usually is
transmitted through an open wound. Treatment
consists of surgical debridement of the wound, anti­

biotics (usually penicillin), administration of teta­
nus antitoxin, and supportive care.

Fig 1. Anteroposterior cineradio­
graphic view of patient's hypo­
pharynx A) at rest and B) during
Valsalva's maneuver.

Poliomyelitis constitutes an unusual cause of dys­
phagia at the present time in the United States be­
cause of the widespread use of the polio vaccine. Po­
lio is well known to cause bulbar paralysis with re­

sulting laryngeal and pharyngeal involvement. Iso­
lated bulbar paralysis is unusual, but may be seen

occasionally in children. Dysphagia, in this disease,
results from viral invasion of the nucleus ambiguus
with production of nerve cell injury and inflamma­
tion. The degree of clinical manifestation is a reflec­
tion of the number of cells within the nucleus am­

biguus that are damaged." It is therefore possible,
but not common, to see a primarily pharyngeal pa­
ralysis with minimal or no laryngeal involvement.

There is a recent case report in which a unilateral
palatopharyngeal paralysis without laryngeal pa­
ralysis is reported as a sequela of bulbar polio. 7 It is

hypothetically conceivable that the symmetric pha­
ryngeal paralysis of our patient resulted from selec­
tive nerve destruction within the nucleus ambiguus
by polio.

Fig 2. Lateral cineradiographic views of patient's hypo­
pharynx A) during Valsalva's maneuver and B) at rest.
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Our best hypothesis, given the possible history of
diphtheria, is that of a postdiphtheritic selective
pharyngeal paralysis. Diphtheria was a common

entity in 1941, with diphtheritic pharyngotonsillitis
occurring in 48 % to 61 % of diphtheria cases." In a

series of 1,433 patients, pharyngeal paralysis was

found to occur in 42 people." As experienced by our

patient, the early stage of paralysis often is heralded
by difficulty swallowing, with either unilateral or

bilateral paralysis of the soft palate and pharyngeal
muscles. The early stage of paralysis also commonly
is accompanied by paresis of accommodation, 9

which may manifest in the symptom of diplopia,
which the patient described as occurring during his
infectious illness.

Diphtheria creates a demyelination with preser-
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vation of axonal continuity. While the most com­

mon site of involvement is at the neural ganglia,
more peripheral involvement can occur as well. It
has been proposed recently that focal neuropathies
may occur in faucial diphtheria as a result of local
toxic effects. 10 The only factor mitigating against a

diagnosis of diphtheria is the time course reported
by the patient. Palatal and pharyngeal paresis
typically occur during the third to fourth week of
the illness, rather than as the initial presenting
symptom of the illness.

We have presented an unusual lesion causing
dysphagia and a simple solution to the problem. A
4-year follow-up of the patient reveals that he is

eating well using this method of turning his head to
the right when he swallows.
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VOCAL NODULES IN CHILDREN

BRUCE BENJAMIN, FRACS, FAAP

SYDNEY, AUSTRALIA

GLEN CROXSON, FRACS

We reviewed 27 pediatric patients who had vocal nodules removed surgically in a 5-year period. Age of operation, duration of symp­
toms, indications for operation, and the results of removal are analyzed. The techniques of laryngoscopic assessment with telescopes and of
microsurgical removal are described in detail. The 27 children had 53 nodules removed. Almost all had normal or improved voices as judged
by the parents' answers to a written questionnaire. From the results of this series, microsurgical removal of vocal nodules in children is

justified in selected patients.
.

KEY WORDS - hoarseness, microlaryngoscopy, vocal nodules.

INTRODUCTION

Morell MacKenzie first described vocal nodules
and their frequency in the 1880s.1 Now, 100 years
later, it is documented that vocal nodules are the
commonest cause of hoarseness in chtldren.?" They
may be called screamer's nodules or singer's nodules
in adults.

The incidence of chronic hoarseness in children is
estimated at from 2 % 8 to 23.4 % .4 The cause of the
hoarseness in one study was found to be vocal
nodules in 38 % ,9 whereas in another study it was

found in 78 % .4 Nodules are the most common voice
disorder in school-age children, although they are

not common in teenagers.
2

Wilson" emphasized the reeducation of children
to eliminate vocal abuse; to encourage training in

pitch, loudness, and speech quality; and to make
the new speech characteristics habitual. In 1962 Ar­
nold'? stated, "surgical ablation of simple vocal
nodules in children is unnecessary, senseless and
potentially harmful." In 1985 Von Leyden'
warned, "surgical manipulations of the pediatric
larynx are more difficult because of its size and
structure and the larynx is easily traumatised." He
added "the removal of nodules will be followed by
prompt recurrence unless the etiologic factors have
been eliminated."

'

Removal of vocal nodules in adults is acknowl­
edged as an effective treatment for persistent nodu­
les in<selected patients, especially when speech
therapy has not been beneficial. Surgical treatment
is not so readily accepted in children; despite a

literature search, we cannot find support for surgi­
cal removal of vocal nodules in children. This paper
is a retrospective review of pediatric patients whose
vocal nodules were removed and assesses the effect
of the operation.

MATERIALS AND METHOD

We reviewed the records of 27 consecutive pa-

tients under the age of 15 years who had surgical
removal of vocal nodules during the 5 years 1981
through 1986 at the Royal Alexandra Hospital for
Children, Sydney. Data collected included age, sex,

symptoms, duration of symptoms, age at operation,
methods of endoscopic evaluation and surgical
removal, and recurrence rate. Further data were

obtained from a questionnaire sent by mail, to

parents in September 1986. It asked about preoper­
ative duration of hoarseness; whether speech ther­
apy was given and how many sessions and whether
it was beneficial; whether the child's voice was

"worse," "the same," "improved," or "normal"
after complete healing; and whether the voice re­

mained the same or became bad again.

Endoscopic evaluation of the vocal nodules and
surgical removal were performed using a standard­
ized technique of general anesthesia, 11 laryngoscopy
with telescopic magnification (Fig 1), and micro­

surgery;" The operations were performed as day
surgical procedures.

Anesthesia was an inhalational technique with
spontaneous respiration using oxygen, nitrous ox-

Fig 1. Direct laryngoscopy using rigid rod lens telescope in
child under general anesthesia. Assistant using Wittmoser
optical teaching arm has similar clear view to that of sur­

geon.
From the Royal Alexandra Hospital for Children, Sydney, Australia.
Presented at the meeting of the American Laryngological Association, Denver, April 25-26, 1987.
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Fig 2. Histologic section of vocal nodule. There are areas of
epithelial hyperplasia, marked submucosal edema, and
minimal inflammatory changes.

ide, halothane, and methoxyflurane. No endotra­

\ cheal tube was used. General anesthesia was sup­
plemented by topical lidocaine up to 5 mg/kg.

Preliminary direct laryngoscopy was performed
rwith a hand-held laryngoscope. This was followed
by laryngoscopy using rigid rod lens Hopkins tele­
scopes, 0° to 30°, to give a clear magnified view
and allow photography.

.

We used the operating microscope during suspen­
sion laryngoscopy for microlaryngeal surgery. The
Benjamin." pediatric microlaryngoscope (Karl
Storz, Germany) was maintained in position by a

modified Reicker- Kleinsasser laryngoscope holder
(Karl Storz), which rested on a height-adjustable
platform mounted on the operating table.

The edge and undersurface of the vocal cord and
the vocal nodule itself were readily displayed by ex­

ternal finger pressure on the neck on one or the
other side of the larynx, or by gentle use of a suction

tip or blunt instrument to evert the vocal cord. The
nodule was grasped with the edge of cup-shaped
forceps, usually up-cupped forceps, 2 mm in diame­
ter, and drawn toward the midline. This method of
traction emphasized the wide base. Next, curved or

up-cutting scissors were used to excise the nodule
and a small cuff of surrounding edematous mucosa.

After excision, the defect had an elongated oval
shape on the edge and' undersurface of the vocal
cord. In most cases a small amount of the vocal cord
mucosa remained intact anterior to the site of re­

moval toward the anterior commissure; occasional­
ly removal resulted in stripping of the cord edge up
to the anterior commissure. The right and left nod­
ules were deliberately not removed at the same op­
eration to eliminate the chance of postsurgical ad­
hesion. All nodules were examined histologically
(Fig 2).

The children were observed postoperatively for
several hours in the recovery ward. Steroids, antibi­
otics, and humidified air were not used. The pa­
tients were advised to use their voices quietly for 7
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Fig 3. Age distribution of 27 patients who had removal of
vocal cord nodules.

to 10 days postoperatively, but there was no instruc­
tion for complete voice rest. Removal of the contra­

lateral nodule was performed 4 weeks later. Postop­
erative evaluation was performed at 4 weeks and
then at 12 months thereafter.

RESULTS

Twenty-seven patients were operated on between
1981 and 1986 by the principal author (B.B.).
There were 22 boys and five girls. The age range at

operation wasfrom 3 to 14 years, with a mean age
of '9.4 years (Fig 3). All 27 patients had hoarse
voices. Three also had periods of loss of voice, and
two others had noticeable voice fatigue. The age of
onset of symptoms showed a wide scatter from in­

fancy to 11 years. The mean duration of symptoms
before operation was 4.1 years.

The 27 children had 53 nodule removals. Twen­

ty-four children had bilateral nodules, all with
staged removal. One child had a unilateral nodule
removed. One child had bilateral nodules, but did
not have the second operation. One child had a re­

peat operation in 1985 for recurrence on one side,
having had bilateral nodules removed in 1981.

The period of postoperative follow-up was from 3
months to 3 years 9 months, with a mean time of 1

year 5 months. Twenty-five of the 27 patients re­

sponded to the questionnaire. Fifteen reported a

"normal" voice and ten reported "improvement;" of
these ten there were three who reported improve­
ment but fluctuation with voice abuse. None re­

ported the voice as being "the same" or "worse."
Five patients received preoperative speech therapy.
The parents assessed this as of no value in three
cases, little value in one, and worthwhile in one.

There were no complications of anesthesia or sur­

gery.

DISCUSSION

The age, sex, and clinical features in this series
are similar to those of previously reported series.v"

In a child with a persistent husky voice, it is es­

sential to exclude laryngeal papillomata. At indirect
laryngoscopy, mucus on the edge of the vocal cord
can sometimes mimic nodules, but the mucus clears
after coughing. If the larynx cannot be seen with a

mirror, diagnostic endoscopy under general anes-
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thesia is justified.
Not all children with vocal nodules are recom­

mended for operation. On the contrary, most are

evaluated by indirect laryngoscopy and reassessed
during the next year. The indications for operation
are firm and include a long history for several years
without improvement, the voice becoming worse,
and severe hoarseness or loss of voice sufficient to
cause embarrassment in everyday conversation or

reading in class. Sometimes the symptoms are suffi­
cient for the child to be teased or ridiculed. A
deliberate recommendation for operation is seldom
made before the age of 8 years, although children
who undergo diagnostic laryngoscopy may have
nodule removal at an earlier age. It generally is con­

tended that vocal nodules are self-limiting and
resolve in the teenage years. Although there is no

study to prove this view, the possibility of natural
remission, given sufficient time, should be con­

sidered when advising that removal is necessary.

Our experience with nodules in general, and with
the patients in this series in particular, lead us to
certain conclusions. The obvious abnormality in
vocal nodules is the nodularity and focal thickening
at the site classically described on the edge of the
vocal cord at the junction of the anterior third and
posterior two thirds, but there is also surrounding
Iongitudinal edema in the submucosal space (Fig
4A). The most prominent swelling is on the edge
and undersurface of the vocal fold. There may be a

difference in the appearance at indirect laryngos­
copy and the appearance under general anesthesia
using telescopes or the microscope. A nodule seen

prominently in the laryngeal mirror may be less ob­
vious under anesthesia; it will be found just under
the edge of the vocal fold.

There is a spectrum of appearances in vocal nod­
ules. In simple nodules there is a localized, fusiform
thickening of the mucosal surface' of the edge of the
vocal cord. In larger nodules there is prominent ir­

regular focal nodularity with extensive chronic sur­

rounding longitudinal edema, and sometimes also

Fig 4. Removal of vocal nodules.
A) Appearance at direct laryngos­
copy photographed using rigid tel­
escope. B) Nodule is grasped by
cup-shaped forceps and retracted
to emphasize longitudinal exten­
sion of. edema. Scissors are used to
remove focal nodularity and area

of perinodular edema.

secondary edema in the anterior subcommissure.
The nodule can be seen clearly on the edge and un­

dersurface by everting the vocal fold using a suction

tip or a blunt instrument to gently displace the ven­

tricle downward and roll the vocal fold. The nodule
and the surrounding edema are emphasized and
made more prominent'" by grasping the center of
the nodule with the edge of cup-shaped forceps and

retracting it toward the midline (Fig 4B). Surgical
removal using curved or up-cutting scissors must re­

move not only the focal nodularity but also, at the
same time and in one piece, the area of perinodular
edema. The vocal cord mucosa near the anterior
commissure should be kept intact. If preservation of
the mucosal edge could be achieved with certainty
there would be no danger to the anterior commis­
sure and staged removal would not be necessary. In
our patients removal of the contralateral nodule
was staged 4 weeks later to eliminate the possibility
of an adhesion, possibly an overcautious approach.

We found some years ago that cup-shaped for­
ceps and scissors give a more satisfactory and accu­

rate removal than laser removal. In particular, the
forceps and scissors technique allows removal of the
nodule and the area of surrounding edema in the
submucosal layer without injury to the vocalis mus­

cle or the vocal ligament. The resultant surgical de­
fect has a very shallow, elongated oval shape.

We have observed rapid healing, lack of reaction,
absence of complications, and a low rate of recur­

rence. We conclude that children's vocal cords are

not delicate and that with modern, precise, gentle
microsurgical techniques vocal nodule removal is a

relatively safe, justifiable, and effective procedure
that can be performed on an outpatient basis.

We realize that objective evaluation of a voice
disorder is difficult, unreliable, and prone to ob­
server error. 6,15 The criterion used for voice im­

provement in this series was the parents' opinions of
the postoperative voice, which, although subjec­
tive, may be as reliable as other available parame­
ters such as stroboscopy, videoendoscopy, or com-
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puter analysis of speech, which are difficult to ap­
ply in all children.

The operation cannot be regarded as curative in
all cases. All the patients were improved; only three
had fluctuation of symptoms with voice abuse. The
underlying abnormality of voice production may
persist even though the quality of the voice is im­

proved. Speech therapy was considered and at­

tempted in some, although results in the past were

disappointing. It may be that appropriate preoper­
ative and postoperative speech therapy would fur­
ther improve the voice results. Our impression over

many years, however, has been that children find it
difficult to cooperate with the advice given even by
an experienced, skilled, pediatric speech therapist,
that interpersonal conflicts can arise between par­
ents and children with regard to use of the voice,
and that the possible beneficial effect is no longer
apparent when therapy ceases.

In this series the good results, the rarity of recur­

rence, and the relative safety of the procedure in­
dicate that microsurgical removal of vocal nodules
is justified in children selected according to the in­
dications outlined.above.
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USE OF BOTULINUM TOXIN TO LATERALIZE TRUE VOCAL CORDS:
A BIOCHEMICAL METHOD TO RELIEVE BILATEHAL ABDUCTOR

VOCAL CORD PARALYSIS

SEYMOUR R. COHEN, MS, MD

Los ANGELES, CALIFORNIA

JEROME W. THOMPSON, MD

Using the mongrel dog as an animal model, we studied the effectiveness of botulinum toxin (Oculinum) to lateralize the true vocal
cord. This experiment was undertaken in order to determine whether the toxin can improve the airway in subjects with bilateral abductor
vocal cord paralysis. The toxin was injected into the cricothyroid muscle to block neuromuscular transmission at the motor end-plate.
Paralysis of the cricothyroid muscle was achieved and documented by electromyography and videotaped endoscopy. Paralysis of the

cricothyroid muscle decreases the tension of the true vocal cord and allows the cord to take a more lateral position. In this preliminary
report, the literature is reviewed, the effect of and action of the toxin are discussed, and the results of the experimental protocol, establish­
ment of dose-response curves, and techniques of injection are presented. Preliminary data suggest that there is an increase in the airway by
lateralizing the true vocal cord with this biologic substance, and that this method may have many applications in clinical medicine for the

otolaryngologist-head and neck surgeon.

KEY WORDS - airway obstruction, botulinum toxin, cricothyroid muscle, laryngeal paralysis, lateralization, true vocal cord.

INTRODUCTION

The search for a simpler and better method to

rehabilitate the paralyzed larynx has been persis­
tent and elusive. We report the preliminary results
of a basic science research project wherein botuli­
num toxin is injected into the cricothyroid muscle of
a mongrel dog to attain lateralization of the true

vocal cord and thereby to improve the airway. This
study has been in progress for approximately 2

years.

A review of the literature reveals that chemical or

biochemical methods have not been used to relieve
the situation of the patient with a neurologically
crippled larynx. This project was undertaken to

study the effects of botulinum toxin in order to re-

. lieve the obstructive phenomenon resulting from bi­
lateral abductor paralysis of the larynx and thus
eliminate the need for an artificial airway. Botu­
linum toxin (Oculinum) has been used to temporari­
ly paralyze selected muscles 'or muscle groupsto re­

lieve patients of the effects of the following diseases:
1) strabismus, 2) blepharospasm, 3) hemifacial
spasm.jand 4) torticollis. We believe this is the first
report of the use of this toxin in the treatment of
neurologic diseases of the larynx.

The possibility that botulinum toxin could relieve
the devastating effects of laryngeal bilateral abduc­
tor paralysis stimulated us to attempt this trial
study. Also encouraging to us were the facts that
this form of treatment is not permanent, does not

derange the normal anatomy of the larynx, has an

almost immediate response, has no systemic toxicity

when locally injected, and reduces the morbidity so

common after all surgical procedures to a mini­
mum. Because the effect of the drug is temporary,
its use in some patients with spontaneous reversible
bilateral abductor vocal cord paralysis would be
ideal.

HISTORICAL REVIEW OF TREATMENrr
OF LARYNGEAL PARALYSIS

The surgical methods used' to treat laryngeal
paralysis have been controversial and often disap­
pointing. While many techniques have been pro­
posed and modified, perfect return of function of
the larynx has not been attained as yet. While a

high success rate has been reported for many of the
procedures that eliminate the need for an artificial
airway, restriction of exercise tolerance and the
resultant voice defects still' plague both patient and
surgeon.

Arytenoidectomy, the surgical management first
developed by King' in 1939, was modified by Or­
torr' in 1944, and improved to its final form by
Woodman" in 1946. In 1953, Woodman," who
avoided invasion of the thyroid cartilage, achieved

-

some good results but no guarantee of an airway
adequate for normal activity without challenge to
voice quality.

In 1932, New and Childrey" reported a question­
naire response of 969 patients who had arytenoidec­
tomy procedures; the success rate was less than 50 %
in patients who were operated upon previously and
91 % in those who had no previous surgery. The
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voice was a difficult factor to analyze accurately,
but 5 % of patients had poor voice, eight patients
had aphonia, 20 % had good to excellent voice, and
75 % had adequate voice. In 1952 Thornell" sug­
gested translaryngeal arytenoidectomy. Hoover' in
1932 used midline thyrotomy and submucosal resec­

tion of the vocal cord for improvement of the air­

way.

Fraser" in 1924 and Lahey" in 1928 attempted
end-to-end anastomosis of the recurrent laryngeal
nerve but failed, with uniformly poor results. Other
techniques, such as the use of spinal accessory
nerve, hypoglossal nerve, and phrenic and facial
nerve hookups, resulted in such varying degrees of
success that many of these procedures have been
abandoned. Kleinsasser" in 1968 suggested a micro­

laryngeal surgical approach to arytenoidectomy,
with a submucosal thinning of the true vocal cord.
In 1976 laryngeal reinnervation was proposed and
advanced by Tucker;!' who reported relief of ob­
struction and the return of vocal function in the first
five patients who underwent the procedure. New­
man and Work'? in 1976 stated a preference for the
Woodman procedure and reported a 75 % success

rate. In 1978 Tucker" reported using the nerve ped­
icle graft in 45 patients ranging from 2 to 84 years of
age. Return of function was noted within 6 to 12
weeks, with a primary success rate of 9l.1 % and a

long-term success rate of 88.8 %. Laser arytenoid­
ectomy was performed oil mongrel dogs and was in­
troduced in 1983 by Eskew and Bailey." Kleinsasser
and Nolte" in 1981 reported 116 patients treated
with microlaryngeallaser arytenoidectomy and in­
dicated that all were decannulated between the
16th and 40th days, with satisfactory voices. Most

recently, Sanders et al" reported a method of con­

trolling true vocal cord position by transcutaneous
electrical stimulation of the recurrent laryngeal
nerve.

Baldissera et all' in 1986 attempted to reinner­
vate the paralyzed larynx using the phrenic nerve to

reinnervate the posterior cricoarytenoid muscle.
They anastomosed the right recurrent laryngeal
nerve with the upper branch of the phrenic nerve,
and reported success in 100 % of the cats thus
studied. Otto et aP8 in 1985 reported a study in
which electrodes were placed into the posterior
cricoarytenoid muscle and diaphragm muscles of
five tracheotomized dogs. They used a sensor that
selectively detected diaphragmatic electromyo­
graphic (EMG) activity, which served as a trigger to

stimulate the posterior cricoarytenoid muscle. Otto
and Davis" in 1986 reported another functional
pacing of the vocal cord abduction with respira­
tions. They used the negative intrathoracic pressure
changes during inspiration, which were detected by
a tracheal transducer, and stimulated the cricoary­
tenoid muscle by an implantable electrode. This
study was performed in dogs, and showed abduc-
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tion of the true vocal cords paced with normal res­

pirations.
Broniatowski et apo in 1986 suggested electrical

pacing of reinnervated strap muscles in the dog.
The experiments were said to be the first attempt to

pace a nerve-muscle pedicle by means of triggering
information obtained through a strain gauge linked
directly to tracheal motion during respirations.
Freije et aPl in 1986 examined motor end-plate
distribution in the human lateral cricoarytenoid
muscle. They used histochemical techniques and
computer graphics to determine the three-dimen­
sional distribution of the motor end-plates in the
human lateral cricoarytenoid muscle. Their results
indicated that the end-plates in human thyroaryte­
noid, cricothyroid, and posterior cricoarytenoid
muscles have diffusely distributed end-plates,
whereas in the lateral cricoarytenoid muscle, they
are generally distributed along a broad band at the
midlength of this muscle.

According to Tschiassny.f" stimulation of the
cricothyroid muscle approximates the cricoid ring
to the lower border of the thyroid. Unilateral stim­
ulation of the cricothyroid muscle effects elevation
and deviation of the ring toward the stimulated
side. These factors cause elongation of the vocal
cord and approximation of the vocal processes to
each other. This author'" credits Hooper for first ex­

plaining that the upward movement of the cricoid
cartilage onto the thyroid cartilage is caused by the
pressure of air expelled from the chest, a process
called the Hooper phenomenon. 23 This phenome­
non is directly proportional to the force with which
air is expelled from the chest. It is believed to be a

centrally controlled expiratory action, occurs even

after complete separation of the larynx from the
trachea, and is not due to recoil after release of in­
creased tracheal traction during inspiration. The
phenomenon disappears in deeply anesthetized ani­
mals.

In 1957 Tschiassny" stated that excision of the
cricothyroid muscle is effective in lateralizing the
vocal cords when performed experimentally, but is
associated with therapeutic failure with few excep­
tions when performed experimentally. He indicated
that there are additional nerve supplies from the in­
ternal branch of the superior laryngeal nerve that
supply the arytenoid muscles to produce adduction
of the arytenoid and thus close the cartilaginous
part of the glottis. This is a highly controversial
view. Tschaissny pointed out that the rationale of
therapeutic cricothyroid muscle elimination is to
abolish the tension produced by this muscle, thus
changing the vocal cord from the midline to the
cadaveric position. Prerequisites for success are nor­

mal joint and elastic conditions of the larynx and
the presence of a functioning cricothyroid muscle.
Thompson et aps in 1984 did experimental studies
in the dog for the correction of superior laryngeal
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nerve paralysis by fusion of the thyroid to the cri­
coid cartilages. Their surgical procedure was used
to correct the mechanical deficit caused by the

disruption of the superior laryngeal nerve.

PHARMACOLOGY OF BOTULINUM TOXIN

According to Simpson;" Clostridium botulinum

produces a very powerful neurotoxin of which there
are numerous antigenically identifiable strains,
classified according to the type of toxin they pro­
duce. Scott" and Simpsorr" indicate that while
these strains are named A, B, C«, C{3, D, E, F, and
G, the type A botulinum toxin is the only one of the

eight that has been crystallized in stable form.
Botulinum toxin A has powerful paralytic effects on

the human muscle. The toxin, which has a molecu­
lar weight (mol wt) of 900,000 daltons, has been
demonstrated to have neurotoxic as well as hemag­
glutinin (red cell) activity. The purer neurotoxin,
mol wt 150,000 daltons, is three to five times as tox­

ic as the crystalline toxin-hemagglutinin. Studies"

suggest that all eight botulinum neurotoxins are

proteins of equal molecular weights, and that the

type A crystalline molecule is a simple protein com­

posed of ordinary amino acids. The toxin is felt to

be a single polypeptide chain without prosthetic
group. Its toxicity is dependent upon maintaining
the integrity of its tertiary structure. 27,28

The complex of toxin-hemagglutinin is probably
too large to penetrate the intestinal wall, and it is
the toxin (150,000 daltons) that is found in the
bloodstream. There is no evidence that the toxin

penetrates the blood-brain barrier, except possibly
in massive doses.

ACTION OF BOTULINUM TOXIN

It is appropriate to review the normal physiology
at the neuromuscular junction to better understand

. the effects of the toxin. "The invasion of a nerve ter­

minal by an action potential opens voltage-depend­
ent calcium channels transiently. The brief influx of
calcium rapidly stimulates release of a quanta of
transmitter which in turn produces post synaptic
change in conductance. Hopefully the biochemical
basis of transmitted release will be unravelled by re­

cent �velopments in membrane btochemistry.'?"
The complex nature of the biochemistry of neuro­

transmitter release is reported by Kelly et al. 29 To

summarize, exocytotic release of the neurotransmit­
ter involves the apposition and .fusion of vesicle
membranes with the nerve terminal plasma mem­

brane. Anatomic studies point to the presence of
large intramembranous particles that are associated
with synaptic vesicles at rest, with plasma mem­

brane during exocytosis, and with coated vesicles
during endocytosis. 30 The most characteristic
feature of the nerve terminal is the synaptic vesicle,
which corresponds to the quantum of transmitter
release. The synaptic vesicles are not distributed
uniformly in the nerve terminal, but are clustered

around dense projections at the presynaptic plasma
membrane."

The toxin binds firmly to the muscle;" When in­

jected locally into the muscle, the toxin will act

locally for a prolonged period of time. Thus in low
doses injected into eye muscles, for instance, little
remaining toxin is left to pass into the general cir­
culation. Safety of the toxin, used appropriately, is

thereby assured. Also, type A toxin is rapidly fixed
at the terminal nerve fibers and other tissue-binding
loci. One estimate of a parenteral lethal dose (LD)
for a grown man was seven mouse LDs. Scott'" in­

jected 26 mouse LD/50 into an eye muscle without
any systemic effect. In the human the estimated
LD/50 dose would be 2 mg given intravenously
(IV).

Botulinum toxin interferes with the release of
acetylcholine from the nerve ending, but it does not
interfere with its storage within the synaptic vesi­
cle. The release of acetylcholine from the nerve ter­

minal requires an alteration in calcium ion metabo­
lism with which botulinum toxin interferes. This in­
terference with calcium metabolism blocks the re­

lease of acetylcholine, and thus functionally dener­
vates the muscle fibers for weeks and even months.
The toxin apparently acts upon individual motor
nerve terminals. Boroff and Das Cupta'" suggested
that botulinum toxin antagonizes calcium ion

transport by serotonin and upon calcium ion de­
pletion. The end-plate does not release acetyl­
choline and the muscle fiber fails to contract. The
toxin does not block propagation of the nerve im­

pulse, and neither the nerve nor the muscle suffers
impairment of electrical excitability or conductivi­
ty. Long-term exposure to the toxin will cause

atrophy of the muscle. Botulinum toxin treatment

of skeletal muscles produces the same effect as that
of denervation .

METHODS

SUBJECT GROUPS

Twelve mongrel dogs were selected for long-term
survivability. They then were assigned randomly to

control or treatment groups. Each animal served as

its own internal control for normal, preintervention
vocal cord position. The larynx of each dog was

videotaped at the beginning of the study and in
each stage to document the angle of the vocal cords
at the three defined cord positions: resting, max­

imum abduction, and maximum adduction. The
techniques will be described in greater detail.

At the conclusion of the project, all animal
groups will undergo needle biopsies of the crico­

thyroid muscles and be placed for adoption.

Group 1. To insure that all the fluid actually was

injected into the cricothyroid muscle, the injection
was done under direct vision via an open neck dis­
section of the muscles. As a control of the effect of
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Fig 1. Goniometer with vernier scale used to measure

angle formed by vocal cords using anterior commissure as

axis of rotation.

injecting the standard treatment volume of 1 mL of
fluid into the muscle, three animals were injected
bilaterally with 1 mL of normal saline directly into
each cricothyroid muscle. Preinjection and postin­
jection videotapes were obtained.

Group 2. This group had the standard volume of
botulinum toxin injected into the right cricothyroid
muscle. Because the dosage to be used in the dog
was unknown, based on other animal studies, a low
dose of 0.1 U/0.45 kg (1 lb) was initially used and
was increased in increments in each subsequent dog
so as to establish a dose-response curve. Each ani­
mal was videotaped preoperatively, immediately
postoperatively, and at intervals of 4 weeks.

Group 3. The standard volume of botulinum tox­

in was injected into one cricothyroid muscle of each
of two dogs that had a previous segmental resection
of one recurrent laryngeal nerve. In one animal, the
injection was ipsilateral, in the other animal the in­

jection was contralateral. The same videotaping
patterns and techniques were used.

Group 4. Botulinum toxin was injected into both
right and left cricothyroid muscles of this group.
Again, progressive increments in drug dosage were

used to establish a dose-response curve. When both
cricothyroid muscles were injected, the animals
received twice as much toxin as those in which a

unilateral injection was given.
SURGICAL METHODS

Preoperative penicillin was administered intra­

muscularly (1M). Each dog was sedated by an injec­
tion of 6 mg 1M of acetyl promazine and 0.24 mg
1M of atropine sulfate, followed by an injection of
0.1 mg/0.45 kg IV of a 0.5% solution of thiopental.
The dog was then positioned and restrained on the
operating table in a supine position and a mouth
gag was placed. The larynx was visualized on the
television monitor with a rigid fiberoptic fixed tele­
scope and video camera combination. The status of
the larynx was recorded on videotape ell in). Con-
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VOCAL CORD MEASUREMENTS

Measurements
Group Cord Position (Angle in Degrees)

1 Resting 25 27 28 20.0
Maximum adduction 0 0 0 0.0
Maximum abduction 47 47 49 49.0

2 Resting 26 32 30 30.0
Maximum adduction 0 3 2 0.6
Maximum abduction 38 46 42 41.0

3 Resting 25 32 31 31.0
Maximum adduction 2 11 10 9.0
Maximum abduction 33 42 44 42.0

4A Resting 26 30 32 34.0
Maximum adduction 0 8 5 5.0
Maximum abduction 60 54 55 54.0

4B Resting 22 32 33 33.0
Maximum adduction 0 9 9 11.0
Maximum abduction 40 50 46 46.0

tinuous videotaping of the excursion of the vocal
cords during breathing and vocalization and at rest

were obtained. Once preoperative videotapes were

completed, the animal was given an additional dose
of thiopental to produce a surgical level of anes­

thesia.

The surgical site in the neck was shaved, pre­
pared, and draped in usual fashion for a sterile sur­

gical procedure. An incision was made vertically
along the midline over the cricoid cartilage. Self-re­
taining retractors were placed and the strap muscles
were separated so that the cricothyroid muscle
could be visualized. One milliliter of a specified
concentration of botulinum toxin was injected
through a monopolar needle attached to an EMG

amplifier. The EMG signals could thus be heard
and were used to guide the needle placement. An
attached EMG recorder provided permanent rec­

ords. Each muscle was probed with a needle elec­
trode until the site of maximum electrical discharge
was located, which was assumed to be the site of the
highest concentration of motor end-plates. It was

here that the injection of the toxin was performed.
The wound was flushed with saline and closed with
chromic suture. The operative site was drained and
a dressing was applied. The dogs were reexamined
when awake, then they were taken to a recovery
cage. Vital signs were closely monitored. In the
animals in which a nerve resection was done, a

l-cm segment of the recurrent laryngeal nerve was

removed at the level of the midcervical trachea 1
month prior to muscle injection. All drains were

removed on the fourth postoperative day.
Measurements. The angles of the - cords in the

control and experimental groups were measured in
three positions: resting, maximum abduction, and
maximum adduction. This was accomplished using
the anterior commissure as the center of rotation of
an arc created by the vocal cords. The degrees of arc

in which the cords rested or to which they moved
were measured using a goniometer with a vernier
scale (Fig 1). To simplify the measurements, prints
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Fig 2. Vocal cord positions. A) Group 1. Lack of effect on

mean true vocal cord angle when saline is injected as con­

trol into cricothyroid muscle. Angle is changed from pre­
operative for all three positions. B) Group 2. Slight in­
crease in mean true vocal cord angle for all three cord posi­
tions after unilateral injection of toxin into cricothyroid
muscle. 0 - maximum adduction, • - resting, 6 -

maximum abduction.

of the laryngeal image were obtained on a video

display printer. While the number of animals used
in this preliminary study is small, there appears to

be a definite trend as a result of the use of botuli­
num toxin injected into the cricothyroid muscle.

RESULTS

All 12 animals did well with no intraoperative or

postoperative complications, morbidity, or deaths.

Cinelaryngoscopy with video documentation was

performed in the immediate postoperative period
and 4 weeks thereafter. Recovery from anesthesia
was rapid, with ambulation and normal feedings
within 2 hours after the surgical procedure. None of
the animals experienced dysphagia, aspiration,
postoperative infection, or toxic. reaction to the

drug injection. The mean values for each group of
vocal cord angle were calculated for each of the
three vocal cord positions and were plotted on

graphs. See the Table for data.

Group 1. There were three animals in this group
in which bilateral saline control injections were

given. The mean angle of the vocal cords after in­

jection of saline in all three positions was no dif-
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Fig 3. Group 3. Unilateral injection of toxin into subjects
with right true vocal cord paralysis. A) Mean angle in­
crease of true vocal cords for three specified positions. 0 -

maximum adduction, • - resting, 6 - maximum ab­
duction. B) Comparison of ipsilateral (----) and contralat­
eral (-) injections of toxin. Ipsilateral injection is more

effective in increasing angle.• - resting angle.

ferent from the preoperative values. Therefore, in­

jection of normal saline into each cricothyroid mus­

cle had no effect on vocal cord position (Fig 2A).
Group 2. In the three animals that received

unilateral injections of botulinum toxin, the mean

angles of the vocal cords at rest, maximum abduc­
tion, and maximum adduction were larger after the
injections and appeared to drift slowly back toward
the preoperative values after several months. This
indicates that the botulinum toxin temporarily lat­
eralizes the vocal cords (Fig 2B).

Group 3. In the two animals that had previous
unilateral recurrent nerve sections and received
unilateral injections of the toxin, the preoperative
cord positions were altered by the unilateral paral­
ysis, as was expected; The overall mean effect of the
toxin was the same as that in group 2, in which
there was an apparent increase in all the angles at
the specified positions (Fig 3A). In the unilateral
paralyzed larynx, the injection in the same side as

the recurrent laryngeal paralysis clearly was far
more effective in lateralizing the cords than the
contralateral normal side injection (Fig 3B). There­
fore, by injecting the contralateral side, effective
opening of the larynx was not as good.

Group 4. This group of four animals was divided
into those with high and low dose injections. The
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initial low doses were ineffective in producing later­
alization of the vocal cords (Fig 4A). The animals
that received high dose bilateral injections of the
toxin followed the same pattern of increased angle
of the vocal cords at the resting, maximum abduc­
tion, and maximum adduction positions as in groups
2 and 3 (Fig 4B). As could be predicted, the bilat­
eral cricothyroid muscle injection was more effec­
tive than the unilateral injection in lateralizing the
vocal cords and thus provided a larger airway in all
three positions (Fig 4C). None of the dogs was noted
to aspirate or hadfeeding or pulmonary problems
despite the increased resting and adduction angle of
the true vocal cords.

The dose-response curves suggest that the most

effective dose of the toxin as yet may not have been
reached. The jump in effectiveness of the toxin be­
tween 0.7 UlOA5 kg and 0.9 U/OA5 kg may be an

artifact. If the values at 0.6 and 0.7 UlOA5 kg are

disregarded as variations between animals and only
the 0.1, 0.5, 0.9, and 1.1 values are used, a best-fit
line gives a fairly linear dose-response curve, which
suggests that a dose plateau actually has not been
reached (Fig 5). At this point in the preliminary
study it is impossible to determine an accurate dose­
versus-duration curve. This is due to the long dura­
tion of the higher dosage and the short period of this

study.

DISCUSSION

The severe and devastating effects of midline
paralysis of the larynx are well documented, its

morbidity is extensive, and its cost to patient and
society is well known. The literature is replete with
many forms of therapy that have been related in the
literature review, and the search for better methods
of relief of these symptoms continues. The most con­

sistent successes have been with arytenoidectomy
performed by many techniques.

Prior to this study, chemical and biochemical
methods were not used in the treatment of laryngeal
disease of neurologic origin. The continued search
for a better method represents dissatisfaction with
the current treatment of midline paralysis of the
larynx.

The primary premise for the use of a neurotoxin

injected locally to produce muscle paralysis is based
on the anatomy and function of the cricothyroid
muscle. When stimulated, the cricothyroid muscle,
served by the external branch of the superior laryn­
geal nerve, produces the following effects upon the
larynx: 1) it approximates the cricoid ring to the
lower border of the thyroid cartilage, 2) it effects
elevation and deviation of the cricoid ring toward
the stimulated side, and 3) it elongates the vocal
cord and approximates the vocal processes.

Cutting the external division of the superior
laryngeal nerve or removing the cricothyroid mus-

60·

50·

en
40·

Q)
Q)

C,
30·Q)

Cl

20·

10·

o·

A

60·

50·

en
40·

Q)
Q)

C,
30·Q)

Cl

20·

10·

0

B
60·

50·

en 40·
Q)

�
Cl

30·Q)
Cl

20·

10·

o'

C

89

,-,'
A----

---t::r- --6.

-:

,..0-
- -- -- -0-----

--
0

",,,,-_'-"--'-v----c�--___()
Pre-op Immediate Post-op Post-op

Post-op 1 2

- 4Wk --4Wk-

Event

Fig 4. Group 4. Bilateral injection of toxin into crico­

thyroid muscle. A) Equivocal effects of early low dose (7
U/0.45 kg). B) Dramatic increase in true vocal cord angle
for injection of higher dose toxin (mean 65 U/0.45 kg). C)
Comparison of dramatic difference between bilateral (----)
injection and unilateral (-) injection. Bilateral injection
appears to produce larger airway. 0 - maximum adduc­
tion, .& - resting, L, - maximum abduction.

cle produces gradual lateral bowing of the ipsilat­
eral vocal cord and thereby opens the airway. The
rationale for eliminating the cricothyroid muscle is
to abolish the tension of the vocal cord produced by
this muscle and thus to change it from the midline
to a more lateral position. The prerequisites for this
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It is important to note that the dog's larynx most

closely resembles that of the human. However, dos­
age requirements of the toxin are higher because the
dog probably has antibodies to this toxin. These ex­

periments attempted, to establish the dosage of toxin
levels required in the dog.

For the otolaryngologist, this experimental study
opens a number of possibilities for the use of neuro­

toxins and other chemicals or drugs to correct the
deficiencies and crippling effects of many neuro­

pathic lesions of the head and neck. It is encourag­
ing to contemplate how these neurotoxic drugs or

chemicals, not yet tried, can reverse the morbidity
of neurologic disorders so commonly seen by the
otolaryngologist. These drugs can be used without
changing the normal anatomy of the organ and thus
can avoid or 'reduce the morbidity of the disease
and/or the surgical procedures used for its correc­

tion. It is also encouraging that the use of these
drugs is temporary and possibly reversible.
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occurrence are 1) a functional cricothyroid muscle
and 2) a normal cricoarytenoid joint and normal
elastic conditions surrounding the joint and vocal
cord. When recurrent laryngeal nerve paralysis oc­

curs, atrophy of the cricothyroid muscle is rare;

therefore, the use of neurotoxin should be effective
even in long-standing cases of abductor paralysis of
the true vocal cords.

In this experiment, the use of botulinum toxin
was proven to be relatively safe, effective in main­

taining localized paralysis of the muscle into which
it was injected, and temporary and effective in

lateralizing the true vocal cord. None of the dogs
was killed, and they either can be used for other ex­

periments or adopted.
This experiment gave overwhelming evidence

that the true vocal cord is lateralized by injection of
botulinum toxin into the cricothyroid muscle and
that the paralysis is not permanent. Because the
end-plates of the cricothyroid muscle are diffusely
distributed, careful injection of the toxin under
EMG guidance is absolutely necessary.

Voice quality cannot be evaluated in dog ex­

periments. It is likely that voice changes in patients
treated with botulinum toxin will be variable de­
pending upon vocal cord position and may be sig­
nificant only in professional singers.

Botulinum toxin can change laryngomechanics,
at least for a defined period of time. The extent of
this change is probably dose-related. Prolonged ef­
fects can be achieved by multiple injections of the
toxin. While the open surgical procedure was used
in this experiment, percutaneous injection of the
toxin with EMG guidance has been proven effective
for other muscle groups.

The effectiveness of injection of botulinum toxin
to correct the obstructive phenomenon of bilateral
abductor laryngeal paralysis under all types of ac­

tivity and stress must await clinical trials. Botu­
linum toxin may be valuable in further experimen­
tation on neuropathies of the larynx.
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MALIGNANT LARYNGEAL EPITHELIAL TUMORS
AND LYMPH NODE INVOLVEMENT:

THERAPEUTIC AND PROGNOSTIC CONSIDERATIONS
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The relationship among various malignant epithelial tumors of the larynx, with or without their respective lymph node and visceral
metastases, is discussed. The tumors considered include squamous cell carcinoma, verrucous squamous cell carcinoma, spindle cell
squamous carcinoma, small cell carcinoma, atypical carcinoma, mucoepidermoid carcinoma, adenoid cystic carcinoma, and primary
malignant melanoma. Other, rarer, malignant epithelial neoplasms of the larynx are only mentioned. The choice of therapy should be
determined by tumor stage, oncotype, and patient status.

KEY WORDS - laryngeal metastases, lymphogenous and hematogenous metastases, malignant laryngeal cancers.

The presence of cervical lymph node metastases is
the most important factor in the choice and success

of treatment in cancer of the larynx.
Malignant laryngeal neoplasms may spread by

direct infiltration or by the lymphatic or blood sys­
tems. Tumor dissemination may be affected by var­

ious factors, such as the site of the primary tumor,
the oncotype, the degree of cellular differentiation,
the presence or absence of certain barriers, and
biologic factors related to the tumor-host relation­
ship, which may act independently or jointly in
cancer patients. 1

Direct infiltration is self-explanatory: the tumor
extends directly into the adjacent normal structures
and may infiltrate the glossoepiglottic valleculae,
the hypopharynx, the thyroid, and the trachea. Oc­

casionally, the cancer may invade the prelaryngeal
muscles, subcutaneous tissues, and the overlying
skin.

Metastatic spread, however, usually occurs via
either the lymphatic or blood systems. The pattern
of the spread varies with the histologic type of the
primary malignancy. Clinical studies have shown
that malignant laryngeal tumors frequently show
definite metastatic patterns. This tendency for
tumors of a particular histologic, type to metastasize
to specific structures is also a characteristic of ex­

perimental animal tumor systems. Some neoplasms
metastasize through the lymphatic system whereas
others do not, and in some malignancies blood and
lymphatic metastatic spread occur with almost
equal frequency. A careful histologic diagnosis,
therefore, is an important element in evaluating the
spread of the cancer. Often, all cancers of the lar­
ynx are treated in the same way, regardless of their
histologic characteristics. The diagnosis of cancer

must be based on histologic study of the tumor, and

the cellular type of the lesion should be recorded.
The biologic behavior varies from one type of can­

cer to another, and therefore only similar types
should be compared with one another. Further­
more, neoplasms are not always composed of a 'uni­
form population of cells, but may consist of various
cell subpopulations and show evidence of clonal
heterogeneity. This fact explains variations in their
biologic behavior and response to therapy.

SQUAMOUS CELL CARCINOMA

Squamous cell carcinoma has a high tendency to
metastasize to the cervical lymph nodes in the form
of emboli. In the great majority of cases, few lymph
nodes are involved. Generally, there is a relation­
ship between the degree of structural differentia­
tion and the incidence of lymph node metastasis. 2

Poorly differentiated carcinomas show a greater ag­
gressiveness than well-differentiated or moderately
differentiated neoplasms." The grade of differentia­
tion of a neoplasm should not be confused with the
histologic grading. Factors allowing for a better
assessment of the histologic grading of malignancies
are the following: 1) degree of structural differen­
tiation, 2) cellular anaplasia or pleomorphism, 3)
mitotic activity (frequency and abnormality of mi­
totic figures), 4) expansive or infiltrative growth, 5)
necrosis, and 6) invasion (lymphatic and vascular).

The grade of morphologic differentiation repre­
sents only one biologic manifestation of the cancer,
and in order to achieve a complete evaluation of the
biologic behavior of the tumor, the oncotype with
its histologic grade should be considered in conjunc­
tion with other important prognostic factors, such
as the site and size of the primary neoplasm, the ex­

tension of the neoplasm, the nature of the tumor

margins (infiltrating or pushing), the growth rate of
the neoplasm, the performance status, the immuno-
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Fig 1. Verrucous squamous cell car­

cinoma of larynx (H & E, original
xI6). Note abundance of inflamma­
tory cells surrounding pushing mar­

gins of neoplasm.

competence of the host, and the patient's age. An­
other important factor that may influence survival
is the presence of synchronous or metachronous
primary cancers in the head and neck area or else­
where, especially in the esophagus, lung, and oral
cavity. The presence of nonneoplastic diseases may
also influence survival.

With regard to lymph node metastases, the prog­
nosis depends more on the presence of extracapsular
spread, with the resulting increased possibility of
distant metastases, than the number of the involved
lymph nodes with an intact capsula. Patients with
extracapsular spread should be treated with postop­
erative radiation therapy. Combined therapy may
allow the long-term control or cure of these metas­

tases. The level of node involvement is also impor­
tant. Metastases to lymph nodes in the anterior in­
ferior and posterior inferior cervical triangles are

associated with a poor prognosis. 4

Bloodstream metastases may occur in the later

stages of the disease, and cervical lymph nodes are

always involved in all cases showing widespread
dissemination. The organs and structures most com­

monly involved are the lungs, liver, bones, brain,
skin, and mediastinal lymph nodes.

The lymph most frequently provides the means

for metastatic spread in squamous cell carcinoma.
Neck dissection is indicated in the presence, wheth­
er suspected or proved, of a metastatic tumor in­

volving the cervical lymph nodes.

In a patient with laryngeal cancer, the suspected
presence of a lung metastasis, without cervical
lymph node metastases, probably indicates the
presence of another primary tumor. S

Sometimes, the presence of cervical lymph node
metastases is not connected with laryngeal cancer,
but with other malignant neoplasms arising in the
thyroid gland or other structures. In rare cases, one,

or several lymph nodes may simultaneously contain

laryngeal and thyroid metastases. Very rarely, me­

tastases from laryngeal cancer to cervical lymph
nodes that are also affected by chronic lymphocytic
leukemia are reported. 6

VERRUCOUS SQUAMOUS CELL CARCINOMA

Verrucous squamous cell carcinoma is an unusu­

al, distinct, pathologic and clinical variant of well­
differentiated squamous cell carcinoma (Fig 1).7-10
It is difficult to assess the true frequency of this le­
sion, since it is often classified with squamous carci­
noma. In my experience, the incidence is about 3 %
to 4 % of all laryngeal malignant neoplasms. Multi­
focal occurrence may be seen at times. Mitoses are

rare. Cytologic criteria of malignancy are lacking,
but the nuclei of the cells of this tumor have abnor­
mal quantities of nucleic acid.!' It is characterized
by a local invasiveness, nonmetastatic behavior,
and a favorable prognosis, when adequate surgical
treatment is received early enough. 12

The transformation of a verrucous carcinoma to

an anaplastic cancer following radiation therapy is
a rare but possible complication in this as in other
sites. Also, radiation therapy may cause a change in
the character of the tumor, which may metastasize. 13

Abramson et al'" believe that radiotherapy should
not be given to patients with verrucous carcinoma
of the larynx unless the potential consequences are

fully explained, because of its potential to activate
or alter human papillomavirus-16-related DNA se­

quences. The most important contraindication for
radiation therapy appears to be the lack of local
control of the tumor, in particular when it is large
and has a high recurrence rate. 12

The selection of treatment should be made on the
basis of the effectiveness of the modality, and there­
fore surgery is the treatment of choice of this tumor,
although some authors'"?" have reported the effec­
tiveness of radiotherapy.
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The involvement of regional lymph nodes and the
presence of distant metastases in cases of pure
laryngeal verrucous squamous cell carcinoma have
not been reported to date. Therefore, elective or

radical neck dissection is not indicated in this
tumor, even in the presence of enlarged and tender
lymph nodes. In fact, biopsy and surgical specimens
after neck dissection in these cases have revealed on­

ly an intense inflammatory reaction.

SPINDLE CELL SQUAMOUS CARCINOMA

Spindle cell squamous carcinoma is an unusual,
controversial, biphasic variant of squamous cell
carcinoma (Fig 2). In my experience the incidence
of this lesion is about 1 %. I suspect that most

neoplasms classified as primary laryngeal sarcomas

in the past were, in fact, spindle cell squamous car­

cinomas showing multiform features and occasion­
ally an osseous or chondroid metaplasia. Metastases

Fig 2. Spindle cell squamous carci­
noma of larynx (H & E, original
x40). Carcinomatous component is
surrounded by atypical spindle cells.

may consist of epithelial, sarcomatous, or mixed

patterns, and are not less common than those of the
most common squamous cell carcinoma. 19 The first
metastases occur in the cervical lymph nodes,
whereas later distant metastases occur in several or­

gans (eg, lungs, liver, bones, kidneys, heart).
Laryngectomy, either partial or total, appears to

be the treatment of choice. A high recurrence rate is
associated with radiation therapy. The spindle cell
squamous carcinoma cannot be considered a "fa­
vorable" type of tumor.

SMALL CELL CARCINOMA

Small cell carcinoma is an uncommon neuroen­

docrine tumor associated with frequent, early, wide­
spread metastases and a rapid clinical course.

20-22

The most common sites of metastatic spread are the
cervical lymph nodes, liver (Fig 3), lung, bone, and
bone marrow. Metastases to the eNS are rare and

Fig 3. Metastatic deposit in liver of
small cell carcinoma of larynx (H &
E, original x40). Note hyperchro­
matic nuclei.
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Fig 4. Atypical carcinoid tumor of
larynx (H & E, original xlOO). Nu­
clear structure is unlike that of small
cell carcinoma.

occur as a preterminal event. Tumor staging is
therefore mandatory for therapeutic and prognostic
reasons, and also to reveal occult metastases. It
should include the following: chest radiographs,
computed tomography of the lungs, panendoscopy,
bone scintigraphy, liver echotomography, iliac
crest bone marrow aspiration and biopsy, CT of the
brain, and laboratory investigations.

A combination of systemic chemotherapy and ra­

diation therapy appears to offer the least disabling
and most efficacious form of current therapy. 23 Pro­

phylactic cranial irradiation is not indicated. The
survival of patients treated in this way may be sig­
nificantly improved, and some patients may be
cured. 24

The extent of the disease at the time of diagnosis
and the performance status of the patients are the
most important factors in survival. The biologic

characteristics of the neoplastic cells themselves
may playa role in the response to therapy.

CARCINOID TUMORS

Carcinoid tumors are distinguished from other
neoplasms of the larynx by their various histologic
features, histochemical findings of argyrophilic­
and, rarely, argentaffinic granules, and by electron
microscopic demonstration of neurosecretory gran­
ules. I know of about 40 cases of these tumors in the
larynx, of which only five were typical.

Atypical carcinoids (Fig 4), also called neuroen­

docrine carcinomas, usually exhibit aggressive be­
havior and have a poor prognosis. Cervical lymph
node metastases are very common. Other sites of
metastases include skin, subcutaneous tissues, dis­
tant lymph nodes, lungs, mediastinum, bones, liv­
er, heart, and pancreas.

Fig 5. Mucoepidermoid carcinoma
of larynx (H & E, original xlOO).
Tumor shows nests of squamous
epithelium and glandular structures

containing mucous secretion.
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These neoplasms should be treated surgically. 25-27

Usually they are radioresistant. Neck dissection is
indicated, because of the high likelihood of cervical
lymph node metastases.

MUCOEPIDERMOID CARCINOMA

Mucoepidermoid carcinoma is the most common

malignant neoplasm of the laryngeal seromucinous

glands (Fig 5). The tumor may metastasize to the
cervical lymph nodes, and visceral metastases may
also occur, in particular in the lungs. The primary
mode of treatment for these tumors is complete sur­

gical removal of the primary Iesion;" Neck dis­
section would appear justified only if clinically pal­
pable metastases are present at the time of surgery.
These tumors are only moderately responsive to ra­

diotherapy.

ADENOID CYSTIC CARCINOMA

Adenoid cystic carcinoma is a rare neoplasm of

Fig 6. Adenoid cystic carcinoma of
larynx (H & E, original x16). Note
cribriform pattern of tumor.

the larynx (Fig 6), and I have observed only two
cases. The prognosis is better than for common

squamous cell carcinoma or for other adenocarci­
nomas. Acceptable and well-documented cases of
laryngeal adenoid cystic carcinoma with cervical
lymph nodes have not been reported. This neoplasm
has a remarkable capacity for local recurrence and
hematogenous spread, which rarely occurs in laryn­
geal adenoid cystic carcinoma. The lungs, bones,
brain, and liver are the most common sites of viscer­
al metastases." This lesion, therefore, metastasizes
more like a sarcoma than a carcinoma. Metastases
are often a late phenomenon and are often heralded
by severe local recurrences of the primary lesion. A
peculiar feature of this tumor is the great tendency
to show perineural and neural infiltration. The
tumor may be confused with salivary duct carci­
noma (Fig 7), which may produce a pseudocribri­
form pattern. 30

Partial or total laryngectomy remains the treat-

Fig 7. Salivary duct carcinoma of
larynx (H & E, original x40). Note
papillary, cribriform, and comedo
patterns. 'This neoplasm may be misdi­
agnosed as adenoid cystic carcinoma.
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TABLE 1. NECK DISSECTION ACCORDING
TO ONCOTYPE

TABLE 2. MOST COMMON METASTATIC SITES
OF LARYNGEAL EPITHELIAL TUMORS

Neck Dissection

May Be Performed
Histologic Type Metastatic Sites

Laryngeal Epithelial Tumor
Lymph nodes, lungs, liver, bones.

Nonmetastatic behavior
Squamous cell carcinoma

Verrucous squamous cell
carcinoma

Spindle cell squamous
carcinoma

Small cell carcinoma

Atypical carcinoid

Squamous cell carcinoma

Spindle cell squamous carcinoma

Atypical carcinoid

Mucoepidermoid carcinoma

Primary malignant melanoma
Verrucous squamous cell carcinoma

Small cell carcinoma

Adenoid cystic carcinoma

Yes
Yes

Yes

Yes
Yes

No
No

No

Lymph nodes, lungs, liver, bones

Lymph nodes, liver, lungs, bones

Lymph nodes, skin, subcutaneous
tissues, lungs, bones, liver

Lymph nodes, lungs
Lungs, bones, brain, liver

Lymph nodes, bones, lungs, liver

Mucoepidermoid carcinoma

Adenoid cystic carcinoma
Primary malignant

melanoma

ment of choice at present. The presence of lung
metastases need not discourage surgical treatment

of the primary lesion, as single or multiple lung me­

tastases may remain silent even for a decade or

more. Resection of a solitary pulmonary metastasis
may be justified. Neck dissection is not indicated in

laryngeal adenoid cystic carcinoma, because the

neoplasm does not metastasize to the cervical lymph
nodes. Regional lymph node spread by direct local
extension was recorded in these tumors when the
submandibular gland was involved. Radiation ther­

apy may produce temporary regression, but does
not cure the disease ..

carcinoma,38,39 malignant mixed carcinoma;" aci­
nic cell carcinoma;"':" salivary duct carcinoma.s?
and malignant paraganglioma;" Because these tu­
mors are extremely rare and have been segregated
only recently as separate types, we do not know
their biologic behavior.

CONCLUSIONS

The laryngeal epithelia give rise to a wide range
of histologically diverse neoplasms. The different

oncotypes are associated with unpredictable pat­
terns of clinical behavior, and they constitute,
together with other factors, discriminatory el­
ements in the choice of treatment. Their recogni­
tion is of paramount importance, because it influ­
ences the selection of therapy. All patients with la­

ryngeal cancer are often considered wrongly to

have the same disease. In fact, each tumor is a dis­
tinct entity, and treatment depends upon a correct

diagnosis. The oncotype should be considered a

guide to treatment selection. It is understood, for

instance, that the elective treatment for laryngeal
verrucous carcinoma is surgery, whereas the same

treatment may be harmful or ineffective in other tu­

mors. Neck dissection may be performed in some

malignant epithelial tumors of the larynx (Table 1),
whereas it is not indicated in others, such as verru­

cous squamous cell carcinoma and adenoid cystic
carcinoma, in which the neoplasm usually does not

metastasize to cervical lymph nodes (Table 2).
In conclusion, the treatment and the prognosis of

laryngeal cancer depend upon several factors and
cannot be based solely upon the site and extent of
the lesion. The oncotype is an important factor in

deciding on the most suitable and satisfactory treat­

ment. The biologic behavior of each oncotype is dif­
ferent, and the appropriate therapy varies accord­

ingly. Therapy decisions should be made after care­

ful assessment of the morphologic characteristics of
Other malignant tumors have been reported in the lesion and the status of the patients, while bear-

the larynx, ie, lymphoepithelioma.v" giant cell car- ing in mind the lesion's responsiveness to each possi-
cinoma.V':" clear cell carcinoma;" adenosquamous ble therapy.
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PHONATORY AIRFLOW ANALYSIS IN PATIENTS
WITH LARYNGEAL DISEASE

RAYMOND H. COLTON, PHD
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SYRACUSE, NEW YORK

Phonatory airflow was recorded in 150 patients with various laryngeal diseases and in 60 persons with normal voices. All subjects pro­
duced several sustained vowels at different loudness levels. Disturbances of voice due to laryngeal disease may be manifested as variations
of mean flow (DC), alternating flow (AC), or as a variation in the amplitude of the frequency components of the airflow signal (frequency
spectra). The quantification of airflow characteristics is important if the clinician is to have a better understanding of laryngeal disease.
Furthermore, preoperative and postoperative analysis can serve to document therapeutic effectiveness.

KEY WORDS - frequency spectra, laryngeal disease, phonatory airflow.

INTRODUCTION

During normal phonation, airflow is converted
from a steady flow source from the lungs (DC) into
a flow source with a rapidly changing component
(AC) by vocal fold vibration. This flow signal can

be recorded at the oral cavity noninvasively using a

flow meter. As Isshiki et al1,2 proposed, the ratio of
the rapidly changing component to the mean flow
(AC/DC ratio) measured by a constant temperature
hot wire anemometer (CTHWA) may be a good
measure of vocal efficiency. His work in normal and
disordered states has been substantiated by oth­
ers.?" Most often, the presence of a laryngeal disor­
der produces an airflow waveform that shows an in­
crease in turbulence." This variation of airflow
waveform is attributed to the loss of the vocal folds'
ability to sustain periodic vibration. The measure­

ment of phonatory airflow may be a clinically use­

ful tool for analyzing vocal dysfunction and may
lead to a better understanding of laryngeal disor­
ders. Serial measurements may be used to follow
patients undergoing surgery. In this report, phona­
tory airflow and sound pressure were studied in pa­
tients with various laryngeal disorders and com­

pared to those of patients with normal voices. In ad­
dition to a mean flow rate (MFR) analysis, analysis
of the data included estimates of phonatory effi­
ciency (AC/DC ratio) and frequency analysis of the
phonatory airflow waveform.

MATERIAL AND METHODS

Patient Selection. One hundred fifty patients
with laryngeal disorders were selected for study. All
patients had clinically obvious dysphonia and were

examined to identify and confirm the diagnosis. All
patients with paralysis, polyps, or damage due to

trauma were previously untreated. Patients with
laryngitis were all untreated, except for two with

radiation-induced laryngitis. Cancer patients were

studied prior to biopsy, except for two who had
prior biopsy and radiation therapy. If a diagnosis
was changed postoperatively, ie, from chronic
laryngitis to carcinoma, the patient was reassigned
based on disorder criteria. Sixty subjects (30 men

and 30 women) with normal voices in their second,
third, and fourth decades of life served as normal
controls (Table 1).

Equipment Set-up and Calibration. A single chan­
nel constant temperature anemometry unit and
power supply were operated in a linearized mode
(TSI 1054, 1051, 1056, 1055). Calibration of the
probe and unit for linear output was done by the
manufacturer at 0 to 9 m/s (0 to 10 yards/s) for 0 to
10 V of output. The operating temperature was set
at 250°C with a bridge ratio of 5 to 1. With its fre­
quency response set at maximal, a TSI 1210-20
probe was used to record all airflows. Before pa­
tient testing, the system was calibrated using a con­

stant, steady, humidified flow source at 36°C and a

Wright spirometer.
The frequency response of the system was tested

using a sine wave flow source at 512 Hz and 1,024
Hz. Constant flow rates from 30 mLis to 1,000
mL/s (100 mV to 2.2 V) were used at room tempera­
ture combined with oscillating flows, and the fre­
quency response was analyzed using frequency an­

alysis. The frequency response for the system used
was greater than 1 kHz at MFRs above 50 mLis.
Distortion was less than - 40 dB at MFRs above 30
mLis.

The DC voltage from the anemometry circuit is
read off the DC voltmeter (TSI 1051-1) and is de­
fined here as MFR. The AC voltage is read off a root
mean squared voltmeter (Hewlett Packard 400 GL)
and is defined here as fluctuant flow. The AC/DC
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TABLE 1. DATA SUMMARY

Grouping by Disorder

Modal "ee"·
Mean Flow Rate AC/DC Intensity

No. Subiects (DC, ml.ls) Ratio (dB)
M=30 144 .39 78
F=30 ( 58) (.09) (5)
M=10 469 .31 73
F= 7 (271) (.07) (6)
M=14 265 .29 76
F= 18 (100) (.08) (5)
M=16 269 .30 76
F= 10 (120) (.10) (6)
M= 4 327 .28 72
F= 9 (222) (.09) (6)
M= 7 222 .29 75
F=11 (105) (.11) (5)
M=33 155 .38 77
F= 11 (59) (.14) (5)
M=84 276 .30 74
F=66 (174) (.10) (5)

Normal men and women, ages 20 to 50

Unilateral and bilateral paralysis of recurrent laryngeal nerve

Vocal nodules, polyps (unilateral and bilateral)

Carcinoma of glottis, Tl to T4

Postintubation trauma, blunt laryngeal trauma

Acute, chronic, and radiation laryngitis

Other

Total of all disorder groups

"Standard deviations in parentheses.

ratio is calculated based on AC and DC voltage
readings. All voltage readings were converted to
volume velocity using calibration curves established
for each probe.

Patient Recording. The patient was seated com­

fortably in a room with a background noise of less
than 58 dB. A short, disposable rigid paper cylinder
was placed orally to serve as a conduit for phona­
tory airflow and to reduce oral cavity and lip influ­
ences on airflow. The flow transducer was placed at
the level of the lips inside a short cylinder coupled to
the paper tube (radius, 0.9 cm). A condenser micro­

phone (Briiel & Kjaer type 4134) was placed at 20
em away from the lips and led to a measuring amp­
lifier (Briiel & Kjaer type 2610) for recording of
sound pressures. The patient was asked to phonate
the vowel "ee," respectively, at a steady fundamen­
tal frequency, at a very low fundamental frequency
without vocal fry, at a very high fundamental fre­
quency without falsetto, and at the loudest level the
patient could sustain. Each condition was produced
three times. Direct meter readings of the DC, AC,
and decibel values were recorded for each condition
and the average recorded.

Signal Analysis. Digital sampling was carried out
with computers and signal analysis software (Nic-
800

0.6

olet Med-80, IBM-PC) with 12-bit accuracy. Ini­

tially, signal sampling at 15 kHz was done with and
without a low pass filter set at 8 kHz (Krone Hite
3750, 12 dB/octave falloff). This allowed high reso­

lution but a short time window. After the first 100

patients, the signal was also sampled at a I-kHz
sampling rate after band pass filtering from 2 to 500
Hz. This was done because it was found that little
high frequency energy was present above 500 Hz,
and using a lower sampling resolution permitted ac­

quisition of 8 seconds of phonation. Using the data
of 8 seconds of phonation at the I-kHz sampling
rate, the data block was divided into 125-ms epochs
and transformed into a frequency domain. Sixty­
four epochs of sequential power spectra were plot­
ted from the 8-second sample in a compressed spec­
tral array for hard copy record. Total power at each
frequency was then summated to give a graphic
output of the average power spectrum.

RESULTS

Table 1 summarizes the patient groups and statis­
tics for modal "ee" in terms of MFR, AC/DC value,
and decibel output. The results are summarized
below in terms of 1) mean flow, 2) ACIDC ratio,
and 3) frequency analysis for the normal and pa­
tient groups.

Fig 1. Sustained modal "ee" in
normal subjects and patients.
Nml- normal, RLN - recurrent

laryngeal nerve paralysis, Pol­
yp - vocal nodules and polyps,
Ca - carcinoma, Lar - laryngi­
tis, Trma - trauma, Other -

other groups, Path - all patients
with laryngeal disorders. See Ta­
ble 1 for explanation of grouping
by disorder. A) Mean phonatory
airflow. DC - mean flow volume
velocity in mLls. B) AD/DC ratio.
AC - rapidly changing airflow
component produced by vocal fold
vibration, DC - steady flow
source from lungs.
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Fig 2. Modal "ee" for conditions of

easy phonation and loud sustained
phonation for various groups. See
Table 1 for explanation of group­
ing by disorder. A) Mean flow
(DC) versus dB. B) ACIDC ratio.
For definitions, see Fig 1 legend.
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Mean Flow Rates. Figure lA graphically displays
the mean phonatory airflow for the normal subjects
and patients. The values for the normal group
agreed with those reported in the literature on

studies using other transducers.":" In the patient
groups, there were many differences from normal
subjects and from each other. Not unexpectedly,
maximal airflows were seen in paralysis and trauma

patients. This is attributable to poor glottic closure
and leakage. The higher-than-normal MFR in

polyps and cancer patients also agrees well with
previously reported data.7,8,lo The data provide fur­
ther evidence that MFR in patients with laryngitis is
either similiar to that in normal speakers or slightly
elevated." The only group to have little difference
in MFR is the group labeled "other." This is a dis­
parate group that included esophageal speakers and
patients with Blom-Singer valves, partiallaryngec­
tomies, subglottic stenosis, and spasmodic dyspho­
nia. These were included in the "other" group be­
cause of the low number of patients. The combina­
tion of small numbers and large variability may
possibly account for the MFR values recorded.

Figure 2A displays the change in MFR with in­
creased loudness. The MFR rises with increased
loudness" primarily because of the increase of sub­

glottic pressure. Normal subjects and patients both
increase MFR with effort phonation. Maximal loud­
ness is decreased in patients compared to the normal

group, whereas MFR at loud phonation in patients
is elevated compared to that of the normal group.
The slope of increasing MFR with increasing loud­
ness is the same in the 'COntrol group, patients with
polyps, and patients with laryngitis, whereas

groups with paralysis, trauma, or carcinoma
showed a slightly steeper slope. If it can be assumed
that both control and patient groups are using max­

imal input power, MFR during loud "ee" appeared
to be on a continuum from low in normal subjects to

high in patients with recurrent nerve paralysis. A
similar relationship can be seen during production
of modal "ee."

ACIDC Ratio Analysis. Figure lB displays the
AC/DC ratio of the control and patient groups. The

patient groups all had lower than normal ACIDC
ratios. Our AC/DC ratio for the normal group is less

80 90 100
dB dB

than that reported by others," but this may be due
to our usage of an RMS AC voltmeter, which would
be expected to give lower values than a peak-to­
peak AC voltmeter. Whereas AC/DC ratios are sim­
ilar amongdifferent patient groups, AC values were

very large for patients with recurrent laryngeal
nerve paralysis compared to other groups. A possi­
ble explanation is the lack of vocal. fold tension in
this group. This would result in large vibratory
amplitude of the vocal folds during phonation, thus

resulting in increased AC values. A better group
separation between normal and disordered states

may be obtained by plotting the ACIDC ratio ver­

sus decibel output (Fig 2B). For normal subjects, a

higher AC/DC ratio accompanies a louder "ee"
then a modal "ee." The increase of laryngeal effi-

_ciency, as measured by AC/DC ratios, is also seen in
the group with polyps, but not in the groups with
paralysis, trauma, carcinoma, or laryngitis. An in­
crease in laryngeal efficiency at loud "ee" in the
group with.polyps may be due to increased vocal
fold tension, which is used to overcome the loading
of the mass (polyp) on the vibration of the vocal
folds. Such a maneuver may result in vibration of
the normal mucous membrane. In laryngitis, in­
creased inflammatory edema maintains the vocal
folds in a swollen, tense state. Further increases in

input power and vocal fold tension with effort pho­
nation are ineffective in producing better laryngeal
vibration, and no improvement in laryngeal effi­
ciency is seen. The lower AC/DC ratios seen in the
various disorders in this study may be used as an in­
dex of the effectiveness of treatment. In patients
with acute laryngitis but normal MFR, spontaneous
improvement results in improved AC/DC ratios.
Patients with vocal cord polyps may have MFRs
also in the normal range, but may show a decrease
in AC/DC ratios. The ACIDC ratio may become
normal after laser surgery to remove mass lesions.

Although the number of patients studied is small,
patients with spasmodic dysphonia or hyperfunc­
tion seem to have normal to slightly elevated
ACIDC ratios during modal "ee." This finding,
along with their high decibel output for modal
"ee," suggests that these patients are operating to­
ward the high end of their phonatory ability, con­

tributing to vocal fatigue. Further studies using
such an approach may be useful in voice therapy.
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Frequency Analysis. Analysis of the average
power spectrum of the phonatory airflow signal is

presented in Fig 3. It includes a normal subject and
patients with T2 laryngeal carcinoma, bilateral
vocal cord paralysis, and vocal cord polyps. The
spectral array for each of the 125-ms epochs in the
8-second sample for each of the cases is presented in

Fig 4. The normal phonatory airflow signal is
dominated by energy at the fundamental frequency
of vocal fold vibration, with some energy at the first
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Fig 3. Average power spectra for
four subjects. x axis - frequency,
o to 500 Hz, y axis - square root
of power. Note increase in low fre­
quency energy and interharmonic
energy in laryngeal disorder. Se­
vere dysphonia is correlated with
low frequency energy's being
greater than periodic energy. A)
Normal subject, B) patient with
vocal polyps, C) patient with T2
laryngeal carcinoma, D) patient
with vocal cord paralysis.

500

and second harmonics and little interharmonic or

noise energy (Fig 4A). Normal phonatory airflow is

periodic. With laryngeal lesions (Figs 3 and 4B-D) ,

the periodic vibratory capacity of the vocal folds is
disturbed and appears as decreased power at the
fundamental frequency and/or as presence of in­
creased interharmonic energy or increased low fre­
quencyenergy. Low frequency energy is defined as

that energy present in frequencies below the fun­
damental frequency of laryngeal vibration. This
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Fig 4. Compressed spectral arrays. Each line = 125 ms. A) Normal man. Note peak energy at fundamental frequency, stability over
time in amplitude of peak power, and lack of interharmonic energy and low frequency energy. DC = 130 mLls, AC/DC ratio = 0.4.
B) Man with cancer. Note loss of energy at fundamental frequency, elevation of fundamental frequency as patient uses more effort
to phonate, low AC value resulting in flat compressed spectral array plot, and presence of low frequency energy signals. DC = 210
mLls, AC/DC ratio = O.lB. C) Woman with vocal polyp. Note preservation of fundamental frequency of vibration and its har­
monics and presence of low frequency turbulence. DC = 200 mLls, AC/DC ratio = 0.34. D) Man with vocal cord paralysis. Note pa­
tient's maximum phonation time < 4 seconds along z axis, no vocal fold vibration or AC signal during respiration, and large signal
component during phonation because of flaccid vocal fold vibration. DC = 400 mL/s, AC/DC ratio = 0.4.
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Fig 5. Phonatory airflow volume velocity signal sampled at

high frequency resolution (15 kHz) for woman with papil­
loma of larynx. A) Preoperative, B) postoperative.

characteristic presence of wide energy distribution
in mass lesions represents random low frequency
phonatory airflow that contributes to the AC signal
but contributes little to the periodic component of
vocal fold vibration.

The presence of random flow signals that corre­

spond to turbulence in mass lesions may also be an

important aspect of laryngeal function not mea­

sured with AC/DC flow ratios alone. In patients
with advanced carcinoma of the larynx and in pa­
tients with severe glottic insufficiency in which lit­
tle vocal fold vibration is observed, the airflow
spectrum deteriorates to a completely random flow

spectrum in which energy is distributed over all fre­

quencies. This is characteristic of turbulent flow':'

(Figs 3 and 4D).
The recording of airflows before and after Teflon

injection shows restoration of phonatory airflow
vibrations in successful injections. In patients who
underwent surgical excision of mass lesions, return

of laryngeal vocal fold vibration is documented by
increased fundamental frequency and decreased
turbulent energy. Figure 5 is a recording of airflow
in a patient with papilloma of the larynx before and
after surgery. The preoperative airflow signal
shows a small AC component, but a normal to

slightly elevated MFR. There is little periodic ener­

gy. Postoperatively, the vocal folds vibrate normal­
ly, the airflow signal shows a high AC component
that is quasiperiodic, and there is very little air leak­
age. These altered aerodynamic characteristics are

consistent with symptomatic improvement in vocal
ability and voice. Similarly, recordings of patients
who undergo laser cordectomy for small carcinomas

103

of the larynx may have postoperative dysphonia
that is worse than that heard preoperatively. These
patients showed a deterioration of flow spectra
compared to preoperative recordings, as shown by
the presence of increased turbulent flow and
lowered energy at the fundamental frequency of
vocal fold vibration.

Stepwise Discriminant" Analysis. The use of the
classification functions from discriminant analysis
using mean flows (DC) alone as the discriminant
function yielded an 86.7% correct identification of
normal subjects. Correct identification of the pa­
tient group, however, was a poor 49.3%, with an

overall 60.0% correct. The addition of ACIDC
ratio improved discrimination of the patient group
from normal subjects to 77.5 % , with an overall im­

provement in discrimination to 78.8 % (Table 2).
The ability to correctly distinguish between the

various disorders was also tested, using MFR,
AC/DC ratio, and decibel values as

_

discriminant
functions. This analysis yielded poor discriminant
ability among the eight groups, with the best
overall correct identification of 40 % using mean

flow (DC), fluctuant flow (AC), ACIDC ratio, and
decibel values as the discriminant functions.

DISCUSSION

Acoustic analysis of phonation in patients with
laryngeal disorders has been performed by many in­

vestigators.P?" Although such an acoustic approach
may differentiate disorders, it bears only indirectly
on laryngeal pathophysiology. Investigators of
vocal fold vibratory capability have used techniques
such as stroboscopy, high speed motion pictures,
electroglottography, photoglottography, and in­
verse filtering of pressure waveforms. All have some

limitations and advantages. To decide on a clinical­
ly useful instrument for assessment of laryngeal
function, the criteria discussed by Kakita" may be
useful: 1) the method of measurement should be
noninvasive, 2) the method should measure ob­
served quantities that reflect some aspect of glottal
function, and 3) the basis of measurement should be
clear as a physical entity. The method must be reli­
able and repeatable and should require little adjust­
ment on the part of the operator. The use of a

CTHWA for metering airflow at the oral cavity sat­
isfies many of the above criteria.

TABLE 2. STEPWISE DISCRIMINANT ANALYSIS

Normal Disordered Normal

Variable: Variable:
Mean flow (DC) 0.00629 0.01205 Mean flow (DC) 0.00617

ACIDC ratio 43.45730

Constant - 1.147 - 2.357 Constant - 9.511

% Correct 86.7 49.3 % Correct 87.7

Disordered

0.01264
33.06190

7.380

77.5

Total (%) 60.0 Total (%) 78.8

Stepwise discriminant analysis was carried out using BMDP program P7M to. calculate functions to. discriminate between normal and disordered phona­
tory airflows using mean flow (DC), and mean flow (DC) plus ACIDC ratio. as the available variables.
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Nonmodulated Flow

(DC leakage)
Fluctuant Flow (AC/DC)

Fig 6. Schema for phonatory air­
flow analysis.

Periodic Flow

Signal
(energy of fundamental

frequency and its harmonics)

With improvements in the frequency response of
the CTHWA, the' rapid component of phonatory
airflow due to vibration of the vocal folds can be
measured using an AC meter. With the advent of

inexpensive computers, it is easier to perform fre­

quency analysis of the airflow signal. As each level
of analysis has become practical, it seems to help
separate the normal from disordered groups (Fig 6) .

This has resulted in better quantifiable parameters
for assessment of laryngeal function. Laryngeal
control of phonatory airflow may be thought of as

having two components that make up MFRs: 1)
flow that passes through the glottis unmodulated
and 2) flow that is fluctuant because of vocal fold
vibration (AC). In addition, it is possible to analyze
the fluctuant component of the flow signal using
frequency analysis to assess laryngeal vibratory
function . We find that the normal phonatory air­
flow signal has typical spectral properties that are

restricted to frequencies below 1 kHz. The spectral
energy is dominated by the fundamental frequency
component of laryngeal vibration and its first three
to four harmonics. Disturbance of the airflow signal
seems to correspond well to qualitative assessment
of laryngeal vibratory capability using laryngo­
scopy or laryngostroboscopy. In order to arrive at
an estimate of aerodynamic power during phona­
tion, it would be necessary to record both flow and
subglottic pressure", we did not measure subglottic
pressure in this study. Realistically, it is difficult to
obtain these measurements in a clinically noninva­
sive way, although data have been collected experi- -

_

mentally. 19 Despite not being able to measure aero­

dynamic power, the measurement and analysis of
the airflow alone have been useful.

Mean flow measurements give little indication of
the laryngeal efficiency of flow conversion from DC
to AC flow. The AC/DC ratio serves as a convenient
means to judge the extent to which airflow is mod­
ulated by the larynx. If laryngeal disorder results in
flow leakage, the AC/DC ratio is decreased because
of an elevated DC value. If the larynx's vibratory
ability is diminished because of inflammation or

mass loading, the decrease in the AC component

Turbulent
Flow Signal

(low frequency,
interharmonic energy)

may be the primary contributor to a decreased
AC/DC ratio. Combination changes can occur;
however, with laryngeal lesions that result in dys­
phonia, a decreased AC/DC ratio is seen. By the
measurement of AC and DC values, it can be deter­
mined if decreased vocal efficiency is due to ex­

cessive DC leakage, decreased laryngeal vibration,
or both. The analysis of the AC signal using fre­
quency analysis helps to further differentiate the
vocal folds' vibratory capacity. In normal voices,.
airflow energy is largely limited to the fundamental
frequency of vocal fold vibration and its first few
harmonics. With laryngeal lesions, the quasiperiod­
ic waveform is disturbed and changed to a more

random, turbulent flow pattern.
Because the recording is done at the level of the

oral cavity, tongue and pharyngeal oscillations dur­
ing sustained phonation will affect the flow signal.
These contributors, however, are of low frequency
and may be removed through filtering of the air­
flow signal.

The advantages of airflow analysis in the clinical
applications has been primarily demonstrated in
two areas. One is in better understanding of under­
lying pathophysiology and the other is in serial
recordings of patients undergoing therapy. Analysis
of airflow using the above criteria helps to deter­
mine if the pathophysiology of phonatory airflow is
due to problems with vibration, laryngeal efficien­
cy, or MFR. The calculation of periodic energy in

relationship to noise or nonperiodic energy may
help to better differentiate a rough quality of voice
from other qualities such as breathiness, aperi­
odicity, and hyperfunction. Further correlation of
the airflow signal to the quality of sound is needed.
In patients undergoing laryngeal microsurgery, an­

alysis of airflow has helped to clarify changes in la­
ryngeal function due to surgery. In patients with re­

current laryngeal nerve paralysis who are hoarse
despite "adequate" injection of Teflon, analysis of
their airflow may help to differentiate a voice prob­
lem due to overinjection from one due to underin­
jection. In our limited experience, overinjection re­

sults in a stiff vocal fold that is unable to vibrate de-
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spite normal MFRs, whereas underinjection results
in high DC flow rates. Patients with severe Reinke's
edema and polyps who undergo bilateral vocal cord

polypectomy often demonstrate a better voice by
their ability to increase their fundamental frequen­
cy because of the decrease in vocal fold mass; how­
ever, the cost of the surgical procedure is frequently
some aperiodicity and increased turbulence in the
flow signal. In laryngeal carcinoma, progressive fix­
ation of the larynx is associated with deterioration
of the flow signal from a periodic flow signal to a

random turbulent flow signal. It is our impression
that signal properties of airflow are the first to

change, followed by changes in the AC/DC ratios

and, finally, MFR. Whether this observation can be
used to clinical advantage in assessment of laryn­
geal function in carcinoma has yet to be demon­
strated.

If analysis of phonatory airflow is to be useful to

the clinician, improvements must be made in the
ability to distinguish normal from disordered
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voices. In our series, using MFR as the only criteri­
on yielded a poor 60 % overall correct classification.
The addition of a single AC/DC ratio improved cor­

rect identification to 78.8 %. This method, how­
ever, is still inadequate if it is to be useful of and by
itself. Improvements in predictive value may reside
in further analysis of the airflow data in terms of
frequency components. One possible addition for
achieving better separation may be to analyze the
airflow signal for the periodic-to-noise signal ratio

using spectrum analysis. Efforts to identify possible
parameters to use are being made in our institution.

In summary, the phonatory airflow signal may
be useful in the clinical assessment of laryngeal
function. This study proposes three levels of analysis
for phonatory airflow. These are 1) mean flow
(DC), 2) flow efficiency (AC/DC) , and 3) frequency
analysis of the phonatory airflow. The combined
analysis of all of the above has been useful in the
study of laryngeal dysfunction. More specific clini­
cal applications await further study.
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LASER RESECTION FOR EARLY ORAL CAVITY CANCER

RESULTS AND COMPLICATIONS

MATTHEW J. NAGORSKY, MD
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Laser excision of early selected cancers of the oral cavity and pharynx is a well accepted and reported treatment. Postoperative radia­
tion therapy is employed in patients with unfavorable pathologic findings and in patients expected to have a high recurrence and
metastatic rate. In most patients the combination of laser excision and postoperative radiation therapy is well tolerated and results in

satisfactory healing, excellent tumor control, and high-level posttreatment function. This report discusses the treatment and results in 28

patients treated for early cancer of the oral cavity and pharynx. The local control rate of 77 % compares favorably with the reported results
following either conventional or laser excision of these lesions. The overall complication rate was 39 % , with a 25 % rate for patients not

receiving postoperative radiation therapy, and a 58 % complication rate for patients treated with postoperative radiation.

KEY WORDS - carbon dioxide laser excision, oral cavity, pharynx.

INTRODUCTION

The introduction of laser laryngeal surgery by
I Strong and Jako in 19721 created a new technology

for the head and neck surgeon. Since that initial ar­

ticle, the carbon dioxide laser has found increased
usage for treating head and neck tumors including
the transoral excision of carcinoma. In 1979 Strong
et all reported their experience with 57 such resec­

tions. They concluded that laser excision of local­
ized oral cavity carcinoma was a practical, sound
method of treatment producing acceptable cure

rates with few complications and low morbidity.
Additional investigators':" have corroborated these
results. They have reported local control rates of
60 % to 80 % and noted that this was comparable to

control following conventional surgery and radia­
tion. It has been claimed that excision with the la­
ser, including the resection of periosteum, results in
wounds that heal quickly without the need for pri­
mary closure or reconstruction. 2,4.5

The laser has been used classically for the wide
local excision of small superficial cancers, including
early recurrent or persistent tumors, in various oral

cavity sites. It has been claimed that the general ad­

vantage of the laser is that its meticulous and pre­
cise use under microscopic control results in mini­
mal operative blood loss and few' complications.
The trarisoral approach precludes the need for a

transcutaneous neck approach. The use of the mi­

croscope theoretically allows for increased local
control by decreasing positivesurgical margins in a

group of patients where resection margins are a ma­

jor issue. The laser is used as a cutting tool for the
resection and not for destruction or vaporization of
the lesion and a pathology specimen always is avail­
able for examination.

The specifically claimed advantage of using the
laser in treating oral cavity cancer concerns patients
with lesions overlying the mandible. These lesions
include small primary tumors involving the mucosa

over the edentulous mandible and tumors with sec­

ondary extension to the mandibular surface from
the floor of the mouth, retromolar trigone, anterior
tonsillar pillar, soft palate, and buccal mucosa.

These lesions, including periosteum, presumably
could be excised widely. According to the litera­
ture, these wounds would heal spontaneously, leav­

ing the mandible intact, without the necessity of
complicated primary closure with local or distant

flaps.
In order to see the results of laser treatment of

early oral cavity cancer, a series of patients treated
with laser resection is reported.

MATERIAL AND METHODS

From 1981 through 1985, 28 patients with oral

cavity epidermoid cancer were treated with a total
of 31 transoral laser excisions. Patient ages ranged
from 43 to 83 years with a mean age of 64 years.
There were 12 men and 16 women. These patients
had 22 primary cancers and nine recurrent tumors

involving various oral cavity sites (Table 1). Nine

patients with recurrent tumors had been treated
previously: conventional surgery (four), radiation
therapy (three), or combined surgery and radiation
(two). The staging of these lesions according to the
American Joint Committee on Cancer" is shown in
Table 2. None of the patients had any regional or

distant metastasis at the time of initial laser re­

section.

The treatment of these cancer patients was con-
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TABLE l. SITE OF LESION
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TABLE 2. SITE OF LESION BY TUMOR STAGE

Primary Recurrence Total

Tongue 6 6 12

Buccal mucosa 2 1 3
Retromolar trigone 2 1 3

Floor of mouth 8* 1 9
Palate 2t 2

Alveolus 2t 2

Total 22 9 31

*Includes two second primary lesions.

[Includes one second primary lesion.

ventional in that following wide local excision of
the tumors, postoperative radiation was given un­

der certain conditions. These conditions included

pathology specimens showing tumor invasion of
blood vessels or lymphatics or tumors recurrent at

the time of excision. Specific patients with micro­

scopic tumors at the burn margins of the pathology
specimens were treated with postoperative radia­
tion. In most patients, therapy consisted of external
beam treatments of 5,000 to 6,000 rad if prior
radiation had not been given. In those patients who
had received prior irradiation, iridium 192 in­
terstitial implants were performed delivering up to

5,000 rad. One patient with a recurrent T2 floor of
mouth cancer was treated with a primary cesium

implant delivering 6,500 rad, followed by laser ex­

cision.

The laser excisions were accomplished using a

50-W power setting delivered continuously by a

Cavitron C02 laser mounted on an operating mi­

croscope. If the tumor appeared fixed superficially
to the mandible then an appropriate portion of the
mandible was excised en bloc using a high-speed air
drill. A minimum margin of 2 em of uninvolved
oral cavity tissue was excised around the lesion.
This margin was initially marked with methylene
blue using a 2-cm cut plastic measuring stick.' Larg­
er margins were taken if tumor became apparent
under the operating microscope. For questionable
margins, frozen sections of the remaining oral cavi­

ty resection defect were taken at the operating ta­

ble, and more tissue was excised where appropriate.
The laser was used as a cutting tool and no lesion
was destroyed or vaporized. Hemostasis was accom­

plished with laser coagulation, electrocautery, or

suture ligature. Specimens were sent to the patholo­
gy department for examination in all patients. Two
of 31 operative wounds were closed primarily with
chromic sutures. All other wounds were allowed to

heal spontaneously.
All patients were followed for a minimum of 2

years and no patients were lost to follow-up. They
were evaluated for tumor control, healing status in­

cluding fibrosis, ulceration, necrosis, or exposed
mandible, and speech and deglutition function.

RESULTS

All patients tolerated the operative procedure
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Tl T2

Tongue 7 4

Buccal mucosa 2

Retromolar trigone 3
Floor of mouth 5 3

Palate 1

Alveolus

Total 13 14

No T4 lesions were found.

T3 Total

1 12

1 3
3

9
2

2

4 31

well without the need for tracheotomy, transfusion,
or prolonged hospitalization. The only operative
laser mishap consisted of a I-mm lip burn, which
healed without permanent residual injury. One pa­
tient required operative suture ligation of a

bleeding artery on the mobile tongue on the sixth
postoperative day.
TUMOR CONTROL

Local Control. Local control of cancer was

achieved following 24 (77 %) of the 31 laser exci­
sions. Table 3 indicates 81 % local control of tumor
in previously untreated patients treated for primary
cancer of the oral cavity. Table 3 also shows 67 %
local control of tumors in previously treated pa­
tients with recurrent cancer of the oral cavity.

Regional Control. None of the patients presented
with regional nodal metastasis. Four patients, all
with tongue primary lesions, developed subsequent
neck nodal disease an average of 6 months following
initial treatment. One of these patients (T2 tongue
cancer) was salvaged with a radical neck dissection
5 months after initial laser excision and presently
shows no evidence of disease more than 5 years after
treatment. The other three patients with nodal dis­
ease died an average of 21 months after primary
treatment despite all conventional measures.

SURGICAL MARGINS

Histopathologic examinations of the resected
specimens revealed cancer at one or more margins
in 12 of the 31 excisions (39 %). Positive margins
were noted in specimens from the floor of the
mouth (four), tongue (six), and retromolar trigone
(two). Nine of these patients (75 %) have shown no

evidence of disease following either careful follow­
up (no further treatment), another laser resection,
or postoperative radiation therapy. Eight patients
with positive margins were treated with postopera­
tive radiation therapy. Five of these patients have
achieved long-term control. Three patients with

positive margins in the initial specimen (Tl tongue
[one], T3 tongue [one], and T3 floor of mouth [one])
developed locally recurrent cancer despite postop­
erative radiation therapy and died of disease an av­

erage of 17 months following laser excision. Four

patients with positive margins were followed closely
without receiving any further therapy. Three of
these patients (Tl tongue [two], T2 floor of mouth

[one]) have shown no evidence of disease. The
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TABLE 3. LOCAL CONTROL BY SITE

Laser Resection Laser Resection and Postoperative Radiation
Control Failure Total ControlFailure Total ControlSite Control

Previously untreated carcinoma (n = 22)
Tongue" 1 2* 2/3

Buccal mucosa

Retromolar trigone
Floor of mouth 5 5/5

Palate 2 2/2

Alveolus 2t 2/2

Total 10 2 11112

Recurrent carcinoma (n = 9)
Tongue 3 1 3/4
Buccal mucosa 1 0/1

Retromolar trigone 1 111
Floor of mouth 1 111

Total 5 2 5/7

"One patient (Tl anterior tongue) salvaged with second laser excision.

[One patient died of local disease at second primary site following laser excision.

1

2
2
2

2 113
2/2
2/2
2/31

7 3 7/10

1 1 1/2

1 1/21

fourth patient (T1 tongue) developed locally recur­

rent tumor and is now free of disease after a repeat
laser excision.

COMPLICATIONS

Eleven patients (39 % ) suffered a total of 17 com­

plications necessitating 31 additional operative pro­
cedures and three courses of hyperbaric oxygen
treatment. Exposed mandible (six) and trismus

(three) often resulted in severe disability. Other

complications included nonhealing ulcer/necrosis
(five), orocutaneous fistula (two), and nasopharyn­
geal stenosis (one). Table 4 indicates the complica­
tions by site in relation to postoperative radiation

therapy. Of the 16 patients who did not receive

postoperative radiation therapy, four (25 %) had a

serious complication while seven (58 %) of 12 pa­
tients who had postoperative radiation experienced
a severe complication.

Exposed Mandible. Six patients had an exposed
section of mandible for at least 4 months following
laser excision of lesions of the tongue (three), floor
of the mouth (two), and retromolar trigone (one).
Three patients in this group did not have postopera­
tive radiation. One developed local recurrence 13
months after initial resection and died of disease.
The other two patients responded to office debride­
ment of the local wound and are healed and free of
disease. The three patients with exposed mandible
who received radiation therapy developed osteo­
necrosis of that portion of the mandible. Two of
these patients developed small orocutaneous fis­
tulas. They required excision of a portion of the
mandible and complex wound closure with multi­
staged local and distant flaps. The third patient
with osteonecrosis was treated with multiple de­
bridements and hyperbaric oxygen and finally
healed. She recently had reconstruction of the area

with a scapular microvascular free flap. All of the
five survivors have had no recurrent disease and are

healed; eating by mouth, and talking satisfactorily.

Ulceration and Necrosis. Five patients had persis­
tent ulceration and necrosis lasting more than 4
months following laser excision of cancer of the
floor of the mouth (three), tongue (one), and buccal
mucosa (one). Four patients with this problem had
received postoperative radiation therapy. Three of
these five patients healed spontaneously over a

10-month period. One patient developed necrosis in
the infratemporal fossa necessitating debridement
via a Caldwell-Luc approach and healed after hy­
perbaric oxygen treatments. The final patient in
this group had an ulcerated area that progressed to

exposed mandible before the completion of radia­
tion therapy and to osteonecrosis requiring partial
mandibulectomy and complex flap closure,

Trismus and Ankylosis. Three patients developed
debilitating trismus and some degree of mandibular
ankylosis following laser excision of a surface lesion
of the buccal mucosa (two) or retromolar trigone
(one). All had received postoperative radiation
therapy and their mandibles were intact. All three
of these patients have been cured of cancer for a

long time. None can chew or wear dentures. All
three can speak and' swallow satisfactorily and are

TABLE 4. COMPLICATIONS BY SITE AS INFLUENCED BY
POSTOPERATIVE RADIATION THERAPY

No

Post�erative Post�erativeRa iation Ra iation
Therapy Therapy

No. Pts With No. Pts With
Site Com1!.lications Com1!.lications Total

Tongue 2/5 115 3/10
Buccal mucosa 2/2 0/1 2/3
Retromolar trigone 1/2 0/1 1/3
Floor of mouth 2/3 3/6* 5/9
Palate 112* 1/2
Alveolus 0/2 0/2

Total 7/12 4/16 11128
(58%) (25%) (39%)

"One patient with two separate primary lesions had complication fol-
lowing treatment at each site.
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maintaining their weight. One patient (retromolar
trigone primary lesion) has healed after local de­
bridement and hyperbaric oxygen treatment and
has temporomandibular joint ankylosis with mini­
mal movement and an intraincisor opening of 22
mm. A second patient (buccal mucosa primary le­

sion) underwent unsuccessful gap arthroplasty and

presently has very painful trismus with an intrain­
cisor opening of 9 mm. The third patient developed
severe wound breakdown with fistula and osteone­

crosis following elective intraoral excision of the
coronoid process for her trismus. She required hy­
perbaric oxygen treatments, multiple transoral de­
bridements, and eventually hemimandibulectomy.
She still has painful trismus on the opposite side as

well as ipsilateral pain and is unable to chew.

Nasopharyngeal Stenosis. Nasopharyngeal steno­

sis developed in one patient following full-thickness
laser resection of an uvula-soft palate cancer. The

posterior wall was not incised by the laser and the
stenosis was from the lateral bands. Operative cor­

rection on two separate occasions has resolved the

problem without permanent residual injury.

DISCUSSION

Use of the laser has become popular for the trans­

oral excision of oral cavity cancers. For selected,
favorable, small, superficial lesions, resection with
the laser as a cutting tool should result in little or no

blood loss and minimal morbidity. Use of the micro­

scope with the laser results in an increase in opera­
tive time to do the resection. There are no data to

suggest, however, that there is any increase in mor­

bidity related to this. It is important to state that
the C02 laser is not a treatment modality itself, but
rather a valuable tool to aid in the treatment of
these tumors.

Patients in this series had superficial cancer of the
oral cavity that was accessible for laser excision. Not
all patients had extremely small lesions. Many of
the tumors were T2 and some were superficial T3.
The local control rate of 77 % compares favorably
with the reported results following either conven­

tional or laser excision of these lesions. Patients with
primary lesions demonstrated a local control rate of
81 % while laser excision of recurrent lesions re­

sulted in a 67 % local control rate.

None of the patients in the series had neck disease
at the time they were initially treated. The only pa­
tients to develop subsequent neck metastasis had
primary tongue cancer origin. One patient devel­
oped neck nodal metastasis without local recur­

rence. The other three patients developed both local
and neck nodal disease.

The issue of positive burn margins in laser-re­
sected patients remains unclear. The question is
whether or not to treat all patients with positive re­

section margins with postoperative radiation thera-
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py. The overall positive margin rate of 39 % cer­

tainly indicates that 2-cm gross margins are not ade­
quate to encompass all microscopic margins in these
patients. It is apparent that lesions involving the
floor of the mouth, tongue, and retromolar trigone
require larger margins. The use of frozen sections at
the operating table has not been entirely helpful in

obtaining negative margins. Perhaps more frozen
sections or Moh's technique should be done in this
regard. Some reliable patients with positive mar­

gins from resected lesions that are pathologically fa­
vorable and whose tumor defect is easily accessible
for examination may be followed expectantly.
These patients may be spared the added morbidity
of radiation therapy or an additional operative pro­
cedure.

A specific advantage of using the laser for resec­

tion of these tumors is that the removal of lesions
over the mandible, including the excision of man­

dibular periosteum, is reported to heal primarily
without difficult or debilitating reconstruction.
Some patients in this series did heal in this manner.

When prompt primary healing did not occur, how­
ever, the results were especially catastrophic. All
three patients with exposed mandible given postop­
erative radiation developed severe osteonecrosis.

Another claimed specific advantage of using the
laser is that the mandible can be left intact even

when treating small superficial cancers of the buc­
cal "mucosa and retromolar trigone overlying the
mandible. This series has shown that dissection of
tumor from over the pterygoid muscles in patients
with intact mandibles who are then given postoper­
ative radiation results in the particularly incapac­
itating problems of painful trismus and ankylosis of
the mandible. None of these patients can chew or

wear dentures. Therapy for this posttreatment con­

dition remains problematic.
CONCLUSIONS

Based on our study of this group of patients, the

following conclusions are made. Transorallaser ex­

cision of small, superficial, accessible cancers of the
oral cavity results in satisfactory tumor control.
Greater than 2 em of gross-cut tumor margin may
be necessary to obtain microsurgically clear mar­

gins in treating tumors of the tongue, floor of the
mouth, and retromolar trigone. Most patients with

tongue tumors should have postoperative radiation
to the neck because of the probability of neck nodal
disease. All patients with nonhealing ulcers or ex­

posed mandible should be treated aggressively with
full-thickness reconstructive coverage prior to

radiation therapy. Painful trismus and ankylosis
may be unavoidable in patients with an intact man­

dible who have had dissection over the pterygoid
musculature and postoperative radiation therapy.
The treatment of this latter condition remains a dif­
ficult problem without any clearly optimal treat­

ment.
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MANAGEMENT OF PATIENTS WITH LONG-TERM TRACHEOTOMIES
AND ASPIRATION
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The purpose of this study was to develop a management protocol for patients with long-term tracheotomies and aspiration, in order to

develop clinical criteria for extubation and reduction of aspiration-related complications. We studied 39 patients with tracheotomies in

place for over 3 months, 28 of whom completed management. Patients were classified according to degree of impairment and managed
with the aims of avoiding aspiration and performing extubation whenever feasible. Criteria for choosing various management strategies
are presented.

KEY WORDS - aspiration, gastrostomy tube, nasogastric tube, tracheotomy.

INTRODUCTION

It is not unusual for an otolaryngologist to be faced
with the problem of managing a neurologically im­

paired patient with a tracheotomy and nasogastric
tube. He or she must face the clinical questions of
whether the patient can be extubated and how a

tendency toward aspiration can be managed.
The process of normal deglutition is complex, re­

quiring a high degree of integration of sensory and
motor functions. It involves four basic stages: 1)
velopharyngeal closure to prevent nasal reflux, 2)
pharyngeal peristalsis to propel the bolus into the
pharynx, 3) airway protection by elevation and
closure of the larynx, and 4) cricopharyngeal or up­
per esophageal sphincter relaxation to allow pas­
sage of the bolus.

The patient with brain stem or major cerebrocor­
tical injuries often is left with various neurologic de­
fects. Superimposed on these deficits are the direct
effects of tracheotomy and nasogastric tubes. Tra­

cheotomy tube effects include impairment of laryn­
geal elevation during deglutition and decompres­
sion of the normal subglottic pressure maintained
during swallowing, resulting in an increased risk of

aspiration. 1,2 Nasogastric tubes contribute to aspira­
tion locally, by direct effects on the cricoid cartilage
and the cricopharyngeus muscle, or distally, by in­
terference with the normal function of the lower
esophageal sphincter allowing reflux of gastric con­

tents."?"

The Queen Elizabeth Hospital is a major institu­
tion providing rehabilitation and chronic care in

metropolitan Toronto. A significant proportion of
the patients in this institution suffer from a variety
of neurologic and other physical impairments.

Some of these patients have received severe neuro­

logic insults and present with a tracheotomy and

nasogastric feeding tube as the end stage of acute

care management. We intended to develop a man­

agement protocol for such patients, with the aim of

developing clinical criteria for extubation and re­

duction of aspiration-related complications.

METHODS

From July 1984 to July 1986, 39 patients were

identified who had had a tracheotomy in place for
more than 3 months. No other criteria were used for

patient selection. Patients were assessed clinically
with a detailed history including documentation of

airway-related complications, eg, pneumonia, he­

moptysis, stomal infection. Physical examination
included a detailed neurologic examination, flexible

nasolaryngoscopy, and limited bronchoscopy. Spe­
cial radiologic investigations of dynamic aerodiges­
tive function were used infrequently, as the general
state and neurologic status of the patients would not

allow an adequate study.
Patient assessment was based primarily on the

findings at nasolaryngoscopy, with particular em­

phasis placed on degree of aspiration, laryngeal
protective function, and sensation. Aspiration was

graded as absent when no aspiration was seen at

nasolaryngoscopy, mild when small amounts of

pharyngeal contents intermittently penetrated the

larynx, moderate when greater volumes of pha­
ryngeal contents persistently penetrated the larynx,
and severe when there was free flow of pharyngeal
contents into the airway. Laryngeal protective
function was assessed as normal when closure and
elevation were normal, near normal when the glot­
tis did not close completely but coordinated motor
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Tracheotomy
patient

activity was observed during the normal phase of
deglutition, abnormal when the glottis closed in­

completely and out of sequence with normal deglu­
tition, and no function when no glottic activity was

observed. In the final category, most patients main­
tained the glottis in full abduction with little or no

observed movement. Glottic sensation was observed
as present or absent based on the patient's response
to mucosal stimulation with the flexible nasopha­
ryngoscope. Basic demographic information was re­

trieved regarding age, sex, and principal neurologic
diagnosis.

A management protocol was developed on an em­

piric basis from early observations of a small num­

ber of patients and a review of the literature. In de.,.
veloping the protocol, we assumed that 1) nasogas­
tric tubes are a significant risk factor for aspiration
and 2) extubation is a desirable end point in patient
management. The protocol, outlined in Fig 1, is
based on an initial evaluation of aspiration, with
patients divided into two large groups, those with
no or mild aspiration (group A) and those with
moderate to severe aspiration (group B).

Group A patients are fed either orally or by naso­

gastric tube. Those fed orally with normal laryn­
geal function are extubated, provided there are no

medical contraindications. Those patients fed by
nasogastric tube undergo placement of a percutane­
ous gastrostomy tube and are considered for extuba­
tion provided there are no medical contraindica­
tions. Patients with laryngeal stenosis or airway
problems that would preclude extubation are re­

ferred for surgical correction and subsequently re­

considered for extubation.

Group B patients are fed by either nasogastric or

Fig 1. Management protocol.

percutaneous gastrostomy tube at presentation. For
those patients with nasogastric tubes, feeding by
gastrostomy tubes is tried, and all patients are re­

evaluated and based on laryngeal function divided
into two groups. Group Bl patients are those with
abnormal protective function, and group B2 pa­
tients are those with no laryngeal protective func­
tion. Patients in group B are unlikely to have nor­

mal or near-normal glottic function because of the
severe nature of their neurologic injuries. Group B2

patients, because of their high risk for aspiration­
related complications, are referred for surgical clos­
ure of the larynx by a modification of the technique
described by Baron and Dedo. 11 Group Bl patients
without laryngeal sensation are referred for surgical
laryngeal closure, and those with sensation are con­

sidered for extubation provided there are no medi­
calor airway-related contraindications. Should the
latter group fail extubation, ie, require repeat
tracheotomy, laryngeal closure is considered.

Results at the end of this 2-year study are re­

ported in an incomplete form, as only 28 of the 39
patients completed management. The families of
five patients either did not wish further interven­
tion or preferred to defer a decision on manage­
ment, and six patients had not completed the pro­
tocol at the completion of the study. Follow-up of
patients ranged from 3 months to 2 years.

RESULTS

In the group of patients reviewed, 18 were men

and ten were women. Their ages ranged from 24 to

71 years, with a mean of 45 years (Fig 2). Principal
neurologic diagnoses of the original 39 patients are

listed in Table 1. Trauma and cerebrovascular dis­
orders predominate.
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Number
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Fig 2. Ages of 28 patients reviewed. Range is 24 to 71
years, mean is 45. Light bars - men, dark bars - women.

There were 18 patients in group A. Results for
this group are presented in Table 2, which shows
that 14 of the 18 patients have been extubated with­
out complication. One patient with quadriparesis
at the C-3 level requires nocturnal ventilation and
did not undergo extubation. Three patients have
not tolerated attempts at extubation: one has per­
sisting subglottic stenosis; one has pulmonary com­

plications as a result of aspiration, and one has had
more severe aspiration since a laryngoplasty was

performed to improve the airway. Four of the 18
patients in this group receive all nutrition orally,
and the remainder are fed by gastrostomy tube.

Ten patients were -in group B (Table 3); five of
these were subclassified into group Bl and five into

group B2. Two of the patients in group Bl were ex­

tubated following placement of a percutaneous
feeding gastrostomy tube and have had no com­

plications, and one patient died of pneumonia 6
months after extubation. One patient with a severe

seizure disorder requires a tracheotomy for airway
protection during seizures, and the last patient un­

derwent laryngeal closure without complications.
Four of the five patients in group B2 have under­

gone laryngeal closure. One of the four died as a

result of underlying disease, and the other three pa­
tients are functioning well. One patient is a poor
surgical risk and remains tracheotomized.

DISCUSSION

This study presents and evaluates an approach to

TABLE 1. NEUROLOGIC DIAGNOSES (N = 39)
No. Patients

Intracerebral hemorrhage
Cerebral contusion

Anoxic brain injury
Subdural hematoma

Quadriparesis
Tuberculous meningitis
Cerebellar degeneration
Epilepsy

13

9
7
5
2

TABLE 2. RESULTS FOR GROUP A PATIENTS (N = 18)
No. Patients

Extubation
No or failed extubation
Oral intake

Gastrostomy tube

14

4*

14
4

"One patient requires nocturnal ventilation, one has subglottic stenosis,
two failed because of aspiration.

the management of the chronically neurologically
disabled patient with a long-term tracheotomy and
nasogastric tube with or without aspiration.

The patients reviewed in this paper for the most

part were severely disabled and required intensive

nursing management, with many in a permanent
vegetative state. One might wonder what purpose
such an assessment of chronically disabled patients
would achieve. It was hoped that this evaluation
would produce a clinical protocol for management
of chronic aspiration and define criteria for under­
taking extubation. These aims were based on the as­

sumption that decreasing the severity and frequen­
cy of aspiration, and removal of tracheotomies in

patients who could function without them, would
improve the quality of life for the patient and de­
crease the intensity of nursing care. Also, it was

hoped that the knowledge gained in this evaluation
might benefit those with less profound neurologic
injuries.

The type of patients reviewed in this study pre­
sented difficulties in examination by routine clinical
laryngologic techniques, as most were unable to

cooperate or were in a fixed supine position. The
use of the flexible fiberoptic nasopharyngoscope
greatly facilitated the evaluation of such patients,
as the larynx could be viewed from above or below
and the amount of aspiration and quality of laryn­
geal function could be assessed. The grading scales
developed for nasopharyngoscopic evaluation of as­

piration and laryngeal function are obviously im­

perfect, as a certain amount of subjective evalua­
tion is required for this grading. We were aware of
this problem, but did not feel that any other system
would produce a simple and relatively reproducible
method of evaluation.

Based on our early experience with a small
number of patients, it became apparent that pa­
tients could be divided into two large groups, those
with mild to no aspiration and those with moderate

TABLE 3. RESULTS FOR GROUP B PATIENTS (N = 10)
Bl B2

Extubation 2 0

Laryngeal closure 4

No or failed extubation 2* It
Oral intake 1 0

Gastrostomy tube 4 5
• One patient died of aspiration pneumonia; one with seizure disorder
requires airway protection.

[Poor surgical risk.



114 Gilbert et al, Long- Term Tracheotomy Management

to severe aspiration. The former group most often
have normal or near-normal laryngeal function,
and once the local influences of the nasogastric tube
have been removed by either tube removal or place­
ment 'of a permanent gastrostomy tube, then the

majority of these patients may be extubated.

Patients with moderate to severe aspiration pre­
sent a more difficult challenge, as many have
minimal laryngeal protective function and little

glottic or supraglottic sensation and have had
numerous aspiration-related complications. Gen­

erally these patients are vegetative, with no poten­
tial for verbal communication, and in the majority
of cases require intensive pulmonary toilet. It is our

view that all patients in this group should be con­

sidered for placement of feeding gastrostomy tubes
as the initial step in management. Those patients
with laryngeal sensation and a degree of laryngeal
motor function should be considered subsequently
for a trial of extubation, as they may have adequate
protective laryngeal reflexes. Those patients who
fail extubation, and patients with little or no

laryngeal function, in our view are managed best

surgically by the technique of subglottic laryngeal
closure.

The technique of subglottic laryngeal closure ad­
vocated by the authors is a modification of that

described by Baron and Dedo!' and essentially in­
volves division of the trachea at the first and second
ring with inversion of the proximal tracheal mucosa

and the creation of a permanent tracheostoma in
the distal trachea. The benefits of this technique are

that it is relatively simple, prevents all aspiration, is
familiar to most laryngeal surgeons, and does not

require any surgical opening into the pharynx. The
five patients described in this paper have had un­

complicated postoperative courses. The proximal
stump presents a theoretic problem, as it behaves as

a sump for pharyngeal contents; however, no prob­
lems related to the proximal stump have been en­

countered with a minimum follow-up of 10 months.
This procedure should not be considered for those
patients with the potential for verbal communica­

tion, as the procedure has not been demonstrated to

be reversible.

Finally, this paper has outlined a protocol for
management of the chronically ill patient with a

long-term tracheotomy. The system presented, al­
though simple, allows patients to be classified ac­

cording to severity of aspiration and laryngeal func­
tion. The evaluation of this protocol has indicated
that it reduces the risks and incidence of aspiration
and its complications and that it predicts those pa­
tients amenable to extubation.
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CONRADI-HUNERMAN SYNDROME

CASE REPORT

MARCELO HOCRMAN, MD
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Conradi-Hunerman syndrome, a variant of chondrodysplasia punctata, rarely presents with primary manifestations relevant to the
head and neck surgeon. Usually, the disease is evidenced by malformation of the extremities, cataracts, cutaneous lesions, and an unusual
facies. We have followed a child with Conradi-Hunerman syndrome for 7 years whose primary manifestation of the disease is respiratory
compromise secondary to calcification of the laryngotracheobronchial tree. In addition, he has a conductive hearing loss thought to be
secondary to ossicular chain fixation.

KEY WORDS - chondrodysplasia punctata, Conradi-Hunerman syndrome.

INTRODUCTION

Chondrodysplasia punctata is the term used to

describe a group of bone disorders characterized by
the presence of punctate epiphyseal calcifications.
Children affected with this group of disorders rare­

ly present with manifestations relevant to the head
and neck surgeon. The purpose of this paper is to

present a 7-year follow-up on a patient with Con­
radi-Hunerman syndrome, a variant of chondro­
dysplasia punctata, whose primary manifestation is

respiratory embarrassment secondary to calcifica­
tion of his laryngotracheobronchial tree. The pa­
tient also has a conductive hearing loss thought to

be due to ossicular chain fixation.

CASE REPORT

This child was born at another institution, the
3.03-kg product of a 40-week pregnancy compli­
cated by a maternal grand mal seizure at 5 months
of gestation. The mother had a history of encepha­
litis as an infant and had her first seizure approxi­
mately 1 year prior to the pregnancy. For the re­

mainder of the pregnancy, she was treated with
phenobarbital. No other seizures, medications (in­
cluding Dilantin or warfarin), or illnesses were re­

ported. Labor and delivery were uncomplicated.
Apgar scores are not available. Shortly after birth,
the child was noted to have heavy breathing; how­
ever, he did well and was discharged from the hos­

pital 2 days later. Increasing stridor precipitated a

physical examination and genetic, metabolic, and

radiologic workup at 3 weeks of age. Radiographs
revealed symmetric stippled calcifications of the
proximal femoral epiphyses, lumbar vertebrae, and
pelvis, as well as calcification of the larynx, tra­

chea, and bronchial cartilages (Fig 1). Hand x-ray
films showed distal phalangeal hypoplasia. Based
on these findings, along with an unusual facies
characterized by a severely hypoplastic nose and

frontal bossing, the diagnosis of chondrodysplasia
punctata, Conradi-Hunerman type, was deter­
mined.

The child had repeated episodes of pneumonia
until at 19 months of age (May 1980) he presented
at Stanford University Hospital with severe airway
distress and a subsequent respiratory arrest with
bradycardia. Although difficult, intubation was ac­

complished with a 3-mm endotracheal tube. Extu­
bation attempts failed, and a tracheostomy tube
was placed (Shiley No. 00). Direct laryngoscopy
andbronchoscopy at the time showed a narrowed
tracheal lumen (approximately 70 % to 80 % steno­

sis) and stenosis of the main stem bronchi, worse.in->
the left lung than in the right.

The patient's subsequent medical course was

marked with repeated episodes of respiratory infec­
tions and pneumonias with varying degrees of air­

way distress. Between May 1980 (19 months of age)
and January 1987 (8 years 3 months), he underwent
12 endoscopies to evaluate the airway. Over this
period of time, the calcifications disappeared on

x-ray examination (Fig 2), the tracheal lumen grew
less than 2 mm in diameter, and the main stem
bronchi remained essentially unchanged since the
initial bronchoscopy.

The larynx, though slightly small, is normal and
not the site of airway obstruction. Currently, the
patient wears a snug-fitting No.9 Montgomery" Safe­
T - Tube, which he maintains unplugged. His overall
growth and development have been somewhat slow,
but currently he is in the 75th percentile for height
and 50th percentile for weight. Mentally, he per­
forms a few grade levels below what is expected in a

regular school. In addition to his unusual physical
appearance and airway problems, he has a progres­
sive conductive hearing loss thought to be due to os­

sicular chain fixation and intermittent serous otitis
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media. He wears hearing aids with good results,
and his parents have declined exploratory tympa­
notomy.

The results of tests for disorders of calcium
metabolism, including serum calcium, phosphorus,
and parathyroid hormone levels, were normal, and
the patient has no orthopedic, ophthalmologic, der­
matologic, or cardiac abnormalities. Based on the
child's clinical picture and an extensive family
workup including detailed physical and radiologic
examination of the parents, chromosomal analyses,
and delineation of the family pedigree, we believe
that this represents a sporadic case (spontaneous
mutation) of chondrodysplasia punctata, Conradi­
Hunerman type (Fig 3).

DISCUSSION

Conradi-Hunerman .syndrome is a variant of
chondrodysplasia punctata, a heterogeneous group
of rare bone dysplasias characterized by punctate
epiphyseal calcifications. These calcifications are

evanescent and usually disappear by the third year
of life. Numerous additional clinical features have
been associated with this basic disturbance, most

notably saddle nose deformity, micromelia, rhizo­
melia, short stature, flexion contractures, and der­
matoses, among others. Calcification of the laryn­
gotracheobronchial tree has been reported in pa­
tients with this syndrome, but more commonly as

an isolated rarity. Its presence is not always asso­

ciated with respiratory embarrassment, nor does its

disappearance signify recovery, as this case demon­
strates.

Since Conradi's initial description in 1914,1 this
group of disorders has been reported under a varie­

ty of synonyms: chondrodystrophia epiphysialis

Fig 1. Chest radiographs taken at

time of initial presentation with respi­
ratory distress. Calcifications of la­
ryngotracheobronchial tree are readi­

ly visible. Right upper lobe pneumo­
nia is also evident. A) Anteroposteri­
or, B) lateral.

punctata, stippled epiphysis disease, dysplasia epi­
physialis punctata, chondroangiopathia calcarea
punctata, Conradi's disease, and others. The pre­
ferred terminology now is chondrodysplasia punc­
tata." In retrospect, some cases reported as chondro­

dysplasia punctata are probably other, now-estab­
lished entities.":"

There are four described phenotypes of chondro­
dysplasia punctata. Many cases that do not fit into
these four groups are thought to be evidence for a

continuum of one disease process with varied ex­

pression rather, than different disease processes.

Conradi-Hunerman syndrome is the most com­

mon type of chondrodysplasia punctata and the
most varied in presentation. According to Spranger
et al," some patients have cataracts (17 % ), ichthy-

Fig 2. Posteroanterior chest radiograph of patient at 8
years of age, without evidence of airway calcification.
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Fig 3. Patient at 8 years 3 months
of age. Note characteristic frontal
bossing and hypoplastic nasal dor­
sum. He is wearing a No.8 Mont­

gomery" Safe-T - Tube. A) Front
view, B) profile.

otic skin changes (28 % ), and scoliosis, while others
have only the characteristic facies. The dermatolog­
ic findings (atrophoderma follicularis) may be the

only diagnostic features in those patients with mild
expression who live to adulthood. The majority of
cases are sporadic mutations, although some cases

in the literature appear to conform to the autosomal
dominant pattern of inheritance." Phenocopies of
the Conradi-Hunerman type are known to be pro­
duced by warfarin and Dilantin taken during
pregnancy.":" Histologic studies of the involved

epiphyseal cartilages show mucoid degeneration,
cyst formation, calcification, and fibrous tissue for­
mation with neovascularization. Normal colum­
nization of cartilage cells is observed in some

growth plates, and failure of orientation in others. 10

Some investigators have felt that the same process
occurs in the ocular lens, which like cartilage has a

high mucopolysaccharide content, thus accounting
for the relatively common occurrence of cataracts in
these patients." Since the clinical picture of the
Conradi-Hunerman type is so varied, there is no

one set of criteria for diagnosis. Rather, a complete
workup (physical examination and genetic, meta­

bolic, and radiologic workup) is in order to exclude
the other versions of the disease.

The rhizomelic type is associated with severe

symmetric proximal shortening of the extremities,
vertebral body clefts (100%), high incidence of cat­

aracts (72 %) and contractures (61 % ), and death in

early infancy. 5 Evidence for transmission of this
type by the homozygous state of an autosomal gene
(autosomal recessive trait) is its frequent association
with parental consanguinity and recurrences in sib­
lings. 12

An X-linked dominant form has been reported
with presumed lethality in affected male fetuses,
since it has been documented only in female pa­
tients.13,14 It is associated with linear skin lesions,

cataracts, and markedly asymmetric skeletal in­
volvement.

The most recently described type of chondro­

dysplasia punctata is an X-linked recessive one

resulting from an inherited deletion of the short arm

of the X chromosome (Xp). 15 The most noteworthy
clinical difference between this type and the Con­
radi-Hunerman type is the consistent presence of
mental retardation in the recessive type. Symmetric
skeletal involvement and distal phalangeal hypo­
plasia are common features. Prenatal diagnosis of
the X-linked recessive type of chondrodysplasia
punctata or verification in an apparently sporadic
case may be possible by detection of reduced activi­

ty of steroid sulfatase, since the loci coding for this
enzyme system is located at the distal tip of Xp. Cy­
togenetic studies by amniocentesis or routine chro­
mosomal smears also may be used.

The most remarkable finding in the patient pre­
sented is the calcification of the larynx, trachea,
and bronchi. Among the many abnormalities asso­

ciated with congenital stridor, premature calcifica­
tion of the airway is one of the rarest. Normally,
one does not see calcification of these cartilages be­
fore the third decade of life, except in the body and
greater horn of the hyoid, where it may be present
from the fifth month of fetal life. 16 The prognostic
significance of the tracheobronchial calcifications is
unclear. Reversal of the calcifications in the early
years of life was once thought to be an encouraging
sign. In effect, it is a trait of the disorder for these to

disappear. Patients in the literature with complete
disappearance of the calcifications on x-ray ex­

amination and normal airways contrast with some

who continued to require a tracheostomy with ob­
vious arrest in tracheal growth, and others whose
airways are smaller than normal yet show no

evidence of respiratory embarrassment or develop­
mental retardation. 17-21 At least one other report
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presents an intant with evanescent calcifications of
the airway who never had stridor. 22 The calcifi­
cations themselves are unexplained. So far as is

known, calcification of cartilage in the adult respi­
ratory tract is a degenerative phenomenon similar
to that occurring in the cartilaginous portion of the
ribs and has no clinical significance. It is difficult to

prove a causal relationship between the calcifi­
cations, stridor, and tracheal and bronchial growth
arrest in children affected with chondrodysplasia
punctata, but intuitively there seems to be one.

Whether the same process is the cause of the pro­
gressive conductive hearing loss in our patient is

speculative.
The main finding on repeated diagnostic endo­

scopies of this patient was tracheal and bronchial
stenosis with markedly retarded airway growth

over time. There were no abnormal ridges or masses

reminiscent of the ossified features seen in adults af­
fected with tracheopathia osteoplastica. Histologic
examinations have not shown ossification in pa­
tients with Conradi-Hunerman syndrome; there­
fore, these entities do not seem to be related.

This patient currently is limited markedly in
terms of exercise tolerance and has a limited airway
reserve that is easily compromised by infection. The

life-limiting factor for him and other children with
the disease seems to be stenosis of the airway at the
level of the trachea and proximal bronchi. At this

point, observation and supportive care during the

episodes of acute airway compromise are all that
can be offered. He soon will require surgical correc­

tion of his bilateral proximal bronchial stenoses.

REFERENCES

1. Conradi E. Vortzeitges Auftreten von Knochen - und

eigenartigen Verkalkungskernen bei Chondrodystrophia foetalis
hypoplastica. J Kinderheilkd 1914;80:86-97.

/,

2. Maroteaux P, Langer LO, Silverman FN, Sauvegrain J,
Scott J, Spranger J. International nomenclature on bone dyspla­
sias. Ann Radiol (Paris) 1970;13:455-64.

3. Jan JE, Hardwick DF, Lowry RB, McCormick AQ. Cere­

bro-hepato-renal syndrome of Zellweger. Am J Dis Child 1970;
119:274-7.

4. Valdmanis A, Wilson JR, Mann JD, Pearson G, Shaw
MW. Subglottic pseudotumor, laryngeal dysplasia and chondro­
dysplasia calcificans congenita with a t(D;B) chromosomal trans­

location. Ann Genet (Paris) 1967;10:55-9.
5. Spranger JW, Opitz JM, Bidder U. Heterogeneity of chon­

drodysplasia punctata. Humangenetik 1971;11:190-212.
6. Silengo MC, Luzzatti L, Silverman FN. Clinical and

genetic aspects of Conradi-Hunerman disease. J Pediatr 1980;
97:911-7.

7. Becker MH, Genieser NB, Feingold M, Miranda D, Spack­
man T. Chondrodysplasia punctata: is maternal warfarin thera­
py a factor? Am J Dis Child 1975;129:356-9.

8. Pettifor JM, Benson R. Congenital malformations with the
administration of oral anticoagulants during pregnancy. J Pediatr
1975;86:459-62.

9. Mountain KR, Hirsh J, Gallus AS. Neonatal coagulation
defect due to anticonvulsant treatment in pregnancy. Lancet
1970;1:265-8. -

10. Karlen AG, Cameron JAP. Dysplasia epiphysialis punc­
tata. J Bone Joint Surg [Br] 1957;39:293.

11. Yakovac Wf). Calcareous chondropathies in the newborn
infant. Arch PathoI1954;57:62-79.

12. Gilbert EF, Opitz JM, Spranger JW, Langer LO Jr, Wolf-

son JJ, Viseskul 'C. Chondrodysplasia punctata - rhizomelic
form: pathologic and radiologic studies of three infants. Eur J Pe­
diatr 1976;123:89-109.

13. Happle R. X-linked dominant chondrodysplasia punctata:
review of literature and report of a case. Hum Genet 1979;53:
65-73.

14. Manzke H, Christophers E, Wiedemann H-R. Dominant
sex-linked inherited chondrodysplasia punctata: a distincttype of

chondrodysplasia punctata. Clin Genet 1980;17:97-107.
15. Curry CJR, Magenis RE, Brown M, et al. Inherited chon­

drodysplasia punctata due to a deletion of the terminal short arm

on an X chromosome. N Engl J Med 1984;311: 1010-5.

16. Caffey J. Pediatric x-ray diagnosis, 7th ed. Chicago: Year
Book Publishers, 1978:263-4.

17. Narcy P, Baculard J, Manac'h Y, Sterkers 0, Bobin S.
Stenose laryngo-tracheale chez des enfants atteints de maladies
des epiphyses ponctuees. Ann Otolaryngol Chir Cervicofac
1979;96:905-12.

18. Goldbloom RB, Scott DJ. Calcification of cartilage in the
trachea and larynx in infancy associated with congenital stridor.
Pediatrics 1960;26:669-73.

19. Nabarro S. Calcification of the laryngeal and tracheal car­

tilages associated with congenital stridor in an infant. Arch Dis
Child 1952;27:185-6.

'

20. Russo PE, Coin CG. Calcification of the hyoid, thyroid
and tracheal cartilages in infancy. Am J Roentgenol 1958;80:
440-2.

21. Kaufmann HJ, Mahboubi S, Spackman TJ, Capitanio
MA, Kirkpatrick J. Tracheal stenosis as a complication of chon­
drodysplasia punctata. Ann Radiol (Paris) 1976;19:203-9.

22. Marchal G, Baert L, van der Hauwaert L. Calcification of

larynx and trachea in infancy. Br J RadioI1974;47:896-7.



SELECTIVE, HISTAMINE-MEDIATED IMMUNOSUPPRESSION
IN LARYNGEAL CANCER
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Immunosuppression observed even in the earliest laryngeal cancers can be, in part, reversed with H2 histamine antagonists. In an ef­
fort to explain this, we tested whether histamine could evoke changes in endogenous antitumor lymphokine production using tonsillym­
phocytes as test cells. We have observed that lymphocytes, treated in vitro with histamine, display a significant suppression of lymphokine
production and mixed lymphocyte proliferation response following galactose oxidase treatment. Interferon gamma production was re­

duced to less than 2 % of control value in the presence of histamine. In contrast" the lymphokine-activated killer cell activity induced by
purified, natural interleukin-2 was not affected by similar concentrations of histamine. Histamine appears to exert its inhibitory effect by
stimulating the production of a substance released by suppressor T cells. The suppressive effects observed could be reversed by concomitant
or sequential treatment with cimetidine or ranitidine and not by HI histamine antagonists, indicating that it occurs through an H2
histamine receptor. These experiments suggest that histamine may have a profound suppressive effect on the lymphocyte population
studied.

KEY WORDS - cimetidine, H2 histamine antagonists, histamine, interferon gamma, interleukin-2, ranitidine.

INTRODUCTION

Histamine continues to be of interest to otolaryn­
gologists in its role as a mediator of allergy, as a

therapeutic agent in otology, and as a modulator of
the cellular immune response.':" We have investi­

gated the mechanisms by which immunomodula­
tors affect delayed hypersensitivity reaction in head
and neck cancer. Laryngeal cancers are of particu­
lar interest among the head and neck cancers, since

they are among the earliest recognizable cancers in
the head and neck. Even small laryngeal cancers

may be associated with significant immunosuppres­
sion (unpublished results). Previously, reversal of
skin test anergy in laryngeal cancer patients during
treatment with cimetidine or ranitidine has been
demonstrated. The in vivo effects of the H2 hista­
mine antagonist implicates a role for histamine as a

significant suppressor of lymphocyte function. A
remarkable sensitivity of laryngeal cancer cells in
vitro to the action of recombinant human interferon

gamma (rHuIFN--y) also has been observed (unpub­
lished results). Because of these two observations,
we investigated the effect that histamine might
have on the production of interferon gamma (IFN­
-y) in vitro. Previous experience has shown that the
induction of IFN--y by galactose oxidase (GO) or

periodate involves cell-to-cell interactions in mixed
lymphocyte preparations." The purpose of the pres­
ent investigation was to identify immunologic tests

that could explain the above in vivo observations.
We chose tonsil lymphocytes, since they are head
and neck lymphoid tissues that are accessible for
evaluation and would allow investigation of such
cell-to-cell interactions.

MATERIALS AND METHODS

Tonsil lymphocytes were prepared as previously
described" and maintained in RPMI-1640 media
with fetal bovine serum (10 %). Histamine (Sigma)
was prepared in serum-free medium, frozen and
thawed for each experiment; cimetidine for in­
travenous (IV) administration (Smith, Kline &

French), powdered ranitidine (Dr R. T. Brittain,
Glaxo Group Research Limited, Great Britain), and
diphenhydramine for IV administration (Parke­
Davis) were prepared similarly and frozen.

Production of IFN--y was measured by the vesicu­
lar stomatitis virus cytopathogenic effect reduction
assay in trisomy 21 fibroblasts." Recombinant hu­
man IFN--y (Hoffman LaRoche) was used as a lab­
oratory reference reagent and standardized by the
National Institutes of' Health HuIFN standard
(G-023901-530) .

Following initial preparation, lymphocytes were

incubated with control media or media containing
the indicated concentrations of histamine and/or
drugs overnight (20 hours). Cultures then were in-

EFFECT OF 10-4 M HISTAMINE ON IFN-)' PRODUCTION
IN TONSIL LYMPHOCYTES

Treatment" Mean IFN-)' YieldlmL % Control

Control media
Histamine 0-20 h
Histamine 0-44 h

IFN-'Y - interferon gamma.

650
90
72

100
14
11

• Cells were incubated for 20 hours with or without histamine, washed,
and then treated with galactose oxidase. Then cells were re-treated im­

mediately with histamine or given control media for 24 hours, after
which time supernatants were harvested for IFN-" determination.

From the Department of Otolaryngology-Head and Neck Surgery, The Johns Hopkins School of Medicine, Baltimore. This work was funded in part by
the Traylor Research Fund of The Johns Hopkins School of Medicine and performed while Dr Richtsmeier was the recipient of the American Cancer So­

ciety Clinical Oncology Career Development Award.
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Fig 1. Dose response of histamine and combined hista­
mine-H2 histamine receptor antagonist on interferon pro­
duction. Tonsil lymphocytes were treated with drugs at
concentrations indicated for 24 hours before induction
with galactose oxidase. Supernatants were harvested 48
hours later. Mean yield of IFN-')' (units/mL) is plotted
against molar concentration of various compounds em­

ployed. Solid diamonds - mean control yield; open dia­
monds - histamine; solid squares - histamine plus raniti­

dine; open squares - histamine plus cimetidine.

duced to produce IFN-'Y with GO 9 unitslmL (Sig­
ma), and 24 hours later supernatants were collected
and frozen at - 80°C until assayed. Each sample
was titrated in three separate dilution series. A dif­
ferent tonsil preparation was used for each experi­
ment, and therefore, the experiment sampled the
response of many individual lymphocyte donors.
Neither histamine nor any of its receptor antago­
nists had any effect on the assay of IFN-'Y.

Laryngeal cancer tissue cultures designated JH­
Oll-SCC-L-P, JH-020-SCC-L-P, and JH-022-SCC­
L-N were derived in our laboratory from laryngeal
primary tumor or nodal metastasis as designated by
the last letter of the cell name. All cells stained
positive for pemphigus antibody in an indirect im­
munofluorescence assay. Each cell line produced
tumors in nude mice that appeared to be squamous
cell carcinoma, and all lines were sensitive to

human interferons in tissue culture.

A killer cell assay was performed with K562 cells
as the target after 4 days of incubation in media

containing 104 unitslmL of purified natural inter­
leukin-2 (IL-2) (Electro Nucleonics, Silver Spring,
Md). Cellswere washed and incubated at a re­

sponder target ratio of 200 to 1 in five sequential
twofold dilutions.

RESULTS

Previous reports indicate that histamine must be
present prior to assay for the suppressor effect to be
evident. We chose a 20-hour exposure to allow for
the induction of the effect. To see if the inhibitory
effect would last through the period of IFN-'Y in­

duction, cells were treated from time 0 to 20 hours
with histamine and then were re-treated with hista­
mine or received control media for the 24 hours af­
ter GO induction. The Table shows little difference
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Fig 2. Effect of time of exposure to histamine on IFN-')'
production. Interferon gamma yield following galactose
oxidase induction of human tonsil lymphocytes is shown
for cultures treated with histamine for various lengths of
time as indicated. Cells were treated with histamine for 1
or 6 hours, then washed and incubated with control media
up to 24 hours or kept on continual exposure for 24 hours
before being washed and induced with galactose oxidase.

between the cells in continuous histamine cultures
and those treated pre-IFN induction only. This was

,

consistent with preliminary observations that simul­
taneous histamine and IFN-'Y induction gave incon­
sistent suppression. An inhibition in cell prolifer­
ation determined by cell counts also was observed,
but was not as dramatic since control cell growth
increased only twofold to threefold during the
period of observation.

We then examined the dose ranges of histamine
that would induce suppression in our assay. Figure
1 demonstrates the inducible IFN-'Y titers over a 4

loglO range. Suppression of IFN-'Y (to undetectable
levels) was observed in concentrations down to 10-5
M histamine. Concomitant histamine-antihista­
mine treatment also was studied in this experiment.
Significant reversal of suppression was observed
with either of the H2 antagonists cimetidine or ra­

nitidine at concentrations of 10-4 M or above, but
none was observed with the HI antagonist diphen­
hydramine at the same concentrations. In other ex­

periments, ranitidine (Fig 2) appeared to be more

effective in reversing the effect of 10-4 M histamine.

To determine more clearly the length of time ne­

cessary for histamine exposure, cells were treated
for various periods of time up to 24 hours, then
washed and induced with GO. We used 10-4 M his­
tamine throughout the subsequent experiments be­
cause it gave reproducible results that were reversi­
ble by H2 receptor antagonists. Maximum suppres­
sion occurred by 6 hours, and near-maximum sup­
pression was reached by 1 hour (Fig 2).

Figure 3 shows the results of an experiment de­
signed to test whether the histamine-inducible sup­
pression was reversible. Cells treated with hista­
mine 10-4 M for 24 hours were treated sequentially
with the same molar concentrations of H2 antago-
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Fig 3. Reversal of histamine-induced suppression of IFN-'}'
production with sequential H2 histamine antagonists.
Mean IFN-'}' yield following galactose oxidase induction of
human tonsil lymphocytes is plotted as indicated. All drugs
were present at 10-4 M. Following initial treatment with
control' or histamine-containing media, cultures were

treated with cimetidine or ranitidine at time of galactose
oxidase induction.

nists at the time of GO induction. A reversal of IFN

production can be observed in the histamine-then­
ranitidine cultures. This observation, combined
with an occasional lack ofdetectable IFN-)' produc­
tion in some specimens, led us to test for suprapro­
duction of IFN-)' in ranitidine control cultures. In
another aspect of this experiment, IFN-)' was mea­

sured after treatment with 10-4 M H2 antagonists
alone or in combination (Fig 4). The increased IFN­

)' production in the treated cultures of this individ­
ual suggests that the lymphocytes arrive in our cul­
tures with a measurable degree of suppression.

To test the direct effect of laryngeal cancer cells
on the production of IFN-)" we added equal num­

bers of viable laryngeal cancer cells harvested from
monolayer tissue culture by trypsinization to tonsil
lymphocytes prior to GO induction. No decrease in

IFN-)' was observed for any of the three laryngeal
cancer cell-treated lymphocyte cultures.

DISCUSSION

We have observed up to fiftyfold suppression of

IFN-)' production in tonsil lymphocytes in the pres­
ence of histamine. This effect can be reversed by the
H2 histamine inhibitors cimetidine or ranitidine,
either concomitantly or sequentially; however, this
effect is not observed with the HI histamine in­
hibitor diphenhydramine.

Other work has demonstrated the clinical effec­
tiveness of H2 histamine antagonists in several clini­
cal settings.2,9-13 The H2 histamine antagonists also
have improved the survival of tumor-bearing
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Fig 4. Enhanced IFN-'}' production in presence of H2 hista­
mine receptor antagonists. Cells were treated with control
media or cimetidine, ranitidine, or both for 24 hours prior
to galactose oxidase induction. Mean IFN-'}' yield is shown
for each test culture.

mice.v" The significance of such immunosuppres­
sion in cancer is evident by its effect on the produc­
tion of an antitumor such as IFN-)'.

We used serum in our experiments; however, the
presence of histaminase may have necessitated the
relatively large doses of histamine necessary for the
observed effect. 16 Whether physiologic doses of his­
tamine actually can suppress IFN-)' production in a

patient is unknown, but we suspect that this type of
immunosuppression indeed does occur since we

have observed both in vivo delayed hypersensitivity
skin reaction changes and in vitro supraproduction
of IFN-)' in the presence of ranitidine.

Our killer cell assay largely measures lympho­
kine-activated killer (LAK) cells and does not dif­
ferentiate contributions by natural killer (NK) cells.
Though NK cell activity can be controlled by sup­
pressor cells, LAK cells cannot. Our observation of
a lack of suppressive effect of histamine on LAK
cells is consistent with earlier reports. 16 It also helps
place in perspective the spectrum of immunosup­
pression seen in laryngeal cancer.

The mechanism by which laryngeal cancer can

induce histamine receptor-mediated immunosup­
pression is not known. Our results of coculture
would suggest that it is not a direct effect of the cells
similar to immunosecretory products of other tumor
cells. 14.17

There are several theoretic mechanisms that
could account for this immunosuppressive effect:
inflammatory response to the tumor, inflammatory
response to microorganisms involving a tumor-mu­

cosal barrier, other direct or indirect tumor pro­
ducts, or mechanical trauma. Further work on the
mechanism by which this immunosuppression oc­

curs is in progress.
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HUMAN SPEECH DEVELOPMENT FOR
AN IMPLANTABLE ARTIFICIAL LARYNX
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An electromagnetic artificial larynx was implanted in two volunteer laryngectomees. Both patients were able to communicate well,
but the voice quality still needed improving. Therefore, in this investigation, listener judgments were obtained of 22 different sound sources

with a view to incorporating the preferred speech sound in a new version of the device. Electroglottograms were used as sound sources in a

speech synthesizer and sentences were produced with different voice qualities for judgmental tests. The results of the listening tests'showed
a distinct preference for waveforms corresponding to a long completely open phase, a very brief completely closed phase, and an abrupt
closing gesture. The optimum acoustic characteristics for the device will be used by electrical engineers to manufacture a new version of the
artificial larynx with an improved voice quality.

KEY WORDS - implant, laryngectomee, larynx, listening tests, voice quality.

BACKGROUND

No method of speech rehabilitation following lar­
yngectomy has proved entirely satisfactory. 1.2 The
best results from all procedures are acceptable, but
most patients cannot achieve good esophageal
speech, the extracervical electrolarynx has poor
voice quality, and tracheoesophageal puncture is
often inconvenient and not always successful. It was

hypothesized, therefore, that a large number of pa­
tients might find an implantable electromagnetic
device to be the solution of choice for them. Our in­
tention was, and still is, to produce a device that 1)
results in a more natural voice than other methods,
partly because of the nature of the sound source and
partly because of the built-in intonation contours,"
2) delivers sound within the vocal tract to provide a

much better signal-to-noise ratio than the extracer­
vical electromagnetic device, 3) is as loud as normal
voice, 4) is capable of being adjusted in many ways
outside the body, 5) needs no cleaning or mainte­

nance, 6) does not have to be held in the hand, 7) is

easy to use, and 8) is biocompatible.
To this end, an early version of the electromag­

netic artificial larynx was implanted in two volun­
teer laryngectomees. 4-6 Tissue reaction was minimal
and both patients were able to communicate well

though. the voice still sounded mechanical. It was

felt, therefore, that the results justified further
research focusing on improving voice quality and

reducing the size of the device.

The investigation reported here addressed the is­
sue of voice quality and compared listener judg­
ments on 22 different sound sources that could be
used in a new version of the device. The most fa­
vored ones will later be examined from the perspec­
tive of speech intelligibility.

SURGICAL ASPECTS

There are two primary objectives in the place­
ment of the implantable electrolarynx. The device
must not interfere with deglutition and must ade­

quately drive the column of air in the pharynx,
causing it to resonate.

The device (Fig 1) was placed in the prevertebral
space opposite C2-3 through an incision made along
the anterior border of the sternocleidomastoid mus­

cle. Blunt dissection was used to create a pocket
posterior to the pharyngeal constrictor muscles that
was of sufficient size to contain the implant. Clo­
sure was performed in standard fashion. The micro­
structure of the surface of the device itself was such
as to promote bonding to the surrounding tissue. 4

The disk-shaped device was relatively thick, be­

ing 1 ern in the anteroposterior dimension." This
problem has been corrected in a newer version that
is much thinner (Fig 2), and we hope eventually to

reduce it to the point where it can be placed sub­
cutaneously in the anterior neck in front of the
pharyngeal air column. The surgical procedure will
thus be easier and can be done under local anesthe­
sia.

SPEECH SCIENCE ASPECTS

The acoustic theory of speech production (Table)
treats the speech mechanism as a power supply (re­
spiration), a vibrating sound source (phonation), a

complex resonating system (articulation), and an

output (the acoustic product as captured by a mi­

crophone beyond the lips).
Given appropriate laryngeal muscle settings and

a flow of air from the lungs, the vocal folds will
vibrate and produce an onloff airflow as input into
the supraglottal vocal tract.

From the Department of Otolaryngology, Washington University School of Medicine, St Louis.
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Fig 1. Implantable artificial larynx. A) Drawing of device in position. (Reprinted with permission.") B,C) X-ray films of device in

position. Lead seen terminates at percutaneous biocarbon button. (Reprinted with permission.") D) Original version of device.

The glottal sound source (Fig 3) has an inten­

sity/frequency spectrum that is triangular in shape,
with its greatest amplitudes at the lowest frequen­
cies falling off at 12 dB/octave to an effective zero at
5 kHz. The supraglottal vocal tract amplifies some

of these frequency components and damps out oth­
ers so that beyond the lips the output has a spectrum
that is no longer triangular but categorized by
several energy peaks (called vowel formants) sep­
arated by valleys with little acoustic energy. Each
vowel in a language has a different set of formant
frequency values corresponding to the different
vocal tract configurations. One should, therefore,
make a clear distinction between 1) formant fre­
quency, a supraglottal resonance phenomenon; 2)
fundamental frequency, a laryngeal phenomenon
- pitch�- the number of times per second the
vocal folds vibrate; and 3) voice quality, which in­
cludes a second laryngeal phenomenon associated
with the mode of vibration of the vocal folds.

We make the general assumption that, for a lar­
yngectomee, respiration and articulation are large­
ly unaffected and that the larynx has to be replaced
by a device that is a good internal driving source.

SOUND SOURCES

What form should the artificial sound source

take? It is impossible to record the output from the
larynx directly because disturbances to the air in the
vocal tract are reflected back to the larynx from the

boundary between the lips and the outside air.

However, we know from experiments on excised
larynges that the waveforms for airflow at the lips,
inverse filtering of the latter, and electroglottog­
raphy are all good representations of the human

glottal sound source.

The electroglottograph 7 is an instrument in the
form of an impedance collar that gives data on

vocal fold contact area across time. Electroglot­
tograms (Fig 4A) have the following forms: 1) all
waveforms show a closing gesture (stage 3) and an

opening gesture (stage 5), 2) some waveforms show

Fig 2. Photograph of present version of device. Belt pack is
at top, artificial larynx itself is bottom right, and subcutan­
eous radio receiver is bottom left.
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INPUT, RESPONSE, AND OUTPUT FOR SEVERAL ACOUSTIC SYSTEMS

Input Response
Organ

Bellows --+ Vibrating reed --+ Air column in a pipe
Normal speech

Respiration --+ Phonation --+ Articulation

Synthetic speech
Electric power

--+ Pulse train -+ Selected resonators

Implant
Battery --+ Implant --+ Supraglottal vocal tract

. Output

--+ Music output

--+ Speech output

--+ Synthetic speech

--+ Speech output

a bimodal closing gesture that begins gently (stage
2) and ends steeply, 3) some waveforms show a

bimodal opening gesture that begins steeply and
ends gently (stage 6), 4) some waveforms have a

horizontal closed plateau (stage 4), and 5) some

have a horizontal open valley (stage 1).
When the six stages are permutated we see 16

possible waveform types (Fig 4B), each of which
may be subclassified by the open/closed ratio. At
the bottom of Fig 4B we see that all 16 types have
stages 3 and 5 ( + 3, + 5). Waveform types 1 to 4 in
column 1 have neither a stage 1 nor a stage 4 (-1,
-4), whereas types 13 to 16 in column 4 have both

(+ 1, + 4). Waveform types 1, 5, 9, and 13 in hori­
zontal row 1 have neither a stage 2 nor a stage 6

(-2, -6), whereas types 4,8,12, and 16 have both
( + 2, + 6). The middle of the illustration shows
what the waveforms look like, with vocal folds
together (closed glottis) at the top and vocal folds
apart (open glottis) at the bottom of each tracing.
The top of the illustration shows how each wave­

form type may be subclassified by closed/open ra­

tio, ie, the percentage of each cycle during which
the vocal folds are together divided by the time they
are apart ..

These 16 human waveform types and, in addi­
tion, an electroglottogram from a diplophonic
speaker, the original sound source of the Klatt syn­
thesizer, a pseudosinusoidal wave (henceforth
called a sine wave), a triangular wave, a sawtooth
wave, and a square wave were used as sound
sources in a speech synthesizer to produce sentences

for judgmental tests. The Klatt Massachusetts In­
stitute of Technology speech synthesis program" was

modified by Kaiser and Painter (unpublished) to
allow any waveform to be used as a sound source,
and 22 versions of the sentence "It's a baby" were

generated, two of which may be seen in Fig 5. All
22 were identical except for the voice quality associ­
ated with the sound source.

LISTENING TESTS

Each utterance was then paired with every other
one, each pair occurring twice with the members of
the pair in different positions. The order of presen­
tation of the pairs was then randomized and an

audiotape was prepared containing these 462 pairs
of utterances with a I-second pause between ut­

terances and a 5-second pause between pairs. Ten
listeners seated in the sound field of an Industrial
Acoustics Corporation sound-treated booth were

then presented with the pairs of stimuli and asked to

choose the member of the pair that "sounded the
best," ie, "would be the most pleasant to listen to."
There were no further instructions or practice ses­

sions. The listening sessions took 1 hour with a short
break between half-hour sessions.

In general listeners preferred human glottal
waveforms to geometric ones (Fig 6). Particularly
low on the list of choices were the square, sawtooth,
and triangular waves. Interestingly, however, lis­
teners preferred the sine wave as a sound source,
followed by the standard excitation of the original
Klatt synthesizer and waveforms 10,11,17,7, and
3, all of which scored over 60 % .

Waveforms with a stage 1 but no stage 4 (Fig 4B)
and those with a stage 6 but no stage 2 scored

especially well. Waveforms with a stage 1 and a
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For each waveform type # 1 - 16:
Subclassify by closed/open rat; 0:

closed ��
A 0-25 1 es s than a 1:3 ratio
R 26-35 a 1:2 rati ('I

C 36-45 -a 2:3 ratio
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G 76-100 = more than il 3:1 ratio
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-4 +4 -4 +4

-6 -2 1. 35 5. 345 9. 1 35 13. 1 3£1,5
-6 +2 2. 235 6. 2345 10. 1235 14. 12345
+6 -2 3. 356 7. 3456 11. 1 356 15. 1 3456
+6 +2 4. 2356 8. 23456 12. 12356 16. 123456

B

-1 -1

-2 -2

-3 -3

-4 -4

-50
WAVEFORM STAGES 3/5/6 -5

= 0 0 0 0 =

A
0 ! CD � 10 0 B

0

(\J � r--(\J '" In

stage 4 and those with a stage 6 and a stage 2 scored

badly. There was, therefore, a distinct preference
for waveforms corresponding to a long, completely
open phase, a very brief completely closed phase,
and an abrupt closing gesture. This is not surprising
given the low ratings for the square, sawtooth, and

triangular waves.

Waveforms 10, 11, and 9 were scored highly - it
would appear that the mode of vibration of the vo­

cal folds appropriate for breathy voice constitutes a

good sound source when unaccompanied by the
normally associated local turbulence. Waveform 17
was also well scored - it would appear that the

5

�
SSL045WF3
"n's A BABY'

4 WF3

3 ru\-­! \
2 _

v

mode of vibration appropriate for diplophonia is a

good sound source when unaccompanied by the

normally associated jitter.
ENGINEERING ASPECTS

Electrical engineers will use the results of the

listening tests to manufacture a new version of the
device with a voice quality better than that of the
previous model. The biggest problem is to produce
a woofer the size of a tweeter, ie, a small loud­
speaker that responds well to low frequencies. Most
of the acoustic energy in speech is below 2,500 Hz
and small diaphragms do not respond well below
1,000 Hz. The task of the engineer is to take the op-

SSL.045WF5
"n's A BABY' 29 AUG 1985
Wi'6
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Fig 5, Amplitude/time spectrum of synthesized sentence, A) Waveform 3 as sound source, B) waveform 6 as sound source.
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Fig 6. Results of listening tests showing percent waveform
preference of 462 utterance pairs. WI-W16 - waveform
types 1 to 16, W17 - diplophonia, SQ - square wave,
TR - triangular wave, SA - sawtooth wave, KW __:

Klatt sound source, SI - sine wave, I - standard error.

timurn acoustic characteristics of the device and
produce a diaphragm with an output that best ap­
proximates it. Recent. and ongoing advances in

loudspeaker and headphone design make it likely
that the approximation will be very close.

pharyngeal artificial larynx. A radio transmitter is

placed on the surface skin above the receiver and is
driven from a pack measuring 2.5 x 7.5 x 12.5 ern

fixed to the patient's belt. The driver unit can be ad­
justed by the technician to control the overall loud­
ness, pitch range, highness or lowness of the pitch,
intonation contours, and voice quality itself by
changing the circuitry. The device is turned on and
off at the belt or by a switch in the pocket (Fig 1A).

The original artificial larynx (Fig 1D) measured
2.5 em x 1 cm, weighed 75 g, and was encased in
No. 316 stainless steel. The porousness of the surface
allowed for tissue ingrowth, and the lead was of
low-resistance silver coaxial cable coated with
Silastic." The current artificial larynx (Fig 2) is 0.5
ern thick and has been designed to provide adequate
output using a transcutaneous driving source. It is
encased in titanium with the exception of the Tef­
lon-sealed diaphragm itself. An even smaller ver­

sion has been bench-tested. The company responsi­
ble for the production of the device considers that,
given the economics of scale, it can be manufac­
tured at an acceptable cost.

FUTURE WORK

Once we have produced a new version of the de­
vice with improved voice quality and reduced size,

The present version of the implant (Fig 2) has a we plan a limited clinical investigation with six vol-
subcutaneous radio receiver just below the clavicle unteer patients to test the clinical utility of the im-
connected by an internal sealed wire to the retro- plant.
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SELECTION OF VIDEO CAMERAS FOR STROBOSCOPIC
VIDEOLARYNGOSCOPY

FREDERICK GODLEY, MD
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NEW HAVEN, CONNECTICUT

Stroboscopic evaluation for the analysis of laryngeal function and disease has been reemphasized recently and its routine clinical use

recommended. Many have found, however, that it is not always possible to obtain consistently satisfactory video images of stroboscopic
laryngoscopy. The problem is related to the low intensity of the xenon light source during stroboscopy. The authors have tried many dif­
ferent video cameras available, along with the Bruel & Kjaer Rhino-Larynx Stroboscope type 4914, and two types of endoscopes (flexible
and rigid). The cameras included 1) single tube camera, 2) single chip metal oxide semiconductors (MOS) solid-state camera, 3) single chip
charge-coupled devices (CCD) solid-state camera, 4) three-tube camera, and 5) three-chip CCD camera. Currently available video
cameras and their adaptability for stroboscopic videolaryngoscopy are discussed.

KEY WORDS - stroboscopic videolaryngoscopy.

Since the early stroboscopic examination of the
human vocal cords by Oertel in 1895,1 many in­

vestigators have emphasized the value of strobo­
scopic laryngoscopy.v " Von Leden et al,":" Hirano
et al,14,17 Kitzing'" and other proponents'':" have

pointed out the advantages of stroboscopic laryn­
goscopy and recommended its routine use in laryn­
geal examination.

Recent advances in the technology of video cam­

eras have improved our ability to visualize and to

document vocal cord vibration dramatically. In

1978, Kittel described the use of a microtelevision
lens to provide an enlargement of the stroboscopic
laryngeal examination on a screen.ll In 1979, Yo­
shida et al'" reported their design of a videotape sys­
tem that recorded the strobotelescopic images of the
larynx. Since these early reports there has been rap­
id development of electronic and fiberoptic equip­
ment that can be applied to stroboscopic video­
laryngoscopy. On the one hand, the wealth of the
new products has produced affordable systems for
more otolaryngologists, but, on the other hand, it
has made the choice among products more difficult.

In an attempt to find a suitable video camera for

stroboscopic videolaryngoscopy, we have sampled
nine cameras from the broad, range of equipment
available. Using the Bruel & Kjaer Rhino-Larynx
Stroboscope we tested the following video cameras

with both flexible and rigid endoscopes: 1) single
tube camera, 2) single chip metal oxide semicon­
ductors (MaS) solid-state camera, 3) single chip
charge-coupled devices (CCD) solid-state camera,

4) three-tube camera, and 5)· three-chip CCD cam­

era.

EQUIPMENT
The following equipment was used for this study:

RHINO-LARYNX STROBOSCOPE TYPE 4914

(BRUEL & KJAER)
This stroboscope is simple to operate and is

equipped with a stethoscope-type laryngeal micro­

phone that is placed over the lateral aspect of the

subject's neck to provide the frequency input to the
stroboscope (Fig 1). The operator then controls two

functions of the stroboscope with a foot pedal.
When the foot pedal is depressed all the way, a

fixed light source provides excellent illumination for
direct examination as well as video recording of the

anatomy and the function of the larynx. The fixed

light is a 150-W halogen lamp. When the foot pedal
is pressed lightly, it changes to the stroboscopic
mode. The stroboscopic light has two operating
modes: the first is the phase delay, which varies be­
tween 0° and 360°, and the second mode is a fixed

frequency (1.4 Hz) slow motion stroboscope light.
The light source of the stroboscope is a xenon-filled
flash tube. The stroboscope unit measures 177 mm

Fig 1. Bruel & Kjaer Rhino-Larynx Stroboscope type 4914.

From the Section of Otolaryngology, Department of Surgery, Yale-New Haven Hospital (Yanagisawa, Godley) and Yale University School of Medi­
cine (Yanagisawa); the Section of Otolaryngology, Department of Surgery, Hospital of Saint Raphael (Yanagisawa); and Haskins Laboratories (Muta),
New Haven, Connecticut.
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(7 in) x 430 mm (16.9 in) x 320 mm (12.6 in). It costs

approximately $13,000.
ENDOSCOPES

Flexible Fiberscope
Olympus ENF-P 3.7 mm diameter (Olympus
Corp) (Fig 2A, top; and 2B)

Rigid Telescope
Nagashima SFT-I (Kelleher Medical, Rich­
mond, Va) (Fig 2A, bottom; and 2C)

VIDEO CAMERAS

Single Tube Cameras
Panasonic PK-973

JVC GX-N8U (Fig 3B)
Hitachi DK-3000

Three- Tube Cameras
Hitachi DK-5050 (Fig 3A) and DK-5053

Single Chip MOS Solid-State Camera
Hitachi VK C2000

Single Chip CCD Solid-State Camera
Karl Storz 9000 '

Panasonic WV-3260/8AF (Fig 3C)
Olympus Movie 8 VX-801-KU

Three-Chip CCD Camera

Sony DXC-3000P

TECHNIQUE
Each video camera was tested with both the

Olympus ENF-P flexible fiberscope and the Naga­
shima SFT-I rigid telescope.

Fig 2. Stroboscopic videolaryngoscopy. A) Endoscopes used:
Olympus ENF-P flexible fiberscope (top) and Nagashima SFT-I

rigid telescope (bottom). B,C) Techniques using flexible fiber­
scope (B) and rigid telescope (C).

The flexible fiberscope was passed transnasally
after the application of 3 % ephedrine and 4 % lido­
caine (Xylocaine) to the nasal and nasopharyngeal
mucosa (Fig 2B). The rigid telescope was intro­
duced transorally after the topical application of
4 % lidocaine to the soft palate, the pharynx, and
the posterior half of the tongue (Fig 2C). For the

telescopic examination, the examiner held the video
camera in one hand and inserted the telescope into
the mouth while holding the subject's tongue with
the other hand. When the desired image appeared
on the monitor screen, the laryngeal image was

centered on the screen using the television monitor
or the viewfinder of the camera.

The larynx .first was examined using the standard
illumination of the Briiel & Kjaer stroboscope dur­

ing respiration and phonation. The stroboscopic ex­

amination was carried out using the xenon light
source of the stroboscope while the stethoscope-type
laryngeal microphone was pressed against the later­
al aspect of the thyroid cartilage of the neck. A sep­
arate microphone rather than the built-in micro­

phone of the camera was held in front of the mouth
to obtain high quality voice recording. For each
test, the subject produced sustained vowels repeat­
edly at low, normal, and high pitch. The same sub­
ject was used under the same conditions for all the
cameras tested.

RESULTS

All recorded material produced by different
cameras was reviewed and judged by a panel of
three otolaryngologists (present authors) and one

audiovisual specialist. The performance of each
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video camera was graded as poor, fair, good, or ex­

cellent in terms of its sensitivity, color, and resolu­
tion of stroboscopic images with both the Olympus
ENF-P fiberscope and the Nagashima SFT-I rigid
telescope. We also observed some of the technical

problems encountered with these cameras. The

summary of our findings is shown in the Table.

The Panasonic PK-973 (minimal illumination 30

lux) produced an excellent view of enlarged strobo­

scopic images of the larynx with the telescope.
However, the image obtained by the fiberscope was

fair. The Nagashima video adapter F-60mm was

used for the telescope while the Karl Storz 35- to

70-mm zoom lens adapter was used for the fiber­

scope.

The JVC GX-NBU camera (minimal illumination
10 lux) (Fig 3B) produced surprisingly good images
of both the fiberscopic and telescopic, stroboscopy
(Fig 4G-L)� The brightness and color retention
were very good to excellent with the telescope. The
mucosal waves were very well shown. The camera

is equipped with a convenient viewfinder that
greatly facilitated in positioning the vocal cords in
the center of the screen during the examination. To
attach the endoscope to the front of the camera

lens, the Karl Storz quick-connect adapter was used
for the fiberscope while the Machida adapter was

used for the telescope.
The Hitachi DK-3000 (minimal illumination 25

lux) was not quite as light-sensitive as the JVC GX­
NBU home video camera although the resolution
appeared to be better. With the fiberscope, the im-

Fig 3. Video cameras. A) Hitachi DK-5050 three-tube color
camera, B) JVC GX-NBU single tube home video camera, and C)
Panasonic WV-3260 single chip CCD home video camera.

age was fair to good. With the telescope, it pro­
duced a large full-screen size picture, but the reso­

lution was not satisfactory. The Karl Storz zoom

lens adapter was used for the fiberscope while the

Nagashima adapter was used for the telescope.
The Hitachi DK-5050 (Fig 3A) is a high perform­

ance three-tube color video camera specifically de­

signed for medical use. This camera produced the
best quality images by far for both fiberscopic and
telescopic stroboscopic laryngoscopy in termsof col­
or, sensitivity, and resolution (Fig 4A-F). Special
adapters made for the Nagashima telescope and the

Olympus fiberscope by the Hitachi Company were

used.

The control unit of the Hitachi DK-5050 is

equipped with a special sensitivity switch. When
the stroboscopic image with the fiberscope is dark,
the sensitivity of the camera is increased by turning
the sensitivity switch to the + 9-dB or + IB-dB posi­
tions. This results in considerably brighter fiber­

scopic images.
We also used the Hitachi DK-5053, which is a

somewhat simplified model of the Hitachi DK-5050
and costs considerably less. We have found that this
camera performed exactly the same as the DK-5050
for stroboscopic videolaryngoscopy.

The Karl Storz single chip CCD camera 9000

(minimal illumination 30 lux) was an amazingly
small, lightweight camera (55 g [1. 77 oz]). When
used with the Karl Storz zoom lens adapter, the
camera was not sensitive enough to produce a satis­

factory fiberscopic image. In contrast, it did have a
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COMPARISON OF VIDEO CAMERAS

Minimal Horizontal Fiberscop_e
Video Camera Pickup Device Illumination (lux) Resolution Brightness Color Resolution

Panasonic PK-973 2/3 in single tube 30 300 lines Good Fair Fair
(Newvicon)

JVC GX-N8U 1/2 in single tube 10 300 lines Good Fair Good
(Newvicon)

Hitachi DK-3000 2/3 in single tube 25 350 lines Fair Fair Poor

(Newvicon)
Hitachi DK-5050 2/3 in three tube 16 �ctually much low- 550 lines Very Very Very

(Chalnicon) er t an listed) good good good
Hitachi VK C2000 2/3 in single chip MOS 100 260 lines Poor Poor Poor

Karl Storz 9000 2/3 in single chip CCD 30 360 lines Poor Fair Fair

Panasonic WV-3260/
8AF 2/3 in single chip CCD 7 380 lines Good Good Good

Olympus Movie 8
FairVX-801-KU 112 in single chip CCD 7 Not listed Good Good

Sony DXC-3000P 2/3 in three chip CCD 30 520 lines Fair Fair Fair

full screen size and adequately bright stroboscopic
images for the telescopic examination when used
with the Nagashima adapter. The mucosal waves

were very well visualized although the resolution
was not as fine as one would want. There were no

horizontal lines or stripes with this camera.

The Panasonic WV-3260/BAF home video cam­

era (minimal illumination 7 lux) (Fig 3C) was very
light-sensitive and produced adequately bright im­

ages (Fig 4M-R). However, the images were grainy,
particularly with the fiberscope. It retained color
very well. There was a great deal of flickering of the
images that interfered with the observation of the
mucosal waves.

The Olympus Movie B VX-901-KU is a new com­

pact, lightweight, home video camera equipped
with a built-in B-mm recorder. This had an excel­
lent sensitivity of 7 lux. The images obtained by the
fiberscope were fair to good. The images obtained
by the telescope were amazingly good for the size

and the cost of the camera. The mucosal waves of
the vocal fold motion were shown very well.

The Sony DXC-3000, a three-tube color camera

(professional use), is relatively lightweight, but the
size was considerably larger than any other cameras

used. It had to be used with a tripod. The picture
obtained appeared to be quite good but, since the
camera was equipped with a bayonet-type, not

C-mount, coupler, it required a specifically de­
signed cine-adapter. These problems make it un­

suitable for stroboscopic videolaryngoscopy.
DISCUSSION

All video cameras use one of two fundamentally
different image pickup devices: 1) conventional
vacuum tube pickups and 2) newer, solid-state im­

age sensors (Fig 5). Each of these systems converts

light intensity to an electrical signal that can then
be converted to a video signal. This video signal can

be displayed then on a video monitor or stored on a

magnetic tape.

COMPARISON OF VIDEO CAMERAS (continued)

Telescop_e
Bright- Resolu-

Video Camera ness Color tion

Panasonic PK-973 Excellent Good Very
good

JVC GX-N8U Excellent Excellent Very
good

Hitachi DK-3000 Good Good Good

Hitachi DK-5050 Excellent Excellent Excellent

Hitachi VK C2000 Poor Poor Poor

Karl Storz 9000 Good Good Good

Panasonic
WV-3260/ 8AF Very Very Very

good good good

Olympus Movie 8
VX-801-KU Very Very Very

good good good
Sony DXC-3000P Very Very Very

good good good

Problems
Horizontal Moire

Strip_es Flickering Effect
++

Weight Price

2.7 kg (6 lb) with $900 (1985)
lens

1.06 kg (2.3 lb) Approx $800
(1986)

---

0.37 kg (0.8 lb) Approx $5200
(1987)

1.1 kg (2.4 lb) - Approx $24,000
(1987)

1.7 kg (3.74 lb) $2,000 (1986)
55 g (1. 77 oz) $12,000 (1986)

3.06 k1 (6.8 lb) in- $1,300 (1987)
eludes ens view
finder

1.3 kg (2.9 lb) Approx $1,600
(1987)

3.3 kg (7 lb 4 oz) $6,000 (1986)

+++ ++

+ +

+

++ +

++

+

+++ ++

++ +

+++
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Fig 4. Stroboscopic images produced by different video cameras. A-F) Images with Hitachi DK-5050: telescopic view (A-C);
fiberscopic view (D-F). G-L) Images with Jve GX-NBU: telescopic view (G-I); fiberscopic view (J-L).

The conventional pickup tubes create video im­

ages with electron beam scanning, which horizon­
tally scans a photoconductive surface to convert

light intensify to an electrical signal. At present, the
major advantages of the pickup tube video cameras

are their high resolution and better sensitivity (Fig
4A-I). Therefore, they function well under the low­
light conditions of laryngostroboscopy. Unfortu­
nately, the vacuum tube is fragile mechanically and
easily damaged permanently by overexposure to

light. Finally, with the electron beam scanning sys­
tem, the stroboscopic light creates horizontal line
artifact corresponding to each strobe flash (Fig
4A-C,G-J). A light streaking or "comet tail" effect is
a usual disadvantage of tube pickup cameras, but
with stroboscopic imaging, this afterimage helps to
reduce the artifact of horizontal lines.

The solid-state pickup technology that utilizes
silicon chips and integrated circuits is a rapidly
evolving area of video imaging. The solid-state
cameras have the obvious advantages of better
shock resistance and miniaturization. The solid­
state pickups are classified into 1) MOS type and 2)
CCD type, among others (Fig 5). The C.CD system
is the most popular at present. By their method of
reading the light-intensity data from the photocon­
ductive elements, the MOS is also called an X-Y ad­
dressing type, and the CCD a data transfer type.
Pickups of the X-Y addressing type generate the im­

age signal by accessing selectively and reading the
light intensity of a photoconductive element of each
pixel similar to accessing the memory bits in com­

puters. Pickups of the data transfer type store the
data of light intensity of each pixel into the analog
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Fig 4 (continued). M-R) Images with Panasonic WV-3260/8AF: telescopic view (M-O); fiberscopic view (P-R).

memory elements that are located next to each pho­
toconductive element. The image signal is gener­
ated by transferring the data from analog memory,
one after another. 20,21

While the pickup tubes form video images by suc­

cessive electron beam scanning, the CCD system
forms video images by simultaneously accumulating
light intensity from all of the picture elements that
cover the pickup surface. This system correlates
with the method of storing pictures on a movie film.

The advantage of the CCD system is that it is not

associated with the artifact of horizontal lines (Fig
4M-O). Unfortunately, CCD cameras create the ar­

tifact of flickering. When an unequal number of
strobe flashes fall on successive frames, the video

image appears to flicker. This occurs when the fun­
damental frequency of vocal fold vibration is not a

multiple of the video frame frequency - 30
framesls in the United States. The CCD systems are

manufactured with two exposure speeds: 1/30-second
exposure (frame integration mode) and 1/60-second
exposure (field integration mode). A CCD system of
frame integration mode accumulates light intensity
over 1/30 second, which is twice as long as the one

field period (1/60 second), in order to form an image
for each video field. On the other hand, a CCD

system of field integration mode accumulates light
intensity over 1/60 second for each field, which is the
same as the one field period. The effect of ac­

cumulation time for a video frame is the same as

that of exposure speed for still photographs. Gener­

ally, higher exposure speed is better for moving ob­

jects; however, slower exposure speed is advan­

tageous for videostroboscopy because of low associ­
ation with the flicker phenomenon. The effect of ex­

posure speed is independent of the frame rate. A
CCD system that uses a 1/30-second exposure time

has a low association with the flicker phenomenon.
This is because the longer the exposure time, the
more nearly equal will be the amount of light fall­
ing on each frame.

There are several ways to improve the strobo­
scopic video image common to both the tube and
solid-state systems. The first is to increase the num­

tier of pickups. The three-pickup systems improve
both the sensitivity and resolution of the image.
Furthermore, these systems minimize the moire ef­
fect (Fig 4D-F). This electronic artifact appears as

any abnormal color pattern on the video monitor,
more commonly as a colored strip. The moire effect
is a disadvantage common to both types of single
pickup color cameras when used with a flexible
fiberscope (Fig 4J-L,P-R). This problem is created
by the interface between the individual fiberoptic
fibers and the color separation filter array of the
video pickup device. Some of the major drawbacks
of three-tube cameras at present are that 1) they
cost significantly more than single pickup cameras,
2) they are shaped awkwardly and are difficult to

handle, and 3) they have a bayonet-type coupler
and require their own adapters, which are costly.
They are not available as home video cameras yet.

The second way to improve the stroboscopic vid­
eo image is to use a high sensitivity single pickup
video camera. Video cameras each have a minimal
illumination, or lux. This is a measure of how much
better the camera's light sensitivity is;' cameras with
a low lux produce a brighter image with better col­
or saturation. There are two generalizations to be
made: 1) pickup tube cameras have lower lux num­

bers than the CCD cameras, but this trend is now

changing; and 2) for the best images with a fiber­
scope, the minimal illumination of a single tube or

chip camera should be below 7 lux.
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Vacuum Tube Pickups

Solid-State Pickups

Image Pickup Devices MOS Type
(Metal Oxide Semiconductors)

X-Y Address Type

CCD Type
(Charge-coupled Devices)

Data Transfer Type

The use of a video camera with a smaller diame­
ter pickup device is another way to improve the
stroboscopic video image. The difference in size of
the pickup device will affect the final results of
video images on the monitor screen. The smaller the
pickup device diameter, the larger the image on the
video screen. For example, the image obtained by a

1/2 in image device may fill the entire monitor screen

while the image produced by a 2/3 in image device
will occupy about half of the screen (Fig 6). This
ratio of the diameter is 3:4. The image obtained by
a 1/2 in pickup device is about 33 % larger in diame­
ter than that obtained by a 2/3 in pickup device, pro­
vided that the same adapter with the same focal
length of the camera is used. This means that the
size of the image obtained by a 1/2 in device is about
80 % larger in area. When the size of the image ob­
tained by a 1/2 in device is decreased by using a

shorter focal length of the camera or the adapter, a

much brighter image on the monitor screen can be
obtained. This is important in stroboscopic video­
laryngoscopy because the amount of light produced
by a stroboscope is fixed.

Finally, the selection of a video camera for stro­

boscopic videolaryngoscopy depends greatly on

whichtype of endoscope is used. Since the diameter
of the telescope is generally larger than that of a

fiberscope and the telescope transmits more light, it .

produces a much brighter and clearer stroboscopic
image. If the telescope alone is used, therefore,
many cameras available today are adequate for
stroboscopic 'videolaryngoscopy. In our study, all
video cameras tested except for the Hitachi VK
C2000 (a 2/3 in single chip MOS) produced adequate
stroboscopic images with a telescope.

If the fiberscope is used exclusively for strobo­
'scopic videolaryngoscopy, a much more light-sensi­
tive video camera is required. Only the Hitachi
DK-5050 and DK-5053 produced consistently relia­
ble high quality stroboscopic images with a fiber­
scope. Hirano et aP7 emphasized the advantages of
fiberscopic videostroboscopy over telescopic video­
stroboscopy, citing application for children, pa­
tients with an omega-shaped or infantile epiglottis,
and patients with a supraglottic mass or swelling.

Frame Integration Mode Fig 5. Types of image pickup de­
vices.

1/30 sec Exposure

Field Integration Mode

1/60 sec' Exposure

They also emphasized that the fiberscopic examina­
tion allows the patient to phonate in the normal
head position, thus producing habitual or more nor­

mal speech during the examination. For telescopic
videolaryngoscopy, patients have to phonate while
maintaining an unusual head position. In order to
achieve high quality, closeup stroboscopic video im­

ages with a fiberscope, we recommend the use of a

three-tube camera, a wider diameter flexible fiber­
scope such as Olympus ENF-L (4.4 mm), and ap­
propriate topical anesthesia of the laryngeal sur­

face.

CONCLUSION

The three-tube camera such as the Hitachi
DK-5050 or its simplified model DK-5053 (con­
siderably less expensive) has produced the best
stroboscopic images of the larynx. We highly rec­

ommend these three-tube cameras for those inves­
tigators who wish to obtain high quality stro-

[----------�--------mD 20 inch ¢.i->:" --------1 Pickup

Object
Image

Monitor Screen

Video Image is smaller with a larger pickup.

Video image becomes larger with a smaller pickup. Larger Image

[----------0.. -----BD 112 inch

---------- -----� P��p

Smaller Image
Object Shorter

Focal Length Mon�or Screen

Brighter Image

Brighter image is obtained with a smaller pickup and
a shorter focal length lens.

Fig 6. Effect of video images on monitor screen by dif­
ferent size pickup devices.
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boscopic video images for both a fiberscope and a

telescope.
The ideal single pickup device (either tube or

chip) for stroboscopic videolaryngoscopy is one

with high light sensitivity (low lux), a smaller diam­
eter (1/2 in rather than 2/3 in) pickup device, a zoom

lens capability, and one that remains compact,
lightweight, and affordable. In our opinion, the
minimal illumination of the video camera for stro­

boscopic videolaryngoscopy should be below 10 lux.

The JVC GX-NBU (10 lux, 1/2 in single tube) ful­
filled most of the above-mentioned requirements
and produced very satisfactory results (this was our

choice among low-cost video cameras). The Pana­
sonic WV-3260 (7 lux, 2/3 in single chip CCD) pro­
vided adequately bright images but produced more

flickering and moire effect. The newer Olympus

Movie B compact camcorder (7 lux, 1/2 in single chip
CCD) produced surprisingly bright stroboscopic
images. For these low-budget video cameras, we

recommend the use of a telescope rather than a fi­

berscope for stroboscopic videolaryngoscopy.

Flickering, moire effect (abnormal color lines),
and horizontal stripes were some of the problems
encountered during stroboscopy and made the in­

terpretation of the stroboscopic images of the larynx
difficult in some instances. The single CCD cameras

had a tendency to produce more noticeable flicker­

ing and moire effect when used with a fiberscope.
The chief advantage of a CCD camera was an ab­
sence of horizontal stripes almost always noted dur­

ing videostroboscopy with a pickup tube camera.

No or little flickering was noted with the pickup
tube camera.
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VOCAL FUNCTION FOLLOWING HEMILARYNGECTOMY
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Vocal function following hemilaryngectomy was investigated in 54 cases in which a superiorly based sternohyoid muscle flap was used
for glottic reconstruction. Four types of material were employed for covering the muscle flap: hypopharyngeal mucosa, lip mucosa,

thyroid perichondrium, and island cervical skin flap. The vocal function varied greatly from individual to individual; however, the follow­

ing tendencies were observed in many cases: 1) the glottis did not close completely; 2) supraglottic structures (false fold, arytenoid region,
and epiglottis) were hyperfunctional and vibrated instead of or together with the unaffected vocal fold; 3) vibrations of the laryngeal struc­

tures were irregular; 4) maximum phonation time was short; 5) mean airflow rate was high; 6) fundamental frequency and intensity
ranges of phonation were limited; 7) the voice was rough, breathy, and/or strained; and 8) cases with poor vocal function were most fre­

quent in the skin flap group and least frequent in the lip mucosa group.

KEY WORDS - hemilaryngectomy, vocal function.

In 1976, one of the present authors (M.H.) re­

ported a technique of glottic reconstruction follow­

ing hemilaryngectomy and its preliminary func­
tional results. 1 This technique employed a superior­
ly based sternohyoid muscle flap covered with hy­
popharyngeal mucosa or a free graft of lip mucosa.

We have been using this technique since 1971 and
followed up the patients for functional evaluations
as well as for oncologic results. This paper describes
postoperative vocal function and discusses several
issues related to glottic reconstruction following
hemilaryngectomy.

SUBJECTS AND METHODS

A total of 54 patients were investigated in this
study. All patients had previously undergone hem­
ilaryngectomy followed by glottic reconstruction.
Of the 54, 53 were men and one was a woman.

Their ages at surgery ranged from 34 to 92 years,
with an average of 64 years. The surgery was con­

ducted for carcinoma of the larynx in 52 patients,
for extensive papilloma in one, and for extensive

primary amyloid tumor in one.

Since the surgical technique was previously re-.

ported in detail;' only a brief explanation will be
given here. The lesion was removed basically with
the extended frontolaterallaryngectomy. technique.
The glottis -was reconstructed with a superiorly
based sternohyoid muscle flap. The muscular bulge
was covered by hypopharyngeal mucosa or a free
graft of lip mucosa in the early period of use. The
outer perichondrium of the thyroid cartilage was

used for a time and, more recently, island cervical
.

skin Flap" was employed to cover the muscular
bulge. In the present series, hypopharyngeal
mucosa was used in 16 cases, lip mucosa in 15,

perichondrium in two, and island skin flap in 21.

Vocal function was evaluated by means of the

following tests: 1) maximum phonation time

(MPT); 2) mean airflow rate (MFR) during phona­
tion; 3) fundamental frequency range (Fo range) of

phonation; 4) intensity range of phonation; 5)
strobofiberscopy of the larynx during phonation;
and 6) psychoacoustic evaluation with the use of the
GRBAS scale. The details of these tests have been
described elsewhere. 3-5

The evaluation of vocal function was conducted 1
month to 13 years 10 months (average, 2 years 11

months) after surgery. In the majority of the cases

(48 of 54), the interval from the surgery to the tests

was 6 months or longer, and in 37 cases, 1 year or

more. In some cases, some of the tests could not be
conducted. No voice therapy was given to any pa­
tient.

RESULTS

MAXIMUM PHONATION TIME

Table 1 shows MPT for each material used for

covering the muscle flap. There were great in­
dividual variations in MPT in each group. In most

patients, MPT was shorter than the normal average
value (approximately 25 seconds). Values of less
than 10 seconds, which are abnormally short," were

observed most frequently for island skin flap (12 of

21) and least frequently for lip mucosa (1 of 14).
Maximum phonation time was not related to the in­
terval after the surgery in the present series.

MEAN AIRFLOW RATE

Table 1 presents MFR by the material employed
for covering. Again, there were great individual
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TABLE 1. MAXIMUM PHONATION TIME AND MEAN

AIRFLOW RATE

Hypo- Peri-
pharynx Lip chondrium Skin
(N = 162 (N = 152 (N=22 (N = 212

Maximum phonation time(s)
Average 12.1 15.4 18.6 9.3
Minimum 4.0 6.0 6.7 2.1
First quartile 8.3 12.2 5.8
Median 11.7 15.4 18.6 9.6
Third quartile. 14.2 18.1 12.1
Maximum 21.2 22.7 30.4 16.6

Mean airflow rate (mLls)
Average 271 249 287 293
Minimum 115 60 161 100
First quartile 189 208 159
Median 260 236 287 278
Third quartile 335 288 376
Maximum 513 590 413 566

differences in MFR in each group. In most patients,
MFR was greater than the normal average value
(100 to 150 mLls). The rate of occurrence of abnor­
mally high MFR, ie, more than 200 mL's,:' did not

differ significantly among the material groups.
Very high MFRs of more than 300 mLIs were least

frequent for lip mucosa (1 of 15). There was no rela­
tionship between MFR and the interval from the
surgery.

FUNDAMENTAL FREQUENCY RANGE OF PHONATION

Fundamental frequency range for each group is
shown in Table 2. Data were available for 37 pa­
tients. The Fo range varied greatly from individual
to individual in each group, and it was abnormally
small in many cases. Ranges of 24 semitones (two
octaves) or greater, which fall in the normal range,"
were observed in only eight cases. The rate of occur­

rence of a normal Fo range did not differ signifi­
cantly among the groups.

INTENSITY RANGE OF PHONATION

Table 2 shows the intensity range of phonation
for each group. Data were available for 37 patients.
There were great individual differences in intensity
range in each group except for the perichondrium
group. There are no normative values reported for
the intensity range. We measured the intensity
range in 11 age-matched normal subjects. The
values ranged from 30 to 35 dB in nine of the 11

subjects. In most patients (32 of 37) of the present
series, the intensity range was less than 30 dB.

STROBOSCOPIC FINDINGS

Stroboscopic examinations were conducted in 42

patients.

Vibrating Structure. The most striking finding
was the fact that the unaffected vocal fold did not

vibrate in many cases. Some other structures vi­
brated instead, in order to produce vocal sound.
Table 3 shows the vibrating structures in each
group. On the operated side, no structures vibrated
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TABLE 2. FUNDAMENTAL FREQUENCY AND
INTENSITY RANGES

Hypo- Peri-
pharynx Lip chondrium Skin
(N=92 (N=62 (N=22 (N =202

Fundamental frequency range (semitones)
Average 17 19 18 20

Minimum 7 9 15 10

First quartile 14 15 13

Median 15 19 18 21

Third quartile 21 27 24

Maximum 26 29 21 35

Intensity range (dB SPL)
Average 24 23 19 20
Minimum 15� 16 18 6
First quartile 20 16 16

Median 22 20 19 20

Third quartile 28 25 24

Maximum 32 41 19 31

during phonation in 25 of the 42 cases (60 % ). The
reconstructed bulge at the glottis vibrated in 5 of
the 13 hypopharyngeal mucosa cases and two of the
nine lip mucosa cases, but in none of the perichon­
drium and skin flap cases. The bulge in the latter
groups was stiff. Two patients in the skin flap group
showed vibrations of the mucosa of a small upper
portion of the false vocal fold. The major portion of
the false fold had been previously removed. In a to­

tal of ten patients, the mucosa of the arytenoid re­

gion vibrated. Two patients in the hypopharyngeal
mucosa group showed vibrations of both the bulge
and the arytenoid region.

On the unaffected side, the vocal fold displayed
vibration in seven of the 13 hypopharyngeal mucosa

cases, six of the nine lip mucosa cases, one of the
two perichondrium cases, and three of the 18 skin
flap cases. The occurrence of vocal fold vibration
was less frequent for the skin flap group. The false
fold vibrated in a total of 23 of the 42 patients
(55 % ). The incidence of false vocal fold vibration
was almost the same for every group. Vibration of
the arytenoid region was frequently observed in the

TABLE 3. VIBRATING STRUCTURES

Hypo-
pharynx Lip
(N = 132 (N = 92

Peri­
chondrium

(N=2)
Skin

(N = 182
Operated side

Bulge 5 2 0 0
False vocal fold * 0 0 0 2

Arytenoid 3 2 0 5
None 7 5 2 11

Unaffected side
Vocal fold 7 6 1 3
False vocal fold 8 5 1 9

Arytenoid 1 2 0 10
None 0 0 0

Epiglottis 1 0 0

Mucus only 0 0 0
In some cases, there were two or more vibrating structures on one or

both sides of larynx.
"Small upper portion of false vocal cord. Major portion had been
removed.
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TABLE 4, REGULARITY OF VIBRATION AND
DEGREE OF GLOTTIC CLOSURE

Hypo- Peri-
pharynx Lip chondrium Skin
(N = 13L (N=9L (N=2L (N = 18L

Regularity of vibration

Regular 4 4 0 2

Irregular 9 5 2 16

Glottic closure

Complete 4 3 0 1

Incomplete 9 6 2 17

skin flap cases. In one case of the skin flap group, no

laryngeal structures showed vibration. Only mucus

on the constricted supraglottis displayed irregular
vibration, generating a friction sound. In some

cases, two or more structures on the unaffected side
vibrated during phonation.

In two cases, the mucosa of the epiglottis facing
the vibrating arytenoid region was involved in vi­
bration.

/{egularity oj Vibration. Successive vibrations
during phonation were irregular or aperiodic in 32
of the 42 patients (76 %; Table 4). Irregular vibra­
tions were more frequently observed in the peri­
chondrium and skin flap groups than in the pharyn­
geal and lip mucosa groups.

Glottic Closure. During vibratory cycles, the
glottis failed to close completely in 34 of the 42 pa­
tients (81 %; Table 4). Incomplete glottic closure
was more frequently observed for the perichondri­
um and skin flap groups than for the pharyngeal
and lip mucosa groups. The glottic gap was particu­
larly wide in many cases of the skin flap group dur­
ing phonation.
PSYCHOACOUSTIC EVALUATION OF VOICE

The voice was hoarse in all patients, except for
one in the lip mucosa group. Table 5 shows the re­

sults of psychoacoustic evaluation of the hoarse
voice by means of the GRBAS scale. A high-grade
(G3) hoarseness was found more frequently in the
skin flap group than in the other groups. The voice'

quality was rough, breathy, and/or strained in al­
most all cases. Asthenic voice was rare.

COMMENTS

The results of the present study are summarized
as follows. The vocal function following hemila­
ryngectomy was inferior to that in normal persons.
The voice was hoarse in all cases except one. Rough-

. ness, breathiness, and strain were frequently noted
in the voice quality. Roughness appears to have
been caused by irregular vibrations, breathiness by
incomplete glottic closure, and strain by hyperfunc­
tional supraglottic structures. In many cases, MPT
was short and MFR was high, reflecting chiefly the
glottic incompetence. The Fo and intensity ranges
of phonation were limited in many cases, and can

be attributed to the lack of muscular control on one

TABLE 5, PSYCHOACOUSTIC EVALUATION WITH
GRBASSCALE

Hypo- Peri-
pharynx Lip chondrium Skin
(N =13L (N=10L (N=2L (N =18L

Grade 0 0 1 0 0
(G) 1 2 3 1 2

2 9 4 1 8
3 2 2 0 8

Rough 0 2 2 1 1
(R) 1 6 3 1 5

2 5 4 0 10
3 0 1 0 2

Breathy 0 1 1 0 3
(B) 1 5 5 1 4

2 6 2 1 7
3 1 2 0 4

Asthenic 0 13 9 2 17
(A) 1 0 1 0 0

2 0 0 0 1
3 0 0 0 0

Strained 0 4 4 0 3
(S) 1 5 2 2 4

2 3 3 0 6
3 1 1 0 5

side of the larynx. Among the four types of material
used for covering the bulge, lip mucosa tended to

result in a relatively good vocal function, whereas
island skin flap was likely to cause a poor function.

One of the problems with the present reconstruc­

tive technique is that the muscle flap becomes

atrophied to a certain extent. 6,7 Therefore, the

bulge should be made larger in size in anticipation
of the atrophy that will take place. We follow this

principle whenever we use the pharyngeal or lip
mucosa or the thyroid perichondrium. As a result,
the airway is temporarily narrowed and the pa­
tients have to have a tracheostoma open for a fairly
long tirne.' When an island skin flap is used, the
muscular bulge does not protrude beyond the mid­

sagittal plane because the skin flap is stretched. As a

result, the tracheostoma can be closed earlier. Fur­

thermore, the surgical procedure is simpler than
when mucosa is used for covering." The present
study, however, demonstrated that the vocal func­
tion tended to be inferior when island skin flap was

used, compared to the two types of mucosa. The

greatest problem with the free graft of lip mucosa is
occasional necrosis. 1

Reports on vocal function following hemilaryn­
gectomy are limited. 1,2,6,8-11 Nevertheless, there are

some common findings. The' glottis does not com­

pletely close in many cases. 1,2,6,9 Supraglottic struc­

tures including the false fold, arytenoid region(s),
and epiglottis are hyperfunctional in order to com­

pensate for the glottic incompetence.t-t+":" These

supraglottic structures vibrate instead of or together
with the unaffected vocal fold.6,8,9,l1 Vibrations of
the supraglottic structure are irregular, 6,9 resulting
in a rough quality of voice. The glottic incompe­
tence causes a short MPT and high MFR. 2,6,9,11 The

ability to regulate Fo and vocal intensity is
limited. 2,11
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It should be noted that there are great individual

differences in vocal function even after the same

surgical procedure conducted by the same surgeon.
In other words, precise functional results are not

predictable. This may be attributed to individual
differences in changes of the reconstructed struc­

ture? and in compensatory behavior. Development
of surgical techniques that assure predictable func­
tional results is necessary.
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Comparisons of vocal function among the dif­
ferent surgical techniques are not possible, because
there are no internationally standardized methods
for evaluation of vocal function. Establishment of
such methods would permit comparison of various

surgical techniques across institutions. We have
reported on vocal function following laser surgery
for glottic carcinoma;'? which was superior to that
following hemilaryngectomy in the present study.
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Spastic dysphonia is a disorder characterized by strained, constricted phonation with excessively adducted vocal cords. Despite initial
success with recurrent laryngeal nerve section, the search for other treatment continues. Our clinical study involved inserting a needle elec­
trode percutaneously into the region of the recurrent laryngeal nerve in five patients with spastic dysphonia. Electrical stimulation resulted
in dramatic improvement in three patients and minimal improvement in two. Our experimental study was designed to create an animal
model for an implantable nerve stimulator to be used on a long-term basis. A Medtronic spinal cord stimulation system was implanted into

a dog, and a cuff electrode was positioned around the recurrent laryngeal nerve. Vocal cord position could be altered by varying the stimu­
lus frequency. Long-term stimulation of the recurrent laryngeal nerve was relatively safe and effective. Eventually, we plan to implant
nerve stimulators into spastic dysphonia patients who respond well to percutaneous stimulation.

KEY WORDS - recurrent laryngeal nerve, spastic dysphonia.

INTRODUCTION

Spastic (spasmodic) dysphonia is a disorder char­
acterized by a strained, hoarse, jerky, tight, stacca­

to voice. 1 Patients with spastic dysphonia often ex­

hibit facial grimacing and frowning in addition to a

constricted, high-pitched voice. The spasticity of
the voice results from hyperadduction of the true

and false vocal cords with simultaneous elevation of
the larynx. 1 The disorder has a female preponder­
ance and usually manifests itself during the fourth
or fifth decades of life. Very few cases have been re­

ported in patients younger than 16 years of age. An
accurate incidence of the disease is not known, but
it has been reported that as many as 4 % of all pa­
tients with functional voice disorders have spastic
dysphonia." Spastic dysphonia is clearly a rare dis­
ease, but its incidence may be higher than statistics
indicate because many patients are misdiagnosed.

There are discordant views as to the pathophysi­
ology of the disease. Spastic dysphonia first was

thought of as a voice disorder of psychogenic origin
or a form of conversion hysteria." In 1960, Robe et

al ' found abnormal electroencephalographic pat­
terns in 90 % of their patients with spastic dysphonia:
Aronson et all further advocated the neurologic as­

pects of the disease, implicating the extrapyramidal
tracts as the possible site of lesion. Recent reports
have attributed spastic dysphonia to several possible
sources: 1) central nervous system diseases involving
movement disorders that hyperstimulate or dis in­
hibit centers that control laryngeal closure and 2)
acute or chronic emotional stress that can increase

laryngeal musculoskeletal tension or conversion re­

action." Spastic dysphonia is considered idiopathic
if no etiologic factor can be identified. 4

Diagnosing spastic dysphonia is often very diffi­
cult and involves the subjective evaluation of a pa­
tient's speech and phonation with a trained ear."

Laryngoscopy, acoustic analysis, glottography, cine­

fluoroscopy, and electromyography are not diagnos­
tic. Laryngostroboscopy can help to identify vocal
cord shudder or tremor with tight glottic closure,
but requires specialized equipment and is costly.
The symptoms of spastic dysphonia can be quite
variable and can be mistaken for those of benign
essential voice tremor (neurologic cause) or oral
stuttering. Patients with benign essential voice
tremor mayor may not have a component of spastic
dysphonia. Furthermore, patients with spastic dys­
phonia are diagnosed not infrequently as malinger­
ers, voice abusers, or emotionally unstable.

The treatment of spastic dysphonia has included
voice-speech therapy, respiratory therapy, psycho­
therapy, biofeedback, electroshock therapy, hypno­
sis, acupuncture, meditation, muscle relaxants, tran­

quilizers, and vitamins. S The results of these ther­
apies have been poor. Patients often become frus­
trated with their lack of improvement and develop
exacerbation of symptoms. Mysoline has been used
to treat benign essential voice tremor, but has been
shown to be ineffective in the treatment of spastic
dysphonia. 6

In 1976, Dedo" introduced recurrent laryngeal
nerve section, currently thought to be the single
most effective treatment for intractable adductor
spastic dysphonia. After a 3-year follow-up, Dedo
and Izdebski":" reported a 10 % to 15 % recurrence

rate. They found that recurrences were for the most

part less severe than the symptoms prior to nerve

section.
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REPRINTS - Michael Friedman, MD, University of Illinois Eye and Ear Infirmary, Dept of Otolaryngology-Head and Neck Surgery, 1855 W Taylor
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Dedo and Izdebski" and Dedo and Shipp? stated
that the failure is from a reduced glottic space and

suggested postoperative voice therapy to avoid

pushing or tensing the cords to increase volume.

For cases in which recurrent nerve section and
voice therapy fail, Dedo and Izdebski'" suggested
vocal fold thinning under direct laryngoscopy,
preferably with the carbon dioxide laser. This acts
to pull the edge of the vocal fold away from the

midline, thereby decreasing resistance to transglot­
tic airflow. Despite such modifications of recurrent

nerve section, there is a relatively high incidence of
failure.

Aronson and Debanto" reported an initial success

rate of 97 % at 6 months for recurrent nerve section,
but at 3 years their success rate dropped to 36 %; of
the 64 % that failed at 3 years, 48 % were worse

than before the nerve section. Patients that fail
nerve section have a strained, hoarse voice in addi­
tion to the symptoms of iatrogenic vocal cord paral­
ysis. Furthermore, Aronson and De'Santo" noted
that failure is due to gradual overadduction of the
intact vocal fold against the paralyzed vocal fold.

Aronson and Debanto" suggested that the majori­
ty of the patients that they treated with recurrent

nerve section probably had essential voice tremor

(neurologic cause). They interpreted surgical fail­
ures as being due to the natural progression of the

patient's neurologic condition that occurred regard­
less of the treatment. Other patients were believed
to have a psychogenic spastic dysphonia that could
be treated with voice therapy and psychotherapy. 4

Aronson and Desanto" concluded that the effective­
ness of unilateral recurrent laryngeal nerve section
for the treatment of adductor spastic dysphonia de­
creases with time and results in permanent cord pa­
ralysis and treatment failure in a high number of

patients.
In 1979, Biller et al" introduced laryngeal nerve

crush for spastic dysphonia in an attempt to avoid

sectioning the nerve. All of their patients had initial

improvement with the nerve crush, but only 13 %
had continued improvement after 3 years.ll•12

We have attempted to develop a means of recur­

rent laryngeal nerve stimulation that may help pa­
tients with spastic dysphonia without the need for

permanent nerve section. We performed a clinical
and experimental study that involved direct varia­
ble frequency electrical stimulation of the recurrent

laryngeal nerve to produce an alteration in the neu­

rophysiologic state of the ipsilateral vocal cord. In
the clinical study, a fine needle electrode was passed
through the skin into the region of the recurrent

laryngeal nerve. This permitted stimulation of the
nerve without surgical intervention. In the experi­
mental study, a self-contained nerve stimulator was

implanted into a dog, with a cuffed electrode non­

traumatically placed around a recurrent laryngeal
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nerve.

Clinically, we were able to alter the neurophysio­
logic state of the recurrent laryngeal nerve in such a

manner that dramatic improvement in voice quali­
ty occurred in some patients with spastic dysphonia.
In the dog, we were able to position the ipsilateral
vocal cord selectively by varying the frequency of
the nerve stimulus. Our goal in these studies of elec­
trical stimulation of the recurrent laryngeal nerve

was twofold: 1) to demonstrate that direct electrical
stimulation of the recurrent laryngeal nerve effec­
tively can improve the voice of patients with spastic
dysphonia and 2) to produce an animal model for
an implantable nerve stimulator that can be used

relatively safely to stimulate the recurrent laryngeal
nerve for a long time period without permanent
nerve damage.

MATERIALS AND METHODS

CLINICAL STUDY

Five patients with intractable spastic dysphonia
were treated with unilateral percutaneous electrical
stimulation of the recurrent laryngeal nerve. Three
were women and two were men. Their ages ranged
from 44 to 53 years. The response of each patient to
the procedure was evaluated by a minimum of two

speech pathologists experienced in the diagnosis of

spastic dysphonia, two experienced otolaryngolo­
gists, and the patient. A 27-gauge needle (3.8 em

long) was used as the percutaneous electrode. A
multifunction, solid-state, square wave stimulator
(Grass Instrument Co, Quincy, Mass) was used.
The percutaneous needle insertion was made at the
inferolateral aspect of the cricoid cartilage in the
region adjacent to the right tracheoesophageal
groove. The skin was prepared with an antiseptic
solution and then anesthetized with 1 % lidocaine
with 1: 100,000 epinephrine injected superficially.
Recurrent laryngeal nerve function was confirmed
to rule out inadvertent infiltration. When the
needle was inserted, the inferolateral aspect of the
cricoid cartilage could be palpated with the needle
point. The depth of needle insertion was varied de­
pending on the thickness of the patient's neck.

With the needle in position, the square wave

stimulator was set at a frequency of 300 pulses/s
(range, 30 to 300 pulses/s) and a voltage of 5 to 15.
These variables were manipulated to obtain maxi­
mal improvement in voice character. The patient
was not informed of the initiation or discontinua­
tion of the stimulation, to prevent a false response.
The vocal cords were visualized with a flexible fi­

beroptic laryngoscope before, during, and after the
stimulation trial. Voice recordings were made be­
fore, during, and after each stimulation trial. A car­

diac monitor also was used.

Nerve stimulation was continued long enough for
the patient to read the first 98 words of the Rain­
bow Passage.!" After the trial was completed, the
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electrode was removed and light pressure applied
over the insertion site for 5 minutes.

The response to the percutaneous nerve stimula­
tion was evaluated by two otolaryngologists, two

speech pathologists, and the patient. The criteria
for improvement were 1) reduced strained hoarse­
ness, 2) fewer episodes of phonatory struggle or ef­
fort, 3) smooth voice flow, 4) less breathiness, 5) re­

laxed facial expression, and 6) increased volume.
Each of these criteria were evaluated to compile a

final rating of 1) worse, 2) no change, 3) improve­
ment, or 4) marked improvement. Each patient's
scores were averaged.
EXPERIMENTAL STUDY

A single mongrel dog underwent implantation of a

subcutaneous, variable frequency, Medtronic nerve

stimulator (model 3422, Minneapolis) for recurrent

laryngeal nerve stimulation.

Anesthesia was induced using sodium pentobar­
bital (30 mg/kg) intravenously, and the dog was

Fig 1. Medtronic nerve stimulator transmitter
with antenna and implantable receiver with cuff
electrode.

placed in the supine position with the neck shaved
from mandible to xiphoid process. A straight blade
laryngoscope was used to visualize the larynx and
stabilize the epiglottis. Initially, transcutaneous'
stimulation of the left recurrent laryngeal nerve was

performed by the technique of Sanders et al.:" To
demonstrate good vocal cord mobility, cord posi­
tion was manipulated by altering the frequency of
the nerve stimulus as described by Sanders et al.14,15

Using sterile technique, a midline incision was

made from the hyoid bone down to the fourth tra­

cheal ring. The strap muscles were divided in the
midline. The left recurrent laryngeal nerve was

identified near the left tracheoesophageal groove. A
cuff of surrounding fascia was left on the nerve. The
Medtronic spinal cord stimulation system was used
(Fig 1). The cuffed electrode was wrapped loosely
around the nerve and stabilized to surrounding tis­
sue using nonabsorbable sutures (Fig 2). Then the
implantable receiver was placed in a subcutaneous
pocket over the left anterior chest wall.

Fig 2. Canine recurrent laryngeal
nerve in tracheoesophageal groove.
A) Cuff electrode is adjacent to tra­

chea. B) Cuff electrode encloses
nerve and is secured to soft tissue.
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Before surgical wound closure, the external trans­

mitter and antenna were activated to test the nerve

for ability to be stimulated. While altering the cur­

rent and frequency, vocal cord mobility was visual­
ized using a straight blade laryngoscope for expo­
sure and a 0° fiberoptic telescope for photographing
cord position. When it was established that the unit
functioned well, the wound was closed in two

layers. Penicillin was administered intramuscularly
for 14 days postoperatively.

The stimulator was left in place for 6 months,
and recurrent laryngeal nerve stimulation was per­
formed every other day for the entire period. The
stimulation settings ranged from 2 to 10 rnA, and
frequencies were varied from 10 to 100 Hz in lO-Hz
increments. The duration of stimulation was 15 to

20 minutes. The stimulus is a balanced square wave

with a pulse duration of 0.75 ms.

On three separate trials, the dog was fully anes­

thetized with sodium pentobarbital so that the posi­
tion of the vocal cords could be photographed and
videotaped under direct visualization. The vocal
cord positions were recorded during respiration and
at stimulation settings of 2. to 10 rnA and at frequen­
cies ranging from 10 to 100 Hz in 10-Hz increments.

During periods of nerve stimulation, constant car­

diac and respiratory monitoring was done.

After 6 months, the animal was killed and the
neck examined. The segment of recurrent laryngeal
nerve that was surrounded by the electrode was

harvested, histologically examined, and compared
with the contralateral nerve.

RESULTS

CLINICAL STUDY

Phonatory Changes. During the period of unilat­
eral percutaneous electrical stimulation of the re­

current laryngeal nerve, all five patients had im­

provement in' their voice characteristics. After the
stimulus was terminated, their voices immediately
returned to the pretreatment status. Three patients
had such dramatic improvement that their voices
were considered by all observers and themselves to

be almost normal. The other two patients had mini­
mal improvement. The major improvement in their

speech. was in the marked decrease in strain and
hoarseness accompanied by a smoother voice flow
and greatly improved volume. One patient had a

dramatic improvement in his pronounced facial

grimacing, but it returned immediately after nerve

stimulation was terminated. No patient's symptoms
were rated as worse. The Table shows the response
of each patient based on our subjective criteria.

Observation of the vocal cords during percutane­
ous stimulation did not reveal any obvious change
in vocal cord position. During vocalization, obser­
vation of the fine movement of the vocal cords was

very difficult. Since no topical laryngeal anesthesia
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RESPONSE OF PATIENTS
TO ELECTRICAL STIMULATION AS SUBJECTIVELY

DETERMINED BY TWO OTOLARYNGOLOGISTS,
TWO SPEECH PATHOLOGISTS, AND PATIENT

Speech
Otolaryngol- Patholo-

Patient ogists'Scores gists' Scores Patient's
No. 1 2 1 2 Response Average

1 4 3 4 3 4 3.6
2 4 4 4 .3 4 3.8
3 3 2 2 3 2 2.4
4 3 3 2 3 2 2.6

5 4 4 4 4 4 4.0

4 - marked improvement, 3 - improvement, 2 - no change,
(1 - worse).

was used to avoid altering the results of electrical
stimulation, the flexible laryngoscope could not be

positioned easily just above the vocal cords. It was

clear, however, that the stimulation did not cause

vocal cord paralysis.

Cardiopulmonary Status. Throughout all five tri­
als of percutaneous recurrent laryngeal nerve stim­

ulation, there were no arrhythmias or significant
changes in heart rate or respiratory pattern. No pa­
tients had chest pain, flushing, or vasovagal re­

sponses. Continuous electrocardiographic record­
ings were unchanged throughout periods of electri­
cal stimulation.

Test Tolerance. The only discomfort experienced
by the patients was slight pain at the ground elec­
trode site on the forearm if the voltage was in­
creased above 15 during trials. There was no neck
discomfort, adjacent muscle twitching, or delayed
sequelae.

Complications. There was no evidence of infec­
tion, hematoma, or soft tissue damage at the percu­
taneous puncture site. After the stimulation trials,
indirect examination of. the larynx did not reveal
any evidence of recurrent laryngeal nerve paresis or

paralysis.
EXPERIMENTAL STUDY

Vocal Cord Position. During observation of the
dog's larynx, recurrent laryngeal nerve stimulation
revealed initial abduction followed by adduction of
the ipsilateral vocal cord as the frequency was in­
creased from 10 to 100 Hz. The current was held at 5
or 6 rnA. At the low frequencies (10 to 20 Hz), nerve

stimulation resulted in oscillation of the vocal cord
from the resting position to the partially abducted
position. As the frequency was increased, the cord
movement became finer and oscillation became less
noticeable, with movement toward maximal ab­
duction at 40 Hz. At frequencies greater than 50
Hz, the vocal cord was noted to adduct, with near­

complete adduction at 70 Hz. With the cords in the
adducted position, further increases in frequency
resulted in further closure of the glottis and even­

tual onset. of stridor. Optimal cord motion was

noted at 5 to 6 rnA. Current greater than 7 rnA re­

sulted in adjacent muscle stimulation and discom-
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removed without difficulty. The segments of recur­

rent laryngeal nerve that were surrounded by the
electrode were excised, as well as the corresponding
contralateral segment of recurrent laryngeal nerve.

The recurrent laryngeal nerve itself was intact, but
there was a cuff of scar tissue surrounding the nerve

at the site of the electrode (Fig 3). The nerve sheath
was intact, with no evidence of damage to the nerve

despite its being enclosed by an electrode cuff with
persistent, long-term nerve stimulation. There was

no granulation tissue, inflammation, or other sur­

rounding tissue damage.
Histologic comparison between the ipsilateral

and contralateral recurrent laryngeal nerves re­

vealed primarily perineural and epineural fibrosis
with slight endoneural fibrosis of the stimulated
nerve (Fig 4).
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Fig 3. Harvested canine recurrent laryngeal nerve after 6
months of electrical stimulation showing cuff of scar tissue.

fort to the animal.

Cardiorespiratory Status. The dog was connected
to a cardiac and respiratory monitor throughout the
entire period of nerve stimulation. There were no

episodes of arrhythmia or marked changes in heart
or respiratory rates. There was a slight increase in
heart and respiratory rates when the current was

greater than 8 mA or when the frequency was

greater than 80 Hz (glottic closure with stridor).
Recurrent Laryngeal Nerve Function. Prior to

killing of the animal, the larynx was visualized
while the animal was breathing spontaneously.
Both vocal cords moved well without evidence of

paresis, paralysis, or any asymmetry.

Histopathology oj Recurrent Laryngeal Nerve.

Upon opening the neck, scar tissue was noted around
the electrode site. The electrode and receiver were

DISCUSSION

In our preliminary studies, unilateral percutane­
ous electrical stimulation of the recurrent laryngeal
nerve dramatically improved the voice quality of pa­
tients with spastic dysphonia. The improved voice

quality lasts only as long as the needle electrode is

transmitting current to the nerve. The exact mecha­
nism by which this electrical stimulation helps these
patients is unknown. The magnitude of current is

relatively low, and there is no observable change in
cord position. Perhaps we are altering the neuro­

physiologic state of the recurrent laryngeal nerve in
a way that hinders or masks abnormal impulses
from a central source. Many of these patients actu­

ally may have essential voice tremor for which the
current alters the hypertonic signals from the brain
stem or extrapyramidal tracts. The mechanism may
be similar to that theorized of electrotherapy for se­

vere tinnitus and hemifacial spasm.
16.17 The stimu­

lation may inhibit the excessive impulses causing
hyperadduction of the vocal cords and, at the same

time, rectify the irregularity of the transmission of
impulses by a regular interval of stimulation. 16.17

Fig 4.'Histologic sections of canine recurrent laryngeal nerve using trichrome stain. A) Dense perineural fibrous tissue surrounds in­
tact nerve trunk with negligible endoneural fibrosis. Arrows point to fibrotic scar tissue. B) Contralateral normal recurrent

laryngeal nerve.
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Percutaneous stimulation of the recurrent laryn­
geal nerve is not a precise method of nerve stimula­
tion, because the insertion of the needle electrode
only approximates the position of the recurrent la­
ryngeal nerve. Exact placement of an implanted
electrode permitting direct stimulation undoubted­
ly will yield superior, reproducible results.

There were no cardiovascular or respiratory al­
terations noted with percutaneous electrical stimu­
lation of the recurrent laryngeal nerve. The current

and voltage were small and did not result in any
discomfort or adjacent muscle stimulation. Such in­
formation is important because of the proximity of
the stimulus to the vagus nerve, superior laryngeal
nerve, nerve branches to the carotid sinus, and pos­
sible aortic baroreceptor pathways in the recurrent

laryngeal nerve itself. IS

The success of percutaneous electrical stimulation
of the recurrent laryngeal nerve in the treatment of

spastic dysphonia may enable us to treat the disease
without permanent nerve paralysis. If percutaneous
nerve stimulation is effective in a patient, the next

step is to implant a self-contained unit that could
stimulate the recurrent laryngeal nerve for as long
as needed. The patient could initiate the stimula­
tion whenever he or she begins to speak. The elec­
trodewould be positioned around the nerve and the
receiver implanted into a subcutaneous pocket over

the chest wall. The transmitter and antenna could
be worn on the belt or kept in a pocket.

We intend to implant the nerve stimulator in pa­
tients with spastic dysphonia to stimulate the recur­

rent laryngeal nerve directly. The criteria for im­

plantation will include improvement of symptoms
of spastic dysphonia during unilateral percutaneous
electrical stimulation. In our experimental study,
the recurrent laryngeal nerve remained undamaged
after 6 months of direct electrical stimulation. If the
nerve stimulation is not helpful or fails with time,
the unit can be removed and the nerve should be
left intact.

Our experimental study demonstrated that a self­
contained, subcutaneous nerve stimulator could be
used relatively safely without damaging the recur-

rent laryngeal nerve. An electrode cuff encircled
the nerve and permitted direct stimulation from a

receiver unit placed in a subcutaneous pocket. A
similar silicone rubber electrode cuff is employed
with a phrenic nerve stimulator for diaphragmatic
pacing to treat respiratory insufficiency. lit Histo­

pathologic studies of human phrenic nerves that
were stimulated with the electrode cuff for up to 4

years occasionally revealed focal areas of demye­
lination with some axonal loss. 19 The nerves of some

patients stimulated for approximately 2 years showed
no changes." This suggests that injury was not caused
by the electrical stimulation, but by the technique
and improper nerve fixation. 19 Animal studies with
vagus" or splanchnic nerves" showed no micro­

scopic abnormalities after long-term electrical stim­
ulation. After 6 months of direct stimulation, there
was no evidence of damage to the recurrent laryn­
geal nerve. The study demonstrated the effective­
ness and safety of the nerve stimulator and that it
could be implanted and removed without any re­

current laryngeal nerve deficit.

We also will perform extensive laryngeal studies
including laryngostroboscopy in an effort to identi­
fy how we are altering recurrent laryngeal nerve

function to produce improvement in spastic dys­
phonia. Further studies of this type may reveal the
true pathophysiology causing spastic dysphonia.

CONCLUSION

We have introduced a technique of unilateral
percutaneous electrical stimulation of the recurrent

laryngeal nerve that improves the voice of patients
with spastic dysphonia. An experimental study dem­
onstrated the ease, relative safety, and effectiveness
of an implantable electrode and receiver for direct
electrical stimulation of the recurrent laryngeal
nerve. Implantation of nerve stimulators in patients
with spastic dysphonia may improve voice quality
without need for permanent recurrent laryngeal
nerve section. Although this procedure does not

represent a cure for spastic dysphonia, it seems to
offer effective, reversible treatment until a cure is
found.
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VOCAL LIGAMETRY

UPDATE

FRANCIS E. LEJEUNE, JR, MD

NEW ORLEANS, LOUISIANA

In 1983, a report was made concerning experience with a technique of vocal ligament tightening in certain cases of dysphonia due to

the ligament's stretching or lengthening. Since that time, efforts to measure the relative slackness or loss of tension of the vocal ligament
have been partially successful. This report addresses the topics of consent forms; review of the local board of human procedures; and
technical problems of instrument design, fabrication, and calibration. A large data base will be needed before true usefulness can be de­
rived from these efforts. The author hopes to stimulate other workers in the field of phonosurgery to parallel these efforts and explore a field
that is still relatively uncharted.

KEY WORDS - vocal ligament tightening, vocalligametry.

INTRODUCTION

In 1983, we reported our experience with five
cases of severe hoarseness that were improved by
means of tightening the vocal ligament. 1 The surgical
correction was accomplished by advancing the anteri­
or commissure of the thyroid cartilage several milli­
meters, estimating the distance necessary to tighten
the vocal ligament effectively. Tucker" and Kouf­
man" subsequently reported favorable experiences
with the procedure, each introducing modifications.

Before the technique could gain wide use, how­
ever, we felt that a more reliable means of patient
selection and of objective assessment of the correc­

tive effort was needed. This involved measurement
of the vocal (thyroarytenoid) ligament by direct
contact with a calibrated device. This, of course,
required elimination of the cough reflex and also of
any muscle tightness due to breathing, breath hold­
ing, or phonation.

METHODS

General anesthesia is administered via a small en­

dotracheal tube, combined with topical anesthesia
and a curare-like medication to eliminate muscle
spasm. The glottis is exposed with a fairly large la­
ryngoscope, and then it is suspended. A caliper is in­
troduced through the laryngoscope to embrace the
vocal cord with three stainless steel pins (Fig 1A).
The two fixed pins are placed on the superior sur­

face of the vocal cord; the single pin is extended be­
neath the cord by squeezing the trigger and then is
allowed to travel upward by the pull of a light
spring (Fig lB). The single pin pulls up a loop of
vocal cord into the 3-mm gate between the two fixed
pins (Fig 1 C). The amount of travel the single pin
makes is related directly to the relative length of the
vocal ligament. Thus, a normal vocal ligament will

allow a limited amount of pin travel. A stretched or

long vocal ligament will allow a greater amount of
pin travel. An overly taut or short vocal ligament
will allow much less pin travel. The technical steps
in measuring the ligament are as follows:

1. Administering general and topical anesthesia,
using the smallest endotracheal tube considered
safe for the patient (6 mm or less inside diameter,
8 mm outside diameter)

2. Performing suspension laryngoscopy using a la­
ryngoscope large enough to admit the 5 x 5-mm
tip of the caliper

3. Drying the vocal cord epithelium to lessen the

slippery quality of the surface (cotton applica­
tors may be used)

4. Placing the pins to embrace the true vocal cords
- two pins above, one below; proximal magni­
fication (3x) is required (Wolf G4205.20)

5. Maintaining the proper amount of lateral pres­
sure with the tip of the caliper for the 10 seconds
or more that is required for the pin to stabilize

6. Recognizing the end point - that point at which
the indicator needle almost stops moving

7. Reading the dial indicator (Starrett 25-881J),
which is actually a fine measure of distance, in
millimeters and 0.01 mm (must be done by an

assistant on the command, "Start," and 10 sec­

onds later, "Stop")
8. Calibrating the light spring (every 6 months)

A potential problem in measuring the ligament is
laceration of a vocal cord. This could occur if the
center pin were extracted forcibly in the lateral
position while the patient was in laryngospasm.
Should laryngospasm occur, the operator should

squeeze the trigger immediately, extending the

single pin; the instrument then is rotated toward the
midline and extracted from the glottis.
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RESULTS

Three readings are taken and averaged. The
mathematic equation of the measurement of the vo­

cal ligament is as follows.

ligament stretch index (LSI) =

(.J(pin traveF + 2.25) x 2) - 3
ideal vocal cord length

(Ideal vocal cord length is obtained by x-ray study
or direct measurement: the distance from the thy­
roid notch to the inferior border of the thyroid car­

tilage, midline, is approximately the same as the
length of the vocal cord.)

Our current estimates are as follows: normal vo­

cal ligament, LSI = 2 % to 5 % ; clinically stretched
vocal ligament, LSI = 5 % to 10 % ; clinically over­

taut, high pitched ligament, LSI = 0 % to 2 % .

Our efforts so far must be considered to be only a

pilot study, as these estimates are based on experience
with only 22 patients, some of whose measurements
were considered valid, others invalid because of dif­
ficulty in recognizing the end point. More data will
be needed before these estimates can be confirmed.

In addition, some nontechnical problems of this
study may be even more difficult to resolve. A full
study and review by the Clinical Investigations
Committee of my medical institution was required .

of me before a relevant operative permit form could
be approved.

The opinion of our legal counsel is that at this time
it would be very hazardous for me to give, loan, or

otherwise dispense or distribute any of the vocallig­
ament caliper units to fellow clinicians who are in­
terested in vocalligametry. Presumably, these might

Fig 1. Vocal ligament caliper. A) Three-pin design has two sta­

tionary pins 3 mm apart, with moving central pin. Tip will fit
through most adult laryngoscopes. B) Caliper measures relative
slack in resting paralyzed vocal cords after positioning through
lumen of laryngoscope. Calibrated spring pulls center pin up
from subglottic region to its maximal travel distance. This dis­
tance, compared by formula to true cord length, yields percen­
tage defined as normal (2 % to 5 % ), too slack (> 5 % ), or too tense

( < 2 % ). C) Two stationary pins are placed on superior surface of
vocal cord with center pin in subglottic region. Center pin is al­
lowed to travel upward by pull of spring for 10 seconds. Pull dis­
tance is recorded as Lt s-- L2.

be used on humans in a manner that might damage
a vocal cord and therefore provide a claim against
the institution or against me for failing to foresee
such a problem. An indemnity agreement from such

physicians indemnifying my institution and myself
against any suits or losses for using the device,
whether on humans or animals, would be needed.
Also, we would need an agreement stating that the
device would not be used on humans. Should the
device gain approval by the Food and Drug Admin­
istration under the Devices Act, then such agree­
ments might not be needed.

DISCUSSION

The mechanism of the tightening of the vocal
bands has been of long and enduring interest to the
American Laryngological Association (ALA). At the
fifth annual meeting of the ALA in 1883 held in
New York, Dr F. H. Hooper" of Boston described
his experimental research on the tension of the vocal
bands. His studies of canine and human cadaver la­
rynges demonstrated that the cricothyroid muscle
and the inflation factor of increased subglottic pres­
sure both serve to increase the tension of the vocal
bands.

Isshiki's" studies on the regulatory mechanism of
the pitch and volume of the voice in 1959 and his
many studies since have added to our knowledge of

laryngeal dynamics. Tanaka and Could" and, more

recently, Tanaka and Tanabe" have helped to refine
our knowledge of the mechanism for adjustment of
the glottis to regulate vocal intensity. Their conclu­
sion was that cordal adduction, as a function of the
lateral cricoarytenoid muscle and other muscles,
and changes in cordal shape and stiffness as a Func-
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Fig 2. Thyroplasty type 2. Advancement of anterior com­

missure to increase tension of vocal ligaments currently is

performed by completely mobilizing midline segment of
cartilage and inserting metal strip both above and below

point of ligament insertion. Distance B (as defined by
Gould et a19) is used as estimate of vocal cord length and
can be measured directly or by x-ray study.

tion of the thyroarytenoid muscle were responsible
for the minute changes in vocal intensity. In 1883,
Hooper" said that a singer with a three-octave range
had as many as 2,100 changes in pitch, each repre­
senting successive changes in the length of the vi­

brating edges of the vocal bands in successive pro­
portions of one seventeen-thousandth of an inch
(0.00149 mm).

In 1974, Isshiki et al" described thyroplasty as a

new phonosurgical technique and made reference
to altering the tension of the vocal ligament by al­
tering the anterior commissure. Gould et al" have
described techniques for increasing the tension of
one vocal ligament by dividing one thyroid ala ver-

tically and inserting a plug to distract the edges.
Since our report on early experience with vocalliga­
ment tightening' by advancing the anterior com­

missure, which contains the insertion of the vocal
ligaments, Tucker? and Koufmarr' have reported
successful use and modification of the anterior ad­
vancement technique. Our current technique of an­

terior commissure advancement (Fig 2) uses a metal
strip above and below the ligament insertion.

In Japan, Isshiki's" success with local anesthesia
of several hours' duration for the adjustment of
vocal ligament position and tension is undeniable. I
believe, however, that greater acceptance in this
country would be achieved if the procedure could
be performed under general anesthesia.

For this reason, we have tried to develop an ob­
jective method of evaluation and selection of pa­
tients who might be in need of adjustment of vocal
ligament tension. This would be a measurement of
the ligament performed while the patient was anes­

thetized for suspension laryngoscopy. The adjust­
ment of the ligament tension could be done at that
time or at a later time.

Direct measurements of the vocal ligament made
under general anesthesia must be made with the
realization that the ligament is totally relaxed and
that the arytenoids are in the abducted position,
held there by the presence of the endotracheal tube.
The amount of slack or gatherable ligament is mea­

sured (Fig 1 C). A similarity exists to an auto me­

chanic's palpating the alternator belt while the
engine is at rest to judge the adequacy of its tension.

The three-pin design (Fig 3A) was considered to
be the simplest mechanical tool for assessing the
amount of linear slack in the resting ligament. A hy-

Fig 3. Vocalligameter. A) Detail of tip shows 3-mm gate through
which l-rnrn center pin seeks to pull slackened vocal ligament.
Extremely lax ligament would allow this degree of center pin
travel. B) Ligameter is 43 ern long overall, with 28-cm shaft.
Trigger extends center pin below cord level, and light spring pulls
it upward. Proximal magnifier (3x) aids placement of tip on vocal
cord. C) Large needle on dial indicator measures 0.01 mm;
smaller needles indicate centimeters and millimeters of pin travel.
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draulic inflatable cuff and a miniature torsion bar
were rejected as being too difficult to read. Since
ligaments distort or stretch gradually under a con­

stant force, there is a gradual elongation as the pin
presses against the undersurface of the vocal liga­
ment. If the pin were left in position too long, the
cord and ligament would travel laterally and slide
off its tip. Therefore, a time limit of 10 seconds is

placed on this phase of the measurement. An assis­
tant is instructed to read the dial indicator (Fig
3B,C) on the command "Start," and again 10 sec­

onds later at the command "Stop."
The laryngoscope used for exposure of the liga-

ment must be wide enough to allow ready passage
of the 5 x 5-mm tip of the vocalligameter. The en­

dotracheal tube chosen must be small enough so

that it allows easy access to the membranous por­
tion of the vocal cord. We are unable to measure a

very small larynx with the current caliper. Further­
more, a large data base will be needed before a range
for normal, overslack, and overtaut values can be
determined.

In summary, objective vocal ligametry is a step
closer than it was 4 years ago, but real success is at
least several years away.
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Twenty-six patients with recurrent respiratory papillomatosis have received interferon administered according to one or more of five

experimental protocols currently ongoing or completed at the University of Iowa. Short-term side effects following interferon administra­
tion were common and included fever, headache, chills, fatigue, myalgias, and nausea. Two patients experienced neurotoxicity manifested
as somnolence, confusion, or petit mal type or grand mal type seizures. Preliminary data show evidence for some growth retardation in pa­
tients receiving long-term interferon therapy. Laboratory evidence of toxicity in the form of decreased WBC, RBC, and platelet counts oc­

curred in five patients, and increased liver enzymes occurred in 16 patients. Neither cardiovascular nor renal toxicity was noted.

KEY WORDS - interferon side effects, interferon toxicity, recurrent respiratory papillomatosis.

INTRODUCTION

The term interferon was introduced approxi­
mately 30 years ago to describe an antigenic induci­
ble cellular factor that by some mechanism pro­
tected eukaryotic cells from infection by influenza
virus.' During the past decade, investigators have
directed much effort toward a better understanding
of the structure and complex functions of the inter­
ferons so that the most effective therapeutic appli­
cations of these agents may be realized. Interferons
are natural proteins manufactured by eukaryotic
cells in response to viral and nonviral stimuli (eg,
mitogens, allogeneic cells, bacterial and viral an­

tigens, or other polynucleotide antigens). Three
major antigenic classes of interferon have been de­
lineated based on their cells of origin: 1) alpha in­
terferon (a-IFN), derived from cultures of normal
leukocytes or transformed lymphoblastoid cells
stimulated by viruses; 2) beta interferon (t3-IFN),
produced by virus-infected skin fibroblasts; and 3)
gamma interferon ('y-IFN), secreted by T-Iympho­
cytes stimulated by certain specific mitogens,
bacterial or viral antigens, or allogeneic cells." All
of the three major types of interferon are heteroge­
nous, being composed of subtypes. While a-IFN
and t3-IFN are distinct, they have segments of am­

ino acid sequences that are approximately 40 %

homologous. The amino acid sequence of ')'-IFN has
.approximately 12 % homology with those of a-IFN
and t3-IFN.

Alpha interferon has been the most extensively
studied, and at least 14 distinct member proteins
(subtypes) have been identified. These subtypes
have been designated alpha-L, alpha-2, etc and are

composed of approximately 166 amino acids each
and share at least 75 % amino acid homology. The
a-IFNs have been classified further according to

World Health Organization nomenclature depend­
ing on the method of production and, in the case of
recombinant DNA a-IFN, on the amino acid se­

quence in the interferon molecule (eg, alfa-2a, alfa-
2b, alfa-2c, alfa-NI). 3 The designation alfa is used
rather than alpha to denote the international spell­
ing. Most major pharmaceutical companies in the
United States have used one of two methods to pro­
duce a-IFN: 1) isolation from supernatants of
cultures of human lymphoblastoid cells subjected to

viral stimulation (eg, IFN alfa-NI, Wellferon, Bur­

roughs Wellcome Co, Research Triangle Park, NC);
or 2) expression of certain gene loci in bacteria using
recombinant DNA techniques (eg, IFN alfa-2b, In­
tron A, Schering Corp, Kenilworth, NJ). 4 Use of
recombinant DNA technology has allowedproduc­
tion of highly purified interferon proteins.

The mechanisms of action of the interferons in­
volve antiviral, antineoplastic, and immunomodu­
latory effects." The antiviral properties of the inter­
ferons involve induction of enzymes within eukary­
otic cells that block viral replication of RNA and
DNA and alteration of eukaryotic cell membranes
to make them less susceptible to viral penetration.

, Interferon selectively inhibits growth and prolifera­
tion of neoplastic cells by unknown mechanisms.
Immunoregulatory effects involving mediation of
both the humoral and cellular pathways of the im­
mune system are understood poorly.

A number of investigators have shown that inter­
feron retards the growth of respiratory papilloma-
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TYPE OF INTERFERON, DURATION OF THERAPY,
DOSAGE, AND CURRENT STATUS

Duration of Dosage Current
Interferon Therapy (megaunits/ Status re:

Patient Type (wk) m2) Interferon
1 BW 19; 31 5; 1-1.5 OnBW

2 NYBC 151 1-3 Off
3 BW 35 5 Off
4 NYBC 227 3-4 On S

S 27 3

5 NYBC 261 3-5 On NYBC

6 NYBC 52 1-3 Off
7 NYBC 192 3-7 OnS

S 36 3-4
8 BW 224 3-5 OnBW
9 BW 54 2 Off

10 NYBC 34 1-2 On S
S 3; 168 3; 3

11 BW 153 4 Off
12 NYBC 194 3-5 On S

S 26 3
13 NYBC 53 3 Off
14 NYBC 62 2 Off
15 BW 49; 27 4;4 OnBW

I, 16 NYBC 52 7 On S
S 34 3

17 NYBC 36 3-7 Off
18 BW 65 5 Deceased
19 NYBC 119 3 On S

S 64 5

20 S 32 3 On S
21 NYBC 52 3-5 Off
22 NYBC 263 2-3 On NYBC
23 NYBC 56 3 Off
24 NYBC 84 3 Off
25 NYBC 45 3-5 Off
26 NYBC 26 3 Off

NYBC - New York Blood Center interferon, BW - Burroughs
Wellcome Co interferon, S - Schering Corp interferon.

tosis and thereby reduces the frequency of surgical
procedures. 6-9 A more recent investigation has
shown only transient retardation of papilloma
growth and is not as encouraging as earlier reports
(G. B. Healy; personal communication). Interferon
is not a benign agent, and the potential benefits of
administration of the drug to each patient must be
weighed against the potential side effects and toxici­
ty. Many reports in the internal medicine literature
have discussed the signs and symptoms of side ef­
fects and general toxicity of interferon in the treat­

ment of var-ious malignant neoplasms. Previous re­

ports from our institution reporting the efficacy of
interferon in the treatment of recurrent respiratory
papillomatosis have briefly outlined the side effects
that occurred secondary to the drug.":" Since that
time, additional toxic effects and side effects have
been observed and studied. An updated retrospec­
tive analysis of side effects and toxicity secondary to
interferon in the treatment of recurrent respiratory
papillomatosis forms the basis for this report. The
report updates the practicing otolaryngologist on

the possible side effects and toxicity of interferon, as

release of interferon from its investigational status

by the Food and Drug Administration is expected in
the near future.

MATERIALS AND METHODS

Twenty-six patients were included in the study
group. The type of interferon each patient received,
the total duration of therapy, the approximate dos­

age, and current status regarding interferon admin­
istration are shown in the Table. Fifteen patients
had brief interruptions of interferon therapy (less
than 8 weeks at a time) for reasons that will be de­
scribed in the Results section. Three patients (Nos.
1, 10, and 15) had prolonged interruption of inter­
feron therapy (more than 8 weeks), indicated in the
Table by the two numbers in the column showing
duration of therapy. The patient group consisted of
25 children, with a present mean age of 7.5 years,
and one 47-year-old man (No. 16).

The 26 patients received interferon from three
sources. Early in our experience, all patients re­

ceived a partially purified polyclonal mixture of
a-IFN produced from cultures of human leukocytes
by the New York Blood Center, Inc (NYBC). Re­

cently, new patients and some previous patients re­

ceiving NYBC interferon have received either 1) in­
terferon alfa-Nl (Wellferon), which is purified
from supernatants of cultures of human lympho­
blastoid cells stimulated by Sendai virus; or 2) inter­
feron alfa-2b (Intron A), which is produced by
Escherichia coli in recombinant DNA technology.
Interferon alfa-2b is the product of a single gene
and is purified to homogeneity, unlike the other two

interferons.

The interferon preparations were injected either
subcutaneously (Intron A, Wellferon) or intramus­

cularly (NYBC interferon) according to dosage
schedules set up by the various study protocols (the
Table lists dosages). Depending on the particular
protocol for the individual patient, interferon was

administered either three times per week or every
other day. Beginning dosages were calculated based
on the patient's body surface area in square meters

(rn"). The biologic activity of the a-IFNs is ex­

pressed in international units of antiviral activity
per milligram of protein or in megaunits." One

megaunit is equal to 106 IV. Biologic activity of
a-IFN is based on the minimum dilution of interfer­
on required to protect 50 % of eukaryotic cells ex­

posed to a particular viral strain.

Our experience with the efficacy of NYBC inter­
feron in retarding the growth of respiratory papil­
lomatosis has been reported in detail previously. 8.9

A pilot study involving Intron A is currently ongo­
ing at our center and will be reported in the future.
Wellferon is being administered at our center as

part of a multi-institutional study, with The Johns
Hopkins Medical Institutions serving as the study
center.

RESULTS

ACUTE TOXICITY

An acute febrile reaction following the initial in-
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Fig 1. Elevation of SCOT (open circles) and SCPT (closed
circles) in response to administration of interferon.

jection of interferon was common, occurring in 24

patients (92 % ). The febrile reaction occurred for all
three types of interferon, typically occurring within
4 to 6 hours of administration, reaching 38°C to

40°C, and lasting 8 to 12 hours if untreated. Ele­
vated temperatures resolved in those patients given
acetaminophen. In all cases, the febrile reaction
was accompanied by symptoms consistent with a

generalized influenza-like syndrome: chills, head­
ache, fatigue, myalgias, and mild nausea. Signifi­
cant elevation or depression of systolic and diastolic
blood pressures was not observed in any of our pa­
tients following the initial interferon injections.
One patient experienced a severe temperature spike
to 41 ° C, extreme myalgias and lower extremity ar­

thralgias, rigors, and severe nausea and vomiting
following the initial interferon injection. The severe

reaction persisted following subsequent injections
and resolved when the dosage was decreased.

In general, the acute febrile and toxic response to

interferon administration persisted with subsequent
drug injections, but became less severe and resolved
completely in all patients after 10 to 15 weeks. Sev­
eral patients experienced sporadic febrile responses
following interferon injection many months after
initiation of therapy. All the patients suffered some

degree of fatigue that was highly variable. As the

majority of our patients were children, fatigue was

manifested as daytime somnolence and various de­

grees of withdrawal from social interaction with

playmates and classmates. Many parents and teach­
ers noted decreased academic performance, al­

though this was not measured objectively.

CHRONIC TOXICITY AND SIDE EFFECTS

Exteme chronic impairment of physical activities
and school performance did not occur, and the
symptoms of fatigue tended to lessen with time.
After several months, the children acquired a toler­
ance to interferon and returned to normal play and
school activity. Parents correlated the difficulty in\physical activity and school performance with the
frequency of laser microlaryngoscopy procedures
rather than the interferon therapy itself.

S Start/re"start interferon
T Stop interferon

+ Interferon dose increased

+ Interferon dose decreased

10 20 30 40 50 60 70 80 90 100

Time (weeks)
Interferon S TS

Status

Fig 2. Rapid elevation of SCOT/SCPT in response to inter­
feron administration.

Three of the authors (RP.L., B.F.M., J.H.M.;
unpublished observations) have evaluated growth
rates of ten patients receiving interferon in terms of
linear height gain compared to published longitudi­
nal standards'? for height and weight velocity for
North American children. For nine patients, the
rate of growth in terms of height velocity during the
treatment interval with interferon was significantly
less than that predicted from standard growth
charts. Following cessation of interferon therapy,
the patients' growth in terms of height velocity
tended to increase, approaching normal.

ORCAN SYSTEM TOXICITY AND SIDE EFFECTS

Nervous System. Symptomatology consistent
with neurotoxicity occurred in two patients. The
first patient experienced several episodes of gen­
eralized convulsions (grand mal type) within 12
hours of administration of an interferon dose. He
had a mild increased temperature (37.5°C) at the
time and had been on interferon for the previous 9
months without prior episodes. Twenty-four hours
later, he was noted to have an episode of loss of con­

sciousness lasting a few seconds and clonic contrac­
tions of the extremities. This was felt to be consis­
tent with a petit mal type seizure. The interferon
was stopped and restarted 1 week later. He again
experienced several grand mal type seizures 1 week
following reinitiation of therapy. This time there
was a concomitant fever spike, and the interferon
was discontinued again. The patient continued to

have severe laryngeal and tracheal disease requiring
rescue laryngoscopies on a weekly basis. Carbamaz­
epine in a maintenance dose was administered, and
interferon therapy was resumed shortly thereafter.
He has continued receiving interferon without fur­
ther seizure episodes during the past 18 months.
The second patient experienced a single brief
episode of marked confusion and a grand mal type
seizure associated with a febrile response (39.5°C)
following interferon administration.

Gastrointestinal-Hepatic System. Mild to moder­
ate nausea was noted in approximately 25 % of the
patients and was associated with the initial influ­
enza-like syndrome. Significant vomiting was un­

common and required antiemetic medication in
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Fig 3. Several rapid leukopenic responses following inter­
feron administration.

only two patients. Five children experienced
anorexia that lasted several months and eventually
resolved.

Hepatotoxicity manifesting as elevation of trans­
aminase levels occurred on one or more occasions in
16 patients. Three had elevation of SCPT and
SCOT in the 150- to 500-IU/L range (Figs 1 and 2).
Three experienced milder elevations in the 100- to

150-IUlL range. The remaining ten patients had
one or two sporadic transaminase elevations in the
50- to 100-IUIL range. In general, increase in trans­
aminase levels usually corresponded to the initia­
tion of therapy or an increase in the dosage of in-

. terferon and was reversed following rest periods off
interferon.

Hematopoietic System. Hematologic effects in­

volving WBCs were noted in five patients. Three

experienced rapid leukopenic responses to admin­
istration of interferon that required discontinuing
therapy for several weeks at a time to allow the
WBC count to return to normal (Fig 3). Two addi­
tional patients exhibited gradual leukopenic re­

sponses over the first 5 to 10 weeks of interferon

therapy that tended to plateau and stabilize at a'

lower total WBC count (Fig 4). A persistent normo­

chromic normocytic anemia was noted in only one

case.

One patient experienced rapid thrombocytopenia
shortly following administration of .interferon re­

quiring three rest periods off therapy to allow the
total platelet count to increase (Fig 5). No bleeding
problems were noted at any time.

Cutaneous System. Partial alopecia has occurred
in two children and has persisted following cornple­
tion of interferon therapy. Four children experi­
enced tenderness, erythema, and induration at in­

jection sites several hours to days following intra­
muscular administration. Two patients experienced
eruption of maculopapular rashes during the febrile
response following initial administration. Persistent

dry skin and generalized pruritis occurred in four
patients intermittently during their courses of treat­
ment.

WBe
x 103/mm3
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Fig 4. Gradual leukopenic response following interferon
administration.

DISCUSSION

In general, observed side effects and toxicities
were distributed equally among the three different

types of interferon used in this study. A special note

should be made that it is not the purpose of this

paper to make comparisons or draw conclusions
concerning drug superiority with respect to toxicity.
ACUTE TOXICITY

The acute febrile response and influenza-like syn­
drome associated with the initial injections of in­
terferon have been well described in adults with
cancer receiving interferon;" In the case of adult
patients, the febrile response and accompanying
symptoms usually disappear within 1 to 2 weeks.
This contrasts with our experience with children
with recurrent respiratory papillomatosis, whose
febrile response tended to persist for 10 to 15 weeks
during the initial interferon - injections. The one

adult patient (No. 16) receiving interferon ex­

perienced disappearance of fever at 2 weeks into

therapy.
Our experience is in accord with the observations

of others'v '" that all types of interferon induce
fever, including highly purified recombinant a­

IFN. This suggests that the interferon molecule it­
self is responsible for the febrile response and associ­
ated influenza-like symptoms. The exact mecha­
nism by which interferon produces fever is not well
understood. Fever production does not appear to be

250 S :::; Start/restart interferon
T = Stop interferon

+ = Interferon dose increased

+ = Interferon dose decreased200

150
Platelets
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100

50
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Interferon S T
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Fig 5. Thrombocytopenia occurring with interferon ad­
ministration.
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secondary to production of leukocytic pyrogen nor

the presence of contaminating E coli endotoxin in
the case of recombinant DNA a_IFN.12.13 One study
has shown evidence for recombinant DNA interfer­
on-induced prostaglandin (PGE2) production in the
hypothalamus resulting in a pyrogenic response.

13

CHRONIC TOXICITY AND SIDE EFFECTS

Fatigue associated with the acute febrile response
that persists with continued therapy has been noted
to be one of the most important therapy- and dos­

age-limiting toxic effects of the interferons in large
groups of adult patients with cancer. 14.15 Fatigue
appears to be dosage-related, and decreased dosages
are often necessary to continue therapy. While all
of our patients experienced significant fatigue dur­
ing the initial weeks of interferon therapy, the ma­

jority of our children adjusted with time and
returned to normal activities for age. This may be
due to the relatively smaller interferon dosages ad­
ministered as set up by the individual protocols,
unlike the high dosages (greater than 20 megaunits)
often required for adult cancer patients. Recently,
we have instructed parents to administer interferon
at bedtime or during the evening hours so that the
child may sleep through the febrile response. It may
be helpful for teachers, counselors, and other pro­
fessionals who are in contact with children on in­
terferon therapy to be educated about the possible
toxic effects of the drug during the first few weeks of

therapy.
Short-term weight loss in adult cancer patients

receiving interferon has been well documented and
is probably secondary to anorexia and other gas­
trointestinal side effects such as nausea, vomiting,
and diarrhea;" There is little data available on the
effect of interferon on growth in children and ado­
lescents. One study has shown decreased average
daily rate of weight gain during the treatment

period in four of five infants receiving interferon to

treat cytomegalovirus infections;" The study of

growth in terms of linear height gain in ten children
receiving interferon from our institution is retro­

spective and small with regard to sample size, but
does indicate that interferon may have an effect on

growth. The apparent growth suppression occur­

ring during the interferon' treatment period is an

important factor that needs consideration when
treating children. Future studies involving interfer­
on should include evaluation of growth in terms of
linear height gain in a randomized and prospective
manner.

ORGAN SYSTEM TOXICITY AND SIDE EFFECTS

Nervous System. Both specific and nonspecific
CNS effects have been noted in adult cancer pa­
tients receiving interferon, and a complex neurotox­
ic syndrome secondary to interferon has been de­
scribed." The fatigue experienced by patients may
be one of the manifestations of the interferon

neurotoxicity. Confusion, somnolence, and lethar-
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gy may also be symptoms of neurotoxicity. Electro­
encephalographic abnormalities (slow wave and
sharp wave discharges) have been documented in
adult cancer patients receiving interferon;" True
seizures have been reported in only a small number
of patients.v''!? The mechanisms of neurotoxicity
are understood poorly, especially since the blood­
brain and brain-CSF barriers are not easily pene­
trated by interferon. The complex neurotoxic ef­
fects including fatigue may be a manifestation of in­
terferon-induced frontal lobe encephalopathy. 15

All of our children receiving interferon experi­
enced fatigue that resolved 1 to 3 months following
initiation of therapy. In the patient who experi­
enced grand mal and petit mal type seizures, we

cannot state with certainty that this represents a

manifestation of interferon neurotoxicity. While his
temperature at the time of the initial seizure was

elevated only moderately and he had no antecedent
or family history of seizure disorders, he had been
receiving interferon during the previous 9 months
without incident. He did, however, experience a

second grarid mal seizure after stopping and restart­

ing interferon 1 week later that was associated with
an elevated temperature. A high fever, rather than
a direct CNS toxicity due to interferon, may explain
the confusion and seizure experienced by the second
patient.

Gastrointestinal-Hepatic System. Gastrointesti­
nal- toxicity manifested as anorexia, nausea, and
vomiting usually occurs early in the interferon
course and is probably part of the influenza-like
syndrome. None of our patients experienced signifi­
cant diarrhea as described in adult cancer patients"
receiving interferon.

Hepatotoxicity in the form of elevated trans­
aminase levels has been observed in as high as 80 %
of patients receiving interferon, depending on the
dosage and frequency. 14 The mechanism of in­
terferon hepatotoxicity is understood poorly. Eleva­
tion of alkaline phosphatase and lactic dehydro­
genase have been observed less frequently. Eleva­
tion of transaminase levels can be frightening, espe­
cially in children, but our experience has confirmed
that reported in adult cancer patients, 11 in that
transaminase levels rapidly return to pretreatment
levels following rest periods off the drug.

Hematopoietic System. The exact mechanism of
suppression of RBC, WBC, and platelet cell lines by
interferon is debated and may involve true myelo­
suppression of myeloid progenitor cells, simple
vascular redistribution of circulating leukocytes in
the case of WBCs, and immune-mediated thrombo­
cytopenia in the case of platelets. 14.20-22

Anemia that is normocytic and normochromic
and occurs gradually over weeks to months is typi­
cal of adult cancer patients, although this was ob­
served in only one of our patients. Leukopenia usu-
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ally occurs more rapidly after the first few weeks of
interferon administration and tends to plateau and
stabilize at a lowered total WBC count with contin­
ued therapy. Although an increased propensity for
infection has not been observed, we feel interferon

therapy should be discontinued if the total WBC
count approaches 2,500/mm3• Recovery is usually
brisk following cessation of therapy. Rapid and dev­
astating pancytopenia has been reported in a few
patients. 14.20

Cutaneous System. The mechanism of partial
alopecia is unknown. Curiously, excessive growth
of eyelashes has been observed in a few patients. 23

The significance of the maculopapular skin erup­
tions occurring in two patients during the initial
febrile response is not clear, and whether or not

these eruptions -are related to the interferon is not

certain.

ORGAN SYSTEM TOXICITIES AND SIDE EFFECTS
NOT OBSERVED IN OUR PATIENT GROUP

Tachycardia; atrial and, less commonly, ven­

tricular arrhythmias; congestive heart failure; and
myocardial infarction have been reported infre­
quently in adult cancer patients receiving inter­
feron.:" In general, most of these patients have been
older, and a significant number of them had predis­
posing cardiac risk factors prior to initiation of ther­
apy. None of these complications were observed in
our patients.

Acute renal failure and nephrotic syndrome have
been reported in a small number of adult cancer pa­
tients receiving interferon. 14 Proteinuria is relative­
ly common (15% to 20%), but is usually mild and
transient. None of our patients have exhibited pro­
tein in the urine with performance of regular uri­

nalyses. Serial creatinine levels have been normal in
all patients studied thus far.

Thyroid dysfunction in the form of hypothy­
roidism was described recently. 25 Because of this
finding, we initiated drawing of thyroid hormone
panels as part of the regular workup for our patients
receiving interferon. This included the two patients
with partial alopecia, which may be a manifesta­
tion of hypothyroidism. Thus far, we have found
normal levels of thyroid hormone in the 12 patients
for whom results have been obtained.

'

Other objective laboratory abnormalities ob­
served in adult cancer patients receiving interferon'
and not observed in our study group have included
hyperkalemia, hypercalcemia, and decreased blood
levels of estrogen, progesterone, and high density
lipoproteins.!' Antibodies to a-IFN have not been
detected thus far in patients receiving NYBC in­
terferon or Intron A. Results of antibody studies for
patients receiving Wellferon are pending.

SUMMARY

The fact that interferon results in toxicity and
side effects involving multiple organ systems is not

surprising in light of its extreme range of antiviral,
antineoplastic, and immunomodulatory effects.
The side effects and toxicities observed in our pa­
tients receiving interferon have in general been
tolerable, controllable, and reversible. A potential
problem with growth in children receiving inter­
feron has been identified, and more studies are

needed. Although trials regarding the efficacy of
the drug in retarding the growth of papillomas need
to be completed, we have demonstrated that inter­
feron has been of benefit to our patients.v" Because
the side effects and toxicities are tolerable, the ex­

perimental use of interferon to treat patients with
recurrent respiratory papillomatosis should con­

tinue.
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Nasopharyngeal carcinoma traditionally has been treated with radiotherapy alone. Although the probability of cure for patients with

stage I and II nasopharyngeal carcinoma is high, the probability of cure for patients with stage III and IV disease is poor because of a high­
er rate of local-regional and distant failure. Between February 1981 and August 1986, 24 patients with previously untreated, stage IV naso­

pharyngeal carcinoma were treated with two to four monthly courses of cisplatin-based combination chemotherapy prior to radiotherapy.
A response to induction chemotherapy was recorded in 75% of patients (29% complete response and 46% partial) prior to radiotherapy.
By actuarial estimate with a median follow-up of 42 months, the 2-year failure-free survival for all patients was 57 % . In conclusion, induc­
tion chemotherapy has significant activity in nasopharyngeal carcinoma. The toxicity of this approach, as well as the influence of initial

histopathology and response to chemotherapy on survival, will be discussed.

KEY WORDS - chemotherapy, nasopharyngeal carcinoma, radiotherapy.

INTRODUCTION

The role of induction chemotherapy in the multi­

disciplinary treatment of patients with advanced
squamous cell carcinoma of the head and neck

(SCCHN) remains controversial. Numerous uncon­

trolled studies have reported high response rates to

combination chemotherapy prior to local treat­

ment, an association between a response to induc­
tion chemotherapy and survival after local treat­

ment, and most importantly, an improved survival
compared with historical controls.l" Unfortunate­
ly, a survival advantage was not associated with the
use of induction combination chemotherapy in any
of the five published randomized trials that con­

tained a control group of patients treated with con­

ventional surgery or radiotherapy alone."?" Al­
though the results from these randomized trials may
have been compromised by the frequent use of com­

bination chemotherapy of a limited duration (:5 4
weeks in three of five studies), inadequate patient
accrual, or suboptimal local treatment, the use of

chemotherapy prior to surgery or radiotherapy re­

mains an investigational treatment modality of un­

certain benefit.

Several recent reviews .have critically analyzed
the use of chemotherapy in the multidisciplinary
treatment of patients with advanced SCCHN and
provided direction for future research activities. 14.15

Continued progress in the medical treatment of
SCCHN awaits the creation of more active regimens
of induction chemotherapy and an increase in the

rate of complete response (CR) to systemic treat­

ment, clarification of the extent of local treatment

required for adequate local-regional control after a

response to chemotherapy, knowledge of which pa­
tient subgroups have the most to gain from multi­

disciplinary treatment with chemotherapy, and ul­

timately a new generation of randomized trials us­

ing a control group of conventionally treated pa­
tients.

To this end, several studies of induction chemo­
therapy for patients with advanced SCCHN have
evaluated the impact of primary tumor site on

response to chemotherapy or survival. Three studies
of patients with advanced but potentially curable
(MO) SCCHN have recently suggested that patients
with nasopharyngeal tumors have a high rate of
response to induction chemotherapy and an im­

proved survival in comparison with patients whose
primary tumors arose from other head and neck
sites.8.16.17 This observation provided the stimulus
for an analysis of the Dana-Farber Cancer Insti­
tute's experience with induction chemotherapy and
radiotherapy in the treatment of advanced naso­

pharyngeal tumors. The objectives of this analysis

TABLE 1. STAGING DIAGRAM FOR 24 PATIENTS

NO Nl N2 N3

Tl
T2
T3

T4

3
4
1

5

3

1
2

21 2

�rom �e Divisions of Medicine (Clark, Dreyfuss, Fallon) and Biostatistics (Andersen), Dana-Farber Cancer Institute; the Departments of Surgery (Nor­
ris, �flller) and Pathology (Balogh), New England Deaconess Hospital; and the JOint Center for Radiation Therapy (Andersen, Chaffey), Harvard
Medical School, Boston. This work was supported by an American Cancer Society Clinical Oncology Career Development Award.
Presented at the meeting of the American Laryngological Association, Denver, April 25-26, 1987.
REPRINTS - John Ross Clark, MD, Dana-Farber Cancer Institute, 44 Binney St, Boston, MA 02115.
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TABLE 2. PATIENT CHARACTERISTICS
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Prima!11. Tumor Histology'
Group Group Group

Total 1 2 3

Patients 24 11 6 7
Male: female 19:5 6:5 6:0 7:0
Median age 56 57 43 59

(range) (9-73) (9-73) (12-48) (47-69)
T stage

Tl,2 11 5 1 5
T3,4 13 6 5 2

N stage
NO, 1 3 1 2
N2,3 21 10 4 7

were to define the rate of antitumor response to in­
duction combination chemotherapy and survival
after local treatment, and to determine the impact
of T stage, N stage, and pretreatment histologic dif­
ferentiation on treatment outcome.

METHODS

Between February 1981 and August 1986, 180

patients with advanced, previously untreated, stage
III and IV SCCHN were entered into one of three
Dana-Farber protocol studies of induction chemo­
therapy followed by conventional surgery or radio­
therapy. All 180 patients had histologically con­

firmed carcinomas of epithelial origin and were

evaluable for response, toxicity, or survival. Pa­
tients with multiple primary carcinomas or distant
metastases at presentation were excluded from these
studies, as were patients whose tumors represented
a second primary carcinoma.

while on therapy to ensure a total lung capacity and
residual volume greater than 60 % of normal and a

carbon monoxide diffusion capacity at least 55 % of
normal.

All patients were evaluated prior to study entry
for initial staging and treatment planning by a

surgeon, a radiotherapist, and a medical oncologist
in a multidisciplinary clinic. Written informed con­

sent was obtained and treatment begun with one of
the three combinations of induction chemotherapy
according to the schedules shown in Table 3. Cis­

platin was administered as intermittent intravenous
boluses in protocols k and B, and by 24-hour con­

tinuous infusion in protocol C. Three liters of nor­

mal saline were administered daily as hydration,
either in split doses before and after cisplatin (pro­
tocols A and B), or as a 24-hour continuous infusion
(protocol C). Bleomycin and 5-fluorouracil were

administered as 24-hour continuous infusions at the
doses shown for 5 consecutive days. Midcycle
methotrexate with oral calcium leucovorin rescue

was delivered in protocols A and C. Standard an­

tiemetic regimens were prescribed for prophylactic
control of nausea and vomiting.

The patient population consisted of 19 male
(79 %) and five female (21 %) patients (Table 2).
Only two patients were of Asian ancestry. Patient

age ranged from 9 years to 73 years, with a median
age of 56 years. Pretreatment primary tumor biopsy
specimens were reviewed retrospectively by a panel
of three pathologists and classified according to the
recommendations of the World Health Organiza­
tion.:" Histologically, 11 lesions (46 %) represented
undifferentiated carcinomas of nasopharyngeal
type including lymphoepitheliomas (group 1), six

(25 %) were nonkeratinizing epithelial carcinomas

(group 2) '\ and seven (29 %) were keratinizing
squamous cell carcinomas (group 3). The T-stage
and N-stage characteristics of the 24 study patients
are recorded in Table 2 before and after stratifica­
tion into these three histologic groups.

From these 180 patients, 24 (13 %) with carci­
nomas of nasopharyngeal origin were identified
(Tables 1 and 2). All 24 patients had stage IV dis­
ease at presentation as defined by criteria of the
American}oint Committee for Cancer Staging. 18 Of
the 24 patients, 13 were enrolled in protocol A,
seven in protocol B, and four in protocol C (Table
3). All patients had a pretreatment performance
status of 0 to 2, adequate renal function with a

creatinine clearance of � 50 mLimin, a leukocyte
count of �4,000/mm3, and a platelet count of Patients were reevaluated monthly during treat-
� 100,000/m3. Patients who received bleomycin as ment. At the end of induction chemotherapy, re-

part of their induction treatment in protocols A or B sponses were quantified by clinical and radiograph-
underwent monthly pulmonary function testing ic examinations. Epstein-Barr viral antigen titers

TABLE 3. CHEMOTHERAPY SCHEDULE

Protocol A
(2 Courses)

Protocol C
(2-4 Courses)

Protocol B
(2-4 Courses)

Patients 13 47 (randomized trial)

3 patients/ � 4 patients
Same as protocol 20 mg/m2/d IVB d 1-6
A

Cisplatin 20 mg/m2/d IVE d 1-5

Bleomycin
5-Fluorouracil

10 mg/m2/d 24-h infusion, d 3-7

Methotrexate

Leucovorin

200 mg/rn" IVB d 15, 22

20 mg po q6h d 16-18, 23-25
IVB - by intravenous bolus, po - orally.

25 mg/mvd 24-h infusion, d 1-5

1,000 mg/mvd 24-h infu­
sion, d 2-6

800 mg/m2/d 24-h infusion, d
1-5

200 mg/rn" IVB d 15, 22

20 mg po q6h d 16-18, 23-25



TABLE 4. RESPONSE TO INDUCTION CHEMOTHERAPY
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Histologic Groul!. Patients CR (%2 PR NR

Group 1 11 5 (45) 3 3*

Group 2 6 1 (17) 4 1

Group 3 7 1 (14) 4 2

Total 24 7 (29) 11 6*

CR - complete response, PR - partial response, NR - no response.

"Includes one death during induction chemotherapy.

were not routinely assessed. Primary site and lymph
node responses to chemotherapy were scored separ­
ately. A patient's overall response to chemotherapy
was determined by the least-responding tumor site
- primary or lymph node. A CR was defined as the

disappearance of all clinically or radiographically
evident tumor. A partial response (PR) was defined
as a > 50 % reduction in the product of two perpen­
dicular diameters of all measurable tumor - pri­
mary or nodal. No response (NR) was defined as any
response less than PR, stable disease, or progression
of disease while on chemotherapy.

Local treatment consisted of radiotherapy with
additional neck dissections in four patients. Radio­

therapy was administered to fields that were deter­
mined by the extent of disease prior to chemo­
therapy. A tumor dose of at least 60 Gy/30 frac­
tions/6 wk was planned to cover the nasopharynx
and upper neck in all patients, with appropriate
spinal cord shielding. Small additional fields of ex­

ternal beam radiotherapy or local implants (three
patients) were used to provide an additional 5 to 10

Gy to the primary tumor or to residual areas of
disease in the neck. Patients without palpable
disease in the neck generally received 4.5 to 5.5 Gy
in 5 weeks to this region. Radiotherapy was ad­
ministered with cobalt 60 or linear accelerator
beams, sometimes supplemented with electron
beam therapy to superficial sites. A radical neck
dissection was performed after radiotherapy in
three patients with localized residual neck disease.
A fourth patient received a radical neck dissection
after radiotherapy for management of a neck that
had been violated prior to treatment with a diag­
nostic lymph node excision.

TABLE 5. PRIMARY SITE (T STAGE) AND LYMPH NODE
(N �TAGE) RESPONSES TO CHEMOTHERAPY

Stage Patients CR (%2 PR NR

Tl 6 5 ( 83) 1

T2 5 2 ( 40) 2 1
T3 3 1 ( 33) 2
T4 10 3 ( 30) 4 3*

Total 24 11 ( 46) 9 4*

Nl 2 2 (100)
N2 12t 6 ( 46) 4 2*

N3 8 2 ( 25) 4 2

Total 22 10 ( 45) 8 4*
CR - complete response, PR - partial response, NR - no response.

"Includes one death during induction chemotherapy.
[Excludes one patient who received diagnostic excision of N2a lymph
node prior to therapy.

TABLE 6. EFFECT OF RESPONSE TO INDUCTION
CHEMOTHERAPY AND HISTOLOGIC GROUP ON LOCAL­

REGIONAL CONTROL OF DISEASE AND SURVIVAL

NED Total
After Local Failure Alive

Patients Treatment LRIDistant NED

Response
CR 7 7 1/0 5*
PR 10 8 3/1' 6

NR 5 2 2/2 1

Histologic
group

1 9 8 112 5
2 6 5 2/0 4

3 7 4 3/1 3

Total 22 17 6/3 12

NED - no evidence of disease, LR - local-regional.
"Excludes one death due to ovarian cancer while NED for nasopharyn­
geal carcinoma.

RESULTS

Of the 24 patients, a complete remission with in­
duction chemotherapy alone was achieved with sev­

en patients (29 %) and a partial remission in 11 pa­
tients (46 % )) for a total response rate of 75 %

(Table 4). The CR rate for patients with undifferen­
tiated tumors was 45 % (five of 11 patients), which
was greater than the CR rates for patients with
nonkeratinizing epidermoid tumors (17 % CR) or

keratinizing squamous tumors (14% CR); however,
the observed difference in the incidence of CR be­
tween histologic groups was not significant (p = .18,
Fisher Exact Test).

The influence of primary tumor size or extent of
regional adenopathy on response to chemotherapy
is shown in Table 5. As noted, a primary site CR to

induction chemotherapy was noted in 83 % of pa­
tients with Tl primary lesions, but in only 30 % of
patients with T4 lesions (p = .04, Wilcoxon Mid­
Rank Test). A similar trend in the rate of CR was

apparent in the 22 patients with measurable region­
al adenopathy (p= .06, Wilcoxon Mid-Rank Test).

Twenty-two of the 24 patients treated with che­
motherapy completed local treatment and were

evaluable for an analysis of local-regional control of
disease and failure. Table 6 records these data with
a median follow-up of 31/2 years from study entry
(range, 6 months to 7 years 1 month). Seventeen of
the 22 patients (77 %) were disease-free after local
treatment. Upon stratification by response to induc­
tion chemotherapy, a significant difference was ap­
parent in the proportion of patients who were dis­
ease-free after local treatment (p = .02, Wilcoxon
Mid-Rank Test). Eighty-eight percent (15 of 17) of

patients with a response to induction chemotherapy
were disease-free after local treatment, whereas on­

ly 40 % of patients (two of five) with no response to

initial chemotherapy achieved a similar disease-free
state. To date, nine of the 22 patients who com­

pleted local treatment have had either recurrent
disease or progression of persistent disease (three
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Fig 1. Overall and failure-free survival by actuarial esti­
mate for 24 study patients. Eighteen patients remain alive
(2-yr survival, 71 % ). Thirteen patients remain failure-free
(2-yr survival, 57%).

local, three regional, three distant relapses). Con­

sidering only the 17 patients who were disease-free
after local treatment, four (24 %) have developed
recurrent disease, including one of seven patients
with a complete response to induction chemothera­
py (local relapse), two of eight patients with a par­
tial response (local and distant relapse), and one of
two patients with no response to initial chemothera­
py (distant relapse). Upon stratification by histolog­
ic group, eight of nine evaluable patients (89 % )
with undifferentiated nasopharyngeal tumors were

disease-free after local treatment, whereas only four
of seven patients (57 % ) with keratinizing squamous
tumors were disease-free after local treatment; but
this difference was not statistically significant.

Salvage treatment with curative intent was of­
fered to three patients who relapsed after disease­
free intervals of 10 months, 10 months, and 2 years
4 months, respectively. One local recurrence was

controlled for 2 months with 30 Gy radiotherapy by
an intracavitary cesium implant. An upper neck re­

currence was .resected, leaving close margins at the
base of the skull. This patient remains clinically
disease-free 5 months after surgery, but is con­

sidered alive with disease. The third recurrence in­
volved the upper neck with extension to the lateral
oropharyngeal wall and the base of the skull. This
recurrence was unresectable and managed with se­

quential chemotherapy and 20 Gy external beam
and 50 Gy 198Au seed implant radiotherapy, which
led to partial tumor regression. The latter patient
remains alive with regional disease 2 years 3 months
after relapse.

Actuarial estimates of survival for all 24 patients
have been calculated using the technique of Kaplan
and Meier (Fig 1).20 At present, 18 of 24 patients
(75 %) are alive, although six are alive with recur­

rent or persistent disease. The overall survival by
actuarial estimate 2 years from study entry is 71 % .

Given the number of patients who are alive with
disease and their relatively short follow-up, failure­
free survival may be a more appropriate estimate of

Fig 2. Failure-free survival by response to induction che­
motherapy for 22 patients who completed local treatment.

Complete response (solid line), six of seven patients remain

failure-free; partial response (short-dashed line), six of ten

patients remain failure-free; no response (long-dashed
line), one of five patients remain failure-free.

treatment outcome. By actuarial estimate, the
2-year failure-free survival is 57 % , with no relapses
noted in the nine patients remaining failure-free af­
ter 2 years 4 months.

Failure-free survival for the 22 patients who com­

pleted local treatment was considered separately.
Upon stratification by response to induction chemo­
therapy (Fig 2) or histologic group (Fig 3), trends
were apparent suggesting improved survival for
those patients with a response to induction chemo­
therapy or a tumor of the undifferentiated or non­

keratinizing type.
The toxicity of this approach was generally ac­

ceptable, with mild to moderate nausea in most pa­
tients that was effectively controlled with pro­
phylactic antiemetic medications. No significant re­

nal, bone marrow, or respiratory toxicities to che­

motherapy developed during this study. Mild, tran­

sient, drug-induced mucositis was recorded in two
of eight patients treated with 5-fluorouracil chemo­
therapy combinations. One death during treatment
occurred in a patient receiving protocol A chemo­
therapy. This patient died of an outpatient myocar­
dial infarction in the setting of normal blood counts
1 week following hospital discharge from the first
inpatient cycle of chemotherapy. Twenty-two of 24

patients completed radiotherapy, excluding the one

patient who died during induction chemotherapy
and one patient who refused local treatment.
Radiation-associated toxicity consisted of mild to

moderate mucositis in most patients and severe

mucositis in four patients that was managed with
brief (1 week) radiation treatment breaks. One pa­
tient with T4N3b disease and multiple cranial
neuropathies at presentation did not respond to in­
duction chemotherapy and developed severe weight
loss and inanition during treatment. Despite mini­
mal mucositis, this patient required multiple treat­
ment breaks during a 1O-week course of radiothera­
py and was never disease-free. No surgical compli-
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carcinoma (42% T4 primaries, 88% N2 or N3

adenopathy) received 2 to 4 months of cisplatin­
based combination chemotherapy prior to local
treatment. A significant response to initial chemo-
therapy developed in 75 fo of patients, with 29 %

exhibiting complete clinical regression of tumor.

Achieving a CR to chemotherapy was correlated in­

versely with advancing T stage (p = .04) and N stage
(p = .06). A response to chemotherapy also was

associated with treatment outcome after radiother­
apy (p = .02). In addition, it was suggested that pa-
tients with undifferentiated nasopharyngeal car­

cinomas have a higher rate of CR to induction
chemotherapy and an improved treatment outcome
when compared to patients with keratinizing naso­

pharyngeal carcinomas. The apparent sensitivity of
nasopharyngeal carcinomas to chemotherapy has
been published previously.v:" The data in this re­

port, however, represent the first evidence that his­
tologic differentiation of nasopharyngeal carci­
nomas influences response to chemotherapy.
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Fig 3. Failure-free survival by histologic group for 22 pa­
tients who completed local treatment. Group 1 (solid line),
six of nine patients remain failure-free; group 2 (short­
dashed line), four of six patients remain failure-free; group
3 (long-dashed line), three of seven patients remain failure­
free.

cations developed in the four patients who under­
I went planned neck dissections after radiotherapy.

DISCUSSION

Nasopharyngeal carcinoma is a relatively uncom­

mon malignancy in North America that is charac­
terized by an epidemiologic association with Ep­
stein-Barr viral infectiorr'"?" and a remarkable
tendency for early regional and distant metastatic

spread.t"" The traditional treatment for this dis­
ease has been radiotherapy alone because of a re­

ported sensitivity to radiotherapy and the technical
inability to resect either primary site disease or con­

tiguous lymph node chains. While the probability
of cure for patients with stage I and II naso­

pharyngeal cancer is high, the probability of cure

for patients with stage III and IV (MO) disease is

poor because of a higher rate of local-regional and
distant failure. From large series of Chinese patients
with advanced nasopharyngeal carcinoma (non­
AJC stage III and IV), the 5- and 10-year survival
rates are 10 % to 45 % and 0 % to 30 %, respec­
tively.24,32-35 The North American experience with

nasopharyngeal carcinoma is more limited, but a

2-year survival of only 35 % to 50 % has been re­

ported for patients with advanced disease.P'":"
While local-regional relapse remains the principal
cause of treatment failure and death, the incidence
of clinically significant distant metastases is 20 % to

40 % 28-30,34,35 and is thus higher than the incidence
of distant metastases from squamous cell carci­
nomas originating in other head and neck sites.

The use of chemotherapy prior to the local treat­
ment of advanced nasopharyngeal carcinomas rep­
resents an investigative approach that offers the po­
tential of initial macroscopic tumor reduction and
enhancement of local-regional control by subse­
quent radiotherapy, as well as the early systemic
treatment of microscopic metastatic disease. In this
study, ·24 patients with stage IV nasopharyngeal

96

Several of these findings parallel those from
studies of induction chemotherapy for previously'
untreated, advanced carcinomas of other head and
neck sites. In these studies, CR rates of 20 % to 50 %
have been recorded and correlated with pretreat­
ment tumor extent and survival after local treat­

ment;2,5,7,8,10,44 however, a response to induction

chemotherapy may not be associated with an im­

proved survival' independent of other prognostic
factors such as T stage and N stage. A multivariate
analysis can evaluate this problem, and when per­
formed, such an analysis has .shown that a response
to chemotherapy is associated with an improved
survival independent of initial tumor volume." The
number of patients in the present study was too

small to perform such an analysis.
The principal question is whether the use of in­

duction chemotherapy for patients with nasophar­
yngeal carcinoma leads to an improved survival
compared to that achieved with radiotherapy
alone. Certainly the 2-year failure-free survival of
57 % noted in this series of patients with stage IV
disease compares favorably with the cited North
American experience. The value of comparisons
with historical controls from other institutions is

limited, however, given frequent differences in pa­
tient composition, tumor histology, methods of pre­
treatment staging, and local treatment. The use of
historical controls within a single institution lessens
these differences, and when used, two studies sug­
gested an improved survival with chemothera­
pY,45,46 whereas a third study" did not report a sur­

vival advantage with chemotherapy in the initial
treatment of patients with advanced nasophar­
yngeal carcinoma.

The role of chemotherapy in the management of

patients with nasopharyngeal carcinoma will ulti­
mately be defined by large, prospective, random-
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ized trials using a control group of patients treated
with radiotherapy alone. Such trials must be strati­
fied for patient age, tumor stage, and histologic dif­
ferentiation. Concurrent with ongoing randomized
trials, continued progress must be made in deter­
mining the most active chemotherapy regimen
against nasopharyngeal carcinomas, the proper
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timing of chemotherapy with radiotherapy (ie, ad­
ministration before, during, or after radiotherapy),
and the role of surgery after radiotherapy. At this
time, the use of chemotherapy in the initial treat­
ment of patients with nasopharyngeal carcinoma
remains an investigational tool of considerable
promise.
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TECHNIQUE FOR EXTERNAL REPOSITIONING OF THE PARALYZED
VOCAL CORD WITH SILASTIC IMPLANT

J. RAMON ESCA]ADILLO, MD

IMPERIAL BEACH, CALIFORNIA

A technique is introduced for vocal cord mobilization in which a tunnel is made through the inner perichondrium of the thyroid car­

tilage and a medical grade silicone is placed from the upper part of the thyroid cartilage and pulled out over the cricothyroid membrane.
This technique was performed on six dogs, and results were compared to those of a modified laryngoplasty performed on another six dogs.
The technique was refined on 20 cadavers and finally performed on five adult patients with morethan 1 year of vocal cord paralysis.
Results of this technique suggest that it constitutes a good alternative to Teflon injection; morbidity was minimal.

KEY WORDS - Silastic implant, vocal cord paralysis.

INTRODUCTION

Phonosurgery is a growing subspeciality in oto­

laryngology-head and neck surgery and involves a

great number of applications, such as voice rehabil­
itation after ablative surgery of the larynx, manage­
ment of the flaccid larynx, treatment for atrophy of
the vocal cords, surgery for modification of vocal

pitch, and treatment for vocal cord paralysis.
Until now, there have been several alternatives

for the treatment of symptomatic vocal cord paraly­
sis.':" In 1915, Payr" used a tilted U-shaped incision
on the thyroid ala to make a pedicled cartilage flap,
which was depressed inward in order to shift the
vocal cord medially. This constituted the first at­

tempt at external mobilization of the vocal cord. In

1952, Meurman 10 used a cartilage implant taken
from the costal rib and inserted between the thyroid
cartilage (TC) and the inner perichondrium. In

1955, Opheim" used an incised segment of the TC,
which was inserted into the inner perichondrium at

the level of the vocal cord. This produced severe

postoperative edema, which required tracheotomy.
In 1968, Sawashima et al'" inserted an incised seg­
ment of TC between the thyroid ala and inner peri­
chondrium, with excellent results for the voice.

Isshiki et aP3.14 reported a thyroplasty for dys­
phonia due to vocal cord paralysis or atrophy as an

alternative to intracordal Teflon injection, which is
the most frequently performed procedure. Their

technique consists of a rectangular incision over the

thyroid ala, approximately 10 x 3 mm, the upper
margin of which should be at the level of the vocal
cord. A wedge of TC is inserted between the rec­

tangular fragment and the remaining frame of the
TC to enhance the compression effect on the vocal
cord.

In 1986, Koufman" reported a modification of
the medialization laryngoplasty of Isshiki et al that
involves using a Silastic implant, which is custom

fitted for each patient in order to obtain the best

possible functional results. The present paper dis­
cusses Koufrnan's modified procedure and intro­
duces another technique for vocal cord medializa­
tion, in which an incision over the external peri­
chondrium of the medial upper part of the TC is

performed and, as in a septoplasty, a tunnel is made

through the inner perichondrium until the cricothy­
roid membrane is reached. A medical grade silicone
is placed on the superior part of the TC and pulled
out over the cricothyroid membrane. We report our

results in dogs, cadaver specimens, and five patients,
and compare this technique with Koufman's.

MATERIAL AND METHODS

Twelve adult mongrel dogs were used for the ex­

periment. The dogs were divided into two groups.
In the first experiment, five dogs were anesthesized
with an intraperitoneal injection of pentobarbital
sodium. After draping, shaving, and cleaning the
neck, a vertical midline incision was performed in
order to expose the larynx and left recurrent la­

ryngeal nerve, which was sectioned, and a 2-cm

sample of the nerve was taken after verifying nor­

mal vocal cord mobility through direct laryngos­
copy.

The midline raphe of the strap muscles was in­

cised, and these were reflected laterally, exposing
the entire TC on the left side. The external
perichondrium of the medial upper part of the TC
was incised, and as in a septoplasty, a tunnel was

made with the aid of a Freer dissector through the
inner perichondrium until the cricothyroid mem­

brane was reached. Here, a careful dissection was

performed to avoid luxation of the cricothyroid
joint and laceration of the mucosa in the subglottic
region. Then a medical grade silicone in the form of
a cylinder 4 mm in diameter, previously designed
according to the cadaver larynx studies, was placed
from the superior part of the TC and pulled out
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over the cricothyroid membrane (Fig 1A). The Si­
lastic was fixed with nonabsorbable sutures to pre­

I laryngeal muscles. The wound was closed in layers.
Perioperative antibiotics were administered to the
animals.

The second experiment also was performed on

five dogs. The preoperative procedures were basi­
cally the same, and the left recurrent laryngeal
nerve was sectioned. In this group, Koufrnan's mod­
ification of the laryngoplasty devised by Isshiki et al
was performed. A rectangular incision was made
over the left thyroid ala according to Koufman's
formula;" The upper margin of the incision was at

the level of the vocal cord. The window of cartilage
was cut with a No. 11 blade without perforating the
inner perichondrium. A Cottle elevator was used to
raise the inner perichondrium until the window of

cartilage was free of the alar cartilage. Then a

medical grade Silastic implant was positioned hori­
zontally, pressing and medializing the cartilage
window (Fig lB). The wound was closed in layers.

The dogs were killed 1 week (two dogs), 2 weeks
(two dogs), 3 weeks (two dogs), 6 weeks (two dogs),
and 8 weeks (four dogs) postoperatively. Their la­
rynges were removed, fixed in formalin, and stained
with hematoxylin and eosin for light microscopic
study.

In two additional dogs, one belonging to the first
group and one to the second, the recurrent laryn­
geal nerve was not cut. Both were killed at 8 weeks
postoperatively.

The dogs' barking was recorded on a cassette tape.
for evaluation before and after the operative pro­
cedure. The results were described as excellent (nor­
mal barking), good (nearly normal barking), and
poor (dysphonia).

The second part of this study refers to the ana­

tomic dimensions (Fig 2) of 20 adult human laryn­
ges (16 from males and four from females; age

Fig 1. Photographs of cylindrical
Silastic implants in dogs A) from
upper part of thyroid cartilage to

cricothyroid membrane (tunnel
technique) and B) inside previous­
ly made window, over ala of thy­
roid cartilage,

range, 20 to 64 years; mean, 30 years) from ",:,hich
the following mean measurements were obtamed:

1) height of the central portion of the TC (20 mm);
2) height of the left thyroid ala (28.8 mm), .2A)
height of the right thyroid ala (29.1 mm�; 3) WIdth
of the left thyroid ala (36.3 mm), 3A) WIdth of the

right thyroid ala (36.4 mm); 4) distance between
the true vocal cords and the inferior border of the
TC (10.2 mm); 5) distance between the true vocal
cords and the superior border of the TC (9.9 mm);
6) length of the vocal cords (20.2 mm); 7) ?istance
between the posterior cricoid and the anterior com­

missure (30.2 mm); 8) height of the arytenoids (18.2
mm); 9) width of the interior larynx, taken from
one external thyroarytenoid muscle to the other

(19.6 mm); 10) width of the glott.ic lumen, with �4.2
mm) and without (7.0 mm) an Implant; 11) WI?th
of the subglottic lumen, with (12.7 mm) and with­
out (13.5 mm) an implant.

The surgical technique for external mobilization
of the vocal cord was performed on all the larynges,
and the glottic and subglottic lumens were mea­

sured with calipers before and after the introduc­
tion of the Silastic implant (4 mm). The larynges
were fixed in formalin and stained with hematox­
ylin and eosin for light microscopic study (Fig
3A,B).

RESULTS

All the dogs tolerated the procedure well, and the
fibrotic reaction around the silicone material was

minimal (Fig 3C) .

The group in which the tunnel technique was

performed showed good compensation (Iateraliza­
tion) of the vocal cord. One dog developed a

granuloma in the region of the anterior com­

missure. The barking recorded on a cassette tape
showed excellent results (normal barking) in two

dogs, good (slight loss of air) in two others, and poor
(evident dysphonia) in one.
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Fig 2. Views of larynx. A) Frontal view. 1 - height of cen­

tral portion of thyroid cartilage (TC), 2 - height of left
thyroid ala, 2A - height of right thyroid ala, 3 - width of
left thyroid ala, 3A - width of right thyroid ala, 4 - dis­
tance between true vocal cords and inferior border of TC,
5 - distance between true vocal cords and superior border
of TC. B) Lateral and coronal views. 4 - distance be­
tween true vocal cords and inferior border of TC, 5 - dis­
tance between true vocal cords and superior border of TC,
6 - length of vocal cords, 7 - distance between posterior
cricoid and anterior commissure, 8 - height of arytenoids,
9 - width of interior larynx, taken from one external thy­
roarytenoid 'muscle to other.

In the second group, none of the dogs developed a

granuloma. In one case, an abscess formed in the
wound, compromising the results, and the pros­
thesis was removed. The implant was also well tol­
erated, with minimal reaction. Barking was excel­
lent in two dogs, good in two, and poor in one (the
one with the infection).

Concerning the two dogs in which the recurrent

laryngeal nerve was not cut, one developed a granu­
loma of the anterior third of the medialized vocal
cord.

The results of the anatomic measurements per­
formed on the human larynges seem to indicate that
the tunnel technique shortens the subglottic space,
whereas the Koufman laryngoplasty does not. This
effect did not seem to produce any functional deficit
in the dogs, at least during the period of follow-up,
and no diplophony was noticed.

It was evident that the thyroarytenoid muscles
moved toward the midline after the introduction of
the implants. This goal is reached in a similar way
with both techniques.

CASE REPORTS

Case 1. A 27-year-old man had progressive
idiopathic hoarseness, which had started when he
was 13 years of age. A Teflon injection on the left
vocal cord was performed when he was 20 years of

age, with apparent early good results, but after
several months the hoarseness became worse. When
we first examined the patient, he had severe dys­
phonia, and indirect laryngoscopy revealed atrophy
of the left vocal cord, which was lateralized. A
direct laryngoscopy confirmed these findings. The
vocal cord had an irregular shape and a stone-hard
consistency. The patient did not have aspiration
problems, and he was scheduled for vocal cord mo­

bilization under local anesthesia via an external ap­
proach using Koufman's modification of the proce­
dure of Isshiki et al. Several different sizes of Silastic
implant were tried, and it was finally decided to

leave two struts. The external perichondrium was

used to seal the defect. The postoperative period
was unremarkable and the patient's dysphonia im­

proved, but a normal voice was not obtained. How­

ever, we consider this a successful procedure, be­

ca�se of the preoperative condition of the larynx.
Case 2. A 51-year-old woman underwent a sec­

tion of the right recurrent laryngeal nerve after ex­

cision of a thyroid carcinoma. She developed a

moderate dysphonia with minimal aspiration. Di­
rect laryngoscopy showed a paramedian right vocal
cord paralysis. A Koufman technique was per­
formed, using the external thyroid perichondrium
to seal the defect. She obtained a normal voice, but
the aspiration was the same at her lO-month follow­

up.

Case 3. A 60-year-old man developed an idio­
pathic left vocal cord paralysis with severe dys­
phonia and moderate aspiration. Direct laryngos­
copy showed a lateralized left vocal cord. He un­

derwent surgical medialization of the vocal cord
with the tunnel technique, after which he obtained
a nearly normal voice without aspiration on an

ll-month follow-up (Fig 4A).
Case 4. A 70-year-old man developed severe dys­

phonia and aspiration after a cerebrovascular acci­
dent. Direct laryngoscopy revealed a lateralized left
vocal cord paralysis. The tunnel surgical technique
was performed, after which he obtained a nearly
normal voice without aspiration on a 12-month
follow-up.

Case 5. A 48-year-old woman developed aphonia
and moderate aspiration secondary to lung carci­
noma. Direct laryngoscopy revealed a paramedian
left vocal cord paralysis. She underwent a tunnel
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surgical technique for medialization of the vocal
cord. Postoperatively she obtained a nearly normal
voice, with minimal aspiration, which was the same

on her 12-month follow-up.

DISCUSSION

Various techniques exist to alter vocal cord posi­
tion surgically, with intracordal Teflon injection
being the most popular. 16 However, as Koufman
has pointed out, it has several disadvantages: 1) the
need for patient cooperation under local topical
anesthesia during direct laryngoscopy; 2) the need
to be sure that motor function will not return to the

injected vocal cord; and 3) the fact that the tech­

nique is not suggested in status postcordectomy, in
the presence of atrophy and bowing of the vocal
cord, or after laryngeal trauma causing a loss of soft
tissue.

Case 1 suggests that patients with deficient soft
.

tissue and scarring of the vocal cord can benefit
from external medialization of the vocal cord. It
seems that the tunnel technique can provide relief
of aspiration in patients with paralysis due to cen­

tral lesions, who often have concomitant superior
laryngeal nerve and pharyngeal dysfunction, as

well as in patients who have a lateralized vocal cord
paralysis. This can be related to the slight reduction
in the subglottic lumen produced by the implant
(Fig 4B) ,. which was found also in the cadaver dis-

Fig 3. A,B) Human larynges. A) Left side male, right side female,
both showing Silastic implants in place, using both procedures for
external mobilization. a - Tunnel technique, in which implant
goes from upper part of thyroid ala to cricothyroid membrane,
through which it is pulled out; b - Koufman's modified pro­
cedure'S shown as rectangular window created on inferior portion
of thyroid cartilage, through which Silastic implant can be seen.

B) Transverse section showing vocal cord medialization using tun­

nel technique and Koufrnan's modified laryngoplasty. C) Micro­

scopic histologic section of dog larynx showing slight fibrotic reac­

tion around silicone implant (f), with normal thyroarytenoid
muscle on top and thyroid cartilage on bottom (H & E, original
x220).

sections. Three of the patients in whom the tunnel

technique was performed had clinical improvement
of their aspiration. Both techniques of external
medialization gave good functional results, and
four of the five patients obtained a normal or nearly
normal postoperative voice.

The granuloma formation in the anterior com­

missure in one of the dogs probably is related to an

excessive medialization of the vocal cord. We did
not observe the development of diplophonia, which
might have occurred with the tunnel technique, in
either the dogs or the five patients. There was no

damage of the subglottic mucosa or cricothyroid
joint luxation.

This study clearly shows how these techniques
work. The Silastic produced a minimal fibrotic
reaction, and its easy removal after a 2-month
period is additional evidence that these external
procedures are reversible. The degree of lateral
compression may be adjusted better by using Kouf­
man's technique than by the tunnel method, and
the former is ideal for medialization of the vocal
cord after a peripheral nerve lesion. The use of
perichondrium of the TC to seal the defect created
on it will help stabilize the implant and prevent ear­

ly extrusions.

Both techniques may be used in conjunction with
the procedure of vocal ligament tightening popu­
larized by Isshiki et al ;" Lejeune et al ;" and Tuck-
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er'" for management of flaccid larynges or for pa­
tients who desire a modification of basic vocal
pitch. Laryngeal reinnervation techniques such as

the ansa hypoglossi-recurrent laryngeal nerve

anastomosis" can be used as well, thanks to the
reversibility of the procedure, and may offer the pa­
tient a more physiologic method of restoring vocal
cord movement after unilateral paralysis. Once
vocal cord mobility is regained, the laryngeal im­

plant will be removed in order to avoid secondary
problems.

It seems that external medialization of the vocal
cord overcomes some of the inconveniences of Tef­
lon injection and offers a new area for research in

phonosurgery.

CONCLUSIONS

1. A new technique for vocal cord medialization is

presented, using medical grade Silastic in a

pocket created in the inner perichondrium of the
TC (tunnel technique).

Fig 4. (Case 3) Computed tomo­

graphic scans. A) Scan showing
Silastic implant after tunnel
technique was performed on left
side of larynx in order to medialize
vocal cord (arrow). Following
procedure, patient obtained near­

ly normal voice. B) Scan at level of
subglottic region, showing slight
reduction of lumen secondary to
Silastic implant (arrow). There is
no damage to mucosa or emphy­
sema around implant.

2. Early experiences have been promising in pa­
tients with paralysis due to central lesions, as

well as in patients with lateralized vocal cord
paralysis. Aspiration can be improved, and this
constitutes an advantage over Koufman's pro­
cedure.

3. A modification of Koufman's laryngoplasty
technique is presented, using the external
perichondrium of the TC to keep the Silastic im­

plant in place over the previously formed win­
dow. Experience has shown that several pieces of
Silastic were needed in order to get voice im­

provement.
4. These techniques of external mobilization have a

low morbidity. They are reversible and may be
used in combination with other techniques of
rehabilitation of the movement of the vocal
cords, such as the ansa hypoglossi-recurrent
laryngeal nerve anastomosis.

5. External mobilization of the vocal cord con­

stitutes a good alternative to the Teflon injection
method.
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IS CHRONIC GASTROESOPHAGEAL REFLUX A CAUSATIVE FACTOR
IN GLOTTIC CARCINOMA?

MURRAY D. MORRISON, MD, FRCS(C)
VANCOUVER, CANADA

Several forms of laryngeal dysfunction can be attributed to the effects of chronic gastric reflux through direct acid irritation, by a reflex
alteration in voluntary muscle tone or vagally referred sensation. It is widely accepted that contact ulcers and granulomata over the medial

aspects of the arytenoid cartilages are associated with gastric reflux, but there have not been well-documented cases of glottic carcinoma
that are reflux-related. This paper presents five cases of glottic carcinoma, all with Tllesions of the anterior two thirds of the vocal cord.
All the patients were lifetime nonsmokers and had no ailments other than moderately severe chronic gastroesophageal reflux. Clinical
details from the study of these patients strongly indicate that the reflux may have been a factor in the development of the disease. In addi­
tion, review of 21 lifetime nonsmokers with glottic carcinoma presenting over a lO-year period at the Cancer Control Agency of British
Columbia revealed 48 % likely to have been suffering from reflux, compared to 16 % in a group that had stopped smoking 10 or more years
previously. While this small number of cases cannot be said to prove the causative relationship between reflux and glottic carcinoma, it is

important for the otolaryngologic community to be aware of the possible clinical relationship.
KEY WORDS - gastric reflux, laryngeal cancer.

The title of this presentation is in the form of a

question, and for the time being the question will
remain unanswered. I present several cases of glot­
tic carcinoma in lifetime nonsmokers that may have
been reflux-induced, at least in part, and also offer
some circumstantial evidence from a review of 10

years of experience with glottic cancer from the
Cancer Control Agency of British Columbia that
supports chronic gastroesophageal reflux as a possi­
ble causative factor in this disease.

When an otolaryngologist sees a patient with a

carcinoma of the glottic larynx, it is assumed rou­

tinely that the patient has been a heavy smoker for
most of his or her life. One is surprised when it turns

out that the patient is a nonsmoker of many years,
or has never smoked in his or her life.

Five patients with glottic carcinoma who were

lifetime nonsmokers presented over a relatively
brief period, during which time the author was in­
terested in the manifestations of chronic gastro­
esophageal reflux on the larynx. Much of our study
of pharyngolaryngeal manifestations of reflux has
been directed toward the common throat symptoms
of globus sensation, postnasal drip, and habitual
throat clearing, as well as the more usual heartburn
and postprandial discomfort with nighttime cough­
ing spells and throat problems in the morning. It
became apparent that these nonsmoking patients
with glottic carcinoma had an abundance of these

symptoms, so attention turned to their reflux status.

CASE REPORTS

Case 1. An overweight man 46 years of age had
been having lifetime problems with recurrent upper

respiratory tract problems attributed to chronic
sinusitis and postnasal discharge. He eventually de­
veloped nighttime asthma attacks that would wake
him. He also developed nasal polyps, for which al­

lergy to aspirin was ruled out as a cause. Examina­
tion of the larynx showed a diffusely reddened pos­
terior glottic mucosa with a white polypoid mass in
the middle third of the right vocal cord, which bi­
opsy confirmed to be a moderately differentiated

squamous cell carcinoma. This was treated with
radiation therapy and responded well, but during
the follow-up period over the next few years, he
continued to have difficulty with his nighttime
coughing spells and with postnasal drip and globus
sensation. A barium swallow study showed a hiatus
hernia, and his symptoms cleared on antireflux

management.

Neither he nor anyone in his family had ever been
tobacco smokers, nor had he had any known expo­
sure to other potential carcinogens.

Case 2. A woman 56 years of age had throat com­

plaints of less than 1 year consisting of postnasal
drip that was often metallic or acid-tasting, habitu­
al throat clearing, heartburn after meals, and a dry,
irritated throat in the mornings. Her voice became

squeaky and higher-pitched, so that she was unable
to sing in the church choir.

Laryngoscopy showed a rather fleshy and granu­
lar pinkish ovoid mass occupying the middle third of
the right vocal cord. Biopsy at microlaryngoscopy
showed an invasive well-differentiated squamous cell
carcinoma. This patient had never smoked a ciga­
rette in her life; neither did anyone else in her fami­
ly. She was otherwise well and on no medications.

From the University of British Columbia Division of Otolaryngology, Vancouver General Hospital, and the Cancer Control Agency of British Colum­
bia, Vancouver, Canada.
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TABLE 1. SMOKING HISTORY IN 458 PATIENTS WITH
GLOTTIC CARCINOMA

Morrison, Reflux & Laryngeal Cancer

TABLE 2. AGES OF NONSMOKERS VERSUS
FORMER SMOKERS

Patients

Smoking History No. %

Never smoked 21 4.6

Stopped > 9 yr 44 9.6

Stopped < 10 yr 52 11.4

Light 34 7.4
Moderate 132 28.8

Heavy 148 32.3

Pipe smoker 11 2.4
Unknown 16 3.5

This patient's carcinoma responded well to radia­
tion therapy; however, she developed bilateral con­

tact granulomata over the arytenoids as the radia­
tion reaction settled down. These, as well as her
presenting symptoms, eventually were alleviated
with antireflux measures.

Case 3. For 2 years this 55-year-old man had
been having throat symptoms consisting of the need
to clear his throat because of a constant feeling of

congestion and of the inability to sing or project his
voice. He was found to have a large hiatus hernia
and to have had trouble with gastric reflux for the
previous 15 years. He was unable to drink coffee
without its causing heartburn, throat clearing, post­
nasal drip, and globus sensation. He had never

smoked cigarettes and used alcohol only minimally.
Laryngoscopy showed a diffuse hyperkeratotic ap­
pearance at the anterior end of the left vocal cord
that seemed to extend to the anterior right vocal
cord as well. Laryngoscopy and biopsy confirmed
in situ squamous cell carcinoma, which was treated
with local laser ablation. Postsurgically, the throat
symptoms related to the radiographically demon­
strated massive reflux could be controlled only by
the most stringent antireflux measures. One year
later, his larynx remains healthy in appearance,
and he remains on careful follow-up with video­

laryngostroboscopy.
Case 4. A 72-year-old man has been an amateur

singer much of his life, but for many years had been

having problems with postnasal drip, nighttime
heartburn, and irritation of his throat, particularly
in the morning. Over the preceding few years, he
had developed several keratotic lesions in the larynx
that had been removed and had shown only benign
keratosis. Eventually, a microlaryngoscopy and exci­
sional biopsy of a recurrent keratotic lesion showed
a distinct carcinoma in situ. Because of his history
of reflux, a barium swallow study was obtained that
showed a moderately large sliding hiatus hernia
with reflux. The carcinoma in situ was controlled
with carbon dioxide laser excision, and his symp­
toms are controlled with antireflux measures. Regu­
lar follow-up for 2 years has shown no suggestion of
recurrence.

Case 5. A woman 28 years of age had been com­

plaining of throat clearing and postnasal discharge
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Stopped > 9 Years
Age Never Smoked Before Diagnosis
<50 4 1

50-59 2 5
60-69 6 15
70-79 6 11
80-89 3 12

Total 21 44

for 4 years that was bothering her first thing in the
morning and was associated with globus sensation.
Her health generally had been good, and she had
been moderately vocally active in gymnastics coach­
ing and looking after her three children. She had
never smoked, and no one else in the family was a

smoker.

Laryngologic examination showed a reddish gran­
ular lesion along the full length of the superior sur­

face of the right vocal cord and a smaller but simi­

lar-appearing lesion on the superior surface of the
left vocal cord. Microlaryngoscopy and biopsy re­

vealed these to be squamous cell carcinomata in

situ, and they were removed totally with the C02
laser.

Gastroesophageal reflux was confirmed on bari­
um swallow study. Her symptoms have been allevi­
ated with antireflux measures, and at regular fol­
low-up videolaryngoscopy and stroboscopy there is
no suggestion of recurrence.

Comment. These five patients all came for treat­
ment in the early and middle 1980s. Since the au­

thor had participated in the study of all laryngeal
carcinomas presenting to the Cancer Control Agen­
cy of British Columbia between 1970 and 1980, it
was decided to review patients from that series who
were nonsmokers in an attempt to determine
whether or not gastroesophageal reflux disease may
have been a concomitant feature.

MATERIALS AND METHODS

The clinical records of 458 patients were re­

viewed. As shown in Table 1, 21 patients, or 4.6%,
had been recorded as never having smoked, while
44 were noted to have stopped smoking more than 9

years previously. It was decided to look closely at the
records of these two groups, ie, the "never smoked"
group and the "stopped smokers" group, to deter­
mine whether or not there might be any evidence of
chronic gastroesophageal reflux disease.

Criteria for arriving at a presumptive reflux diag­
nosis are as follows. A definitive diagnosis required a

radiographic, manometric, or esophagoscopic proof
that gastroesophageal reflux was present. A probable
reflux diagnosis was made if the patient was being
treated for this condition, such as with bed eleva­
tion, antacids, or cimetidine. A possible reflux diag­
nosis was entertained when the symptoms strongly
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TABLE 3. TUMOR LOCATION IN GLOTTIS TABLE 4. REFLUX DIAGNOSIS

Location Never Smoked
Stopped > 9 Years
Before Diagnosis

Anterior
Middle
Posterior
Full

17
13

3
11

5
8
2

6

suggested that reflux was present. As discussed in
the case presentations, these symptoms include glo­
bus sensation, postnasal drip, habitual throat clear­

ing, acid taste in the throat, symptoms worse in the

morning, nighttime coughing or choking spells, and
heartburn or postprandial indigestion.

RESULTS

The ages of the two groups are shown in Table 2.
Those developing glottic cancer who had never

smoked were a slightly younger group, but the dif­
ference was not statistically significant.

The sex difference is, however, statistically signif­
icant (p = .001). All 44 of those patients developing
glottic cancer who had been previous smokers were

men, and of the never-smoked group, 15 were men

and six women.

It is recognized in the literature! that laryngeal
disease of a benign nature secondary to chronic

gastroesophageal reflux usually affects the posterior
glottis. This includes such things as contact ulcers,
granulomata, and posterior glottic stenosis. It was

interesting to note that in our five cases of glottic
carcinoma that may have been reflux-induced, all
of the tumors were at the middle of the cord or in
the anterior commissure. Review of the 65 Cancer

Agency patients confirms the pattern, in that the

majority of tumors are in the middle of the cord or

anterior, as is shown in Table 3. There was a slight
preponderance of bilateral disease (five patients) as

compared to unilateral disease (16 patients) in the

group that had never smoked; in the group that had
quit smoking 9 or more years earlier, seven had bi­
lateral disease and 37 had unilateral disease.

Reflux Diagnosis. It is somewhat dangerous to go
back to a.series of charts of patients with glottic can­

cer and try to deduce from them whether or not the

patient was suffering the effects of chronic gastro­
esophageal reflux. On the other hand, in a number
of these patients, the reflux diagnosis was very clear.
Results of this detective work are shown in Table 4.
In those patients who had never smoked, reflux di­

agnosis was possible, probable, or definite in ten for
an incidence of 47.6%, while in the stopped-smok­
ing group there were seven, or 16 %, possible diag­
noses of reflux. This difference is statistically signifi­
cant (p = .016). If we include only those patients
with a probable or definite diagnosis of gastro­
esophageal reflux, seven of 21 of the nonsmokers
had reflux compared to three of 44 of patients who

Never Smoked
Stopped > 9 Years
Before Diagnosis

Definite
Probable
Possible
Absent

Total

p= .016.

3
4
3

11

21

2

1
4

37

44

had stopped smoking more than 9 years previously.
This difference is also significant (p = .016).

DISCUSSION

Every author who writes about the cause of can­

cer of the larynx highlights cigarette smoking as the

prime cause. Cann et al" recently have done an ex­

haustive review of this issue and combined the find­

ings of 122 studies of epidemiology of squamous cell
cancer in the head and neck. In addition to smok­

ing, they discuss the well-known apparent syner­
gism 'between tobacco and alcohol, but it is widely
recognized that this interrelationship is not as

strong with glottic cancer as with supraglottic tu­

mors. It should be noted that the five patients in the

present study were all very light alcohol users or

abstainers.

In this review of laryngeal cancer patients, we

compared lifetime nonsmokers with those patients
who had stopped smoking 10 or more years prior to

diagnosis. Wynder and Stellman" have shown that

age- and race-adjusted relative risk of laryngeal
cancer in men decreased from 14.3 %, relative to

nonsmokers, to 2.5 % at 16 years after quitting
smoking. Using this group of stopped smokers to

compare to the nonsmoking group gave a popula­
tion of roughly comparable size and also provided
patients that would not be having other tobacco­
related symptoms. But it did remain our contention
that the previous cigarette smoking, which in many
patients was quite heavy, still was related to the
onset of their laryngeal cancer, as suggested by the
above statistic. In addition, other possible occupa­
tional exposures such as contact with asbestos or

leather working, nickel refining, or textile fiber pro­
cessing that have been variably implicated in the
literature were not present in any of these patients.

I have not been able to find any previous reports or

references to suggest that chronic gastroesophageal
reflux might be a causative factor in development of

glottic carcinoma. I also do not blithely claim that
the glottic cancers that developed in the five non­

smoking patients were caused by their proven gas­
troesophageal reflux disease, but this association is

very difficult to ignore. The fact that a known or

highly likely diagnosis of reflux was statistically
more prevalent among lifetime nonsmokers with

glottic cancer than among a group that had smoked

previously also lends circumstantial evidence. As

otolaryngologists become more aware of the effects
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of reflux on the larynx, I suspect other reports such original question. This will, of course, beg the ques-
as this will appear and perhaps help to answer our tion of pathogenesis.

ACKNOWLEDGMENTS - The author thanks the Cancer Control Agency of British Columbia for assistance in record review and Dr Albino Flores for

help and advice.

REFERENCES

2. Cann CI, Fried MP, Rothman PH. Epidemiology of squa-

mous cell cancer of the head and neck. Otolaryngol Clin North
Am 1985;18:367-88.

3. WynderEL, Stellman SD. Comparative epidemiology of
tobacco-related cancers. Cancer Res 1977;37:4608-22.

1. Olsen NR. The problem of gastroesophageal reflux.

Otolaryngol Clin North Am 1986;20:119-33.



CONSERVATION LARYNGECTOMY

GUI-YI Tu, MD

BEIJING, PEOPLE'S REPUBLIC OF CHINA

During the past 10 years in China, there has been an increasing trend toward conservation laryngectomy for laryngeal cancer. Repair
at the Cancer Hospital in Beijing has been made by using an osteomuscular flap fashioned from hyoid bone and strap muscles. This flap
can be used in cases of three-fourths resection and in cases following extended vertical laryngectomy for T3 disease. The 5-year cure rate in

this series of 123 patients is 78 % .

KEY WORDS - conservation laryngectomy, osteomuscular flap.

A major goal of ablative cancer surgery today is
maintenance or a meaningful quality of life. The
idea of conservation surgery that permits the laryn­
geal cancer patient to retain the functions of breath­

ing, phonation, and swallowing is not new. Shortly
after Billroth had introduced total laryngectomy,

I

he worked on developing partial laryngectomy. 1

The technique evolved slowly during this century
until now the rationale for conservation procedures
is soundly based anatomically, histologically, and
clinically. Laryngeal surgery has come into a new

era in which the proportion of laryngeal patients
treated conservatively is a measure of the quality of
an oncology service. In the Cancer Hospital of the
Chinese Academy of Medical Sciences, the percen­
tage of conservation laryngectomies has risen from
10 % in the 1950s to 57 % in recent years.

METHODS

Between 1958 and 1981, 123 patients were

treated with conservation surgery, 79 for supraglot­
tic cancer and 44 for glottic cancer. The age of the

patients ranged from 22 to 72 years. Seventy-one
patients were men and 52 were women, and all had
squamous cell carcinoma.

For cases of supraglottic cancer with vocal cord
involvement (T2) and fixed arytenoid cartilage
(T3) , we performed a three-fourths resection or

partial laryngectomy (Table 1), originally described
by Ogura and Dedo.? After removing tumor-bear­
ing tissue,only one vocal cord (or part of one) and a

single arytenoid cartilage remained. In these cases

we used the hyoid bone and strap muscle for recon­

struction, as will be described. For bilateral vocal
cord lesions without much supraglottic and subglot­
tic extension, we performed a horizontal glottal
resection. Ventricular mucosa was anastomosed to

tracheal mucosa. For T3 glottic lesions in which the
vocal ,cord was fixed, an extended vertical partial
laryngectomy that included the cricoarytenoid ar­

ticulation and a part of the cricoid rostrum was per-

formed. The defect may also be repaired with an os­

teomuscular flap.
Osteomuscular Flap. Building on the work of

earlier surgeons who repaired the laryngeal surgical
defect with a piece of thyroid cartilage and used a

segment of thyroid cartilage to fill the gap remain­

ing after arytenoid cartilage removal," we devel­

oped a technique using a piece of hyoid bone and a

strip of thyrohyoid muscle to repair the resected
half of the laryngeal cavity (Fig 1). The osteomus-

TABLE 1. TREATMENT OF LARYNGEAL CANCER

Site oj
Carcinoma Staging Treatment

Supraglottic
area

Tl Supraglottic laryngectomy (horizon­
tal)

T2 Partial laryngectomy (vertical), three­
fourths laryngectomy (horizontal-ver­
tical)

Supraglottic laryngectomy (horizon­
tal) for preepiglottic space invasion,
three-fourths laryngectomy for aryte­
noid fixation

Supraglottic laryngectomy (horizon­
tal) for pharyngoepiglottic fold inva­
sion or involvement of medial wall of
pyriform sinus, three-fourths resec­

tion with one-sided glottic invasion,
or total laryngectomy

T3

T4

Glottis Tl

T2

Irradiation or cordectomy
Partial laryngectomy (vertical) or

frontolateral laryngectomy, glottal
resection (horizontal) for bilateral vo­

cal cord lesions

Extended partial laryngectomy (verti­
cal) including excision of arytenoid
cartilage and cricoarytenoid articula­
tion, or total laryngectomy
Total laryngectomy
"Wait and see" for glottic cases, elec­
tive ipsilateral upper neck dissection
for supraglottic cases

Radical neck dissection

Radical neck dissection

Preoperative irradiation and radical
neck dissection

T3

Neck

T4

NO

Nl

N2

N3

From the Cancer Hospital, Chinese Academy of Medical Sciences, Beijing, People's Republic of China.
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Fig 1. Technique of creating osteomuscular flap. A) Segment of hyoid bone is incised and left attached to thyrohyoid muscle. B)
Lateral view of flap in defect. C) Superior view of flap in defect. D) Completed repair of glottis with hypopharyngeal mucous mem­

brane.

cular flap is turned into the laryngeal cavity (Fig 2)
at a right angle. The hyoid bone is fixed at the site
where the arytenoid cartilage was removed. The
hypopharyngeal mucosa is then advanced to cover

the superior raw surface of the flap. The underlying
raw surface facing the trachea is left to heal by sec­

ondary intention.

DISCUSSION

Over the past hundred years the practice of radi­
cal surgery for the majority of laryngeal cancers has
changed. Today the emphasis is on individual as­

sessment and conservation of function within the
context of radical surgery. Whole organs are not

routinely resected. The survival rates in this series

strongly support the concept of conservation laryn­
gectomy, even for late-stage disease (Tables 2 and

3).

The popularity of conservation laryngectomy has
brought the problem of reconstruction to the fore­

ground. When the surgeon is able to reconstruct a

partial larynx, the approach is wide resection. The
osteomuscular flap is versatile and useful in this sit­
uation.

Controversy remains with respect to manage­
ment of neck nodes especially when the cancer is NO
with potential microscopic metastatic foci. Because
of the high incidence of neck metastases in supra­
glottic cancer, some surgeons advocate an elective

Fig 2. A) Lateral radiograph of larynx shows supraglottic lesion; a) corresponding line drawing. B) Lateral radiograph of larynx
shows repair with hyoid osteomuscular flap; b) corresponding line drawing. C) Anterior-posterior tomogram of larynx shows repair
with right hyoid osteomuscular flap; c) corresponding line drawing.



TABLE 2. FIVE-YEAR SURVIVAL OF PATIENTS

Tu, Conservation Laryngectomy

TABLE 3. METHODS OF TREATMENT AND PATIENTS
SURVIVING 5 YEARS OR LONGER

176

Disease/Treatment

Supraglottic carcinoma

Partial laryngectomy (vertical)
Supraglottic laryngectomy (horizontal)
Three- fourths laryngectomy
Supraglottic laryngectomy (horizontal)

or three-fourths laryngectomy plus RND

(NO, Nl)
Supraglottic laryngectomy plus RND (N2, N3)

Total

Glottic carcinoma

Cordectomy
Partial laryngectomy (vertical)
Glottic laryngectomy (horizontal)
Extended laryngectomy (vertical) including

RND in 2 cases

Total
RND - radical neck dissection.

Surviving
Patients
No. %

3 75
33 87

7 88

13 54
1 20

57 72

4 100
18 95

1 100

16 80

39 89

neck dissection for NO cases. In this series we

adopted a "wait and see" policy for glottic cases.

Surviving Patients

Methods

Stage Stage Stage Stage
I II III IV Total

No. % No. % No. % No. % No. %

Surgery alone 14 100
Radiation and surgery 5 83

Surgery and radiation - -

Radiation alone 6 100

8 100 8 73 2 50 32 86

9 100 14 88 23 62 51 75

1 50 4 100 a a 5 71

2 67 a a 8 73

Totals 25 96 20 91 26 79 25 60 96 78

For supraglottic carcinoma an elective upper neck
dissection is done at the time of the primary opera­
tion. Radical neck dissection is required if the node
is positive.

Since the 1940s, surgery has been playing an in­

creasing role in the management of cancer; resec­

tion of the whole organ, when invaded by cancer,
was the method of choice. Today the extent and
nature of cancer surgery is determined individually,
and surgeons routinely leave adequate tissue for

repair and restoration of organ function.
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ROUTINE BRONCHOSCOPY AND BRONCHIAL CYTOLOGY
FOR DETECTION OF OCCULT PULMONARY CANCERS

IN PATIENTS WITH SQUAMOUS CARCINOMA
OF THE UPPER AERODIGESTIVE TRACT
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Patients with squamous cell carcinoma of the upper aerodigestive tract are at high risk of developing synchronous and metachronous
second primary neoplasms. Controversy exists as to the usefulness of bronchoscopy and bronchial cytology at time of staging endoscopy for
the detection of synchronous pulmonary malignancies. A prospective study of 103 high risk patients with documented squamous carcinoma
of the primary upper aerodigestive tract was undertaken to determine the effectiveness of routine bronchial cytology in detecting occult
pulmonary cancers. The incidence of false-positive cytologies (7.8 %) in this prospective study is higher than the reported in prior studies
(3.8 %) and suggests that routine bronchial washings are of limited usefulness because of low sensitivity (25 %) and a high rate of false
positives among all positives (80 % ) .

KEY WORDS - bronchogenic carcinoma, bronchoscopy, head and neck neoplasms.

INTRODUCTION

Patients with squamous cell carcinoma of the up­
per aerodigestive tract are at high risk for develop­
ing synchronous (4 % to 14 %) and metachronous
(12% to 19%) second primary malignancies.':" A

synchronous lesion is defined as a second primary
lesion within 6 months of the original primary can­

cer, and a metachronous lesion is defined as one

found anytime after 6 months. Primary broncho­
genic carcinoma is the most common non-head and
neck second primary malignancy associated with

primary head and neck squamous carcinoma. These
observations have prompted a number of surgeons
to perform routine bronchoscopy and bronchial
washings as screening measures to detect occult
lung malignancies in patients with head and neck

squamous cell cancer. Despite a number of prior
studies of bronchoscopy in patients with head and
neck squamous cell cancer,

4-7 the effectiveness and
reliability of bronchial cytology for detecting occult
synchronous lung malignancy remains unclear.

Six prior studies have reported varying rates of
false-positive bronchial cytologies (Table 1).6-11
False-positive bronchial washings were defined as

cytologically malignant cells present in the bron­
chial cytology specimens of patients with head and
neck cancer with no evidence of pulmonary malig­
nancy at time of endoscopy or during close follow­
up. In these studies, the incidence of false-positive
bronchial washings ranged from 0 % to 12 % using
flexible and/or rigid endoscopy. The presence of
false-positive bronchial cytology has been attributed

to contamination of exfoliated malignant cells from
the primary upper aerodigestive tract tumor.

Studies by Garfinkle et alII and Denneny and
Weisman'? reported that contamination of bron­
chial washings from more proximal desquamated
neoplastic cells in patients with aerodigestive tract

cancers occurred in up to 12 % of their cases. This
occurrence was especially evident when the bron­

choscope was passed beside the endotracheal tube.
Other studies suggested that bronchial washing con­

tamination giving false-positive cytology was an

unusual event. 6,8,9

To help resolve this controversy, a prospective
study was undertaken in 103 patients with head and
neck squamous carcinoma to determine the clinical
usefulness and accuracy of bronchial cytology in de­

tecting synchronous occult pulmonary malignancies.
Rates of true- and false-positive bronchial cytology
were determined by subsequent patient evaluation
and follow-up. The relationship of false-positive
rates to primary tumor site and extent also was

analyzed.

METHODS

One hundred three consecutive patients with
primary squamous cell carcinoma of the upper
aerodigestive tract were studied in a prospective
fashion (Table 2). Efforts to detect synchronous
pulmonary lesions at the time of primary tumor

staging included a preoperative chest x-ray film, en­

doscopy, and bronchial washings on all patients.
From the Departments of Otolaryngology-Head and Neck Surgery (Hom, Wolf, Krause) and Pathology (Beals), University of Michigan and Veterans
Administration Medical Center, Ann Arbor.
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TABLE 1. INCIDENCE OF FALSE-POSITIVE

BRONCHIAL WASHINGS

% False Type oj
Study_ N Positives Bronchoscope
Dellon et alB 18 0.0 Flexible

Johnson et al" 100 1.0 Rigid
Leipzig et al ' 275 2.2 Rigid and flexible

Leipzig" 98 3.1 Rigid and flexible

Denneny and Weisman'? 65 3.1 Flexible
Garfinkle et al' 1 107 12.1 Flexible

Total 663 Mean 3.8

Bronchoscopy and bronchial washings were per­
formed under general anesthesia using a rigid venti­

lating bronchoscope. Five milliliters of normal sa­

line was instilled in each main stem bronchus, and
the specimens from each side were collected in sepa­
rate Leukens trap containers. Each container was

labeled individually for cytologic analysis. In pro­
cessing the specimens, standard cytologic tech­
niques were followed. Four slides were prepared
from each specimen by smearing the collected fluid
onto frosted glass microscopic slides. Slides then
were fixed in 95 % ethanol and subsequently stained
for the Papanicolaou test. Smears were screened
thoroughly by a cytopathologist. The cytologic find­
ings were classified as either negative for malignant
cells, atypical (abnormal benign cells present), suspi­
cious (cells with malignant cytologic features pres­
ent but definite diagnosis of malignancy not made),
or positive (malignant cells definitely identified).

Each patient was followed for a minimum of 6
months (except for those patients who expired with­
in 6 months) to determine if a synchronous pulmo­
nary malignancy appeared (follow-up range, 3
months to 8 years 4 months). Retrospectively, all
positive bronchial washings were reviewed again in
a blinded fashion by the pathologist (T.F.B.) to de­
termine if the source of tumor cells could be distin­

guished cytologically as upper versus lower airway.

RESULTS

Of the 103 high risk patients with documented
primary upper aerodigestive tract neoplasms, ten

had bronchial washings that were either strongly
suspicious or positive for malignancy (Table 3).
Eight of-these ten patients had no evidence of pul­
monary malignancy at the time of endoscopy or

during close follow-up (mean, 1 year; range, 3

TABLE 2. STUDY POPULATION BY CANCER
STAGE AND SITE

Site Tl T2 T3 T4 Tx Total
Oral cavity 1 7 7 2 17
Oral pharynx 8 11 13 2 34

Hypopharynx 4 5 2 1 12

Larynx 8 10 7 8 33

Esophagus 1 2 3

Nasopharynx 1
Unknown primary 3 3

Total 22 34 31 13 3 103

TABLE 3. NUMBER OF PATIENTS BY CYTOLOGY
RESULTS AND PRIMARY TUMOR CLASSIFICATION

No.
Class· Pts Normal Aty_pkal Sus'[!.icious Positive

Tl 22 19 2 1
T2 34 24 5 2 3
T3 31 22 6 2
T4 13 9 3
Tx 3 3

Total 103 77 16 4 6

months to 2 years 10 months). Two of these eight
patients expired at 3 and 4 months postendoscopy
from non-tumor-related causes with no evidence of
pulmonary carcinoma.

Of the ten patients with suspicious or positive
bronchial washings, only two were found to have
bronchogenic carcinoma (true positives). The bron­
chial cytology of one of these patients was classified
as suspicious, while the other patient's cytology was

classified as positive. In both of these patients, a

lung lesion also was evident on the chest x-ray film
at the time of endoscopy.

In the remaining 93 patients with negative bron­
chial cytologies (follow-up range, 3 months to 8

years 4 months), six developed pulmonary malig­
nancies within 3 months and in one, bronchogenic
carcinoma was detected within 14 months. Occult
pulmonary cancer was not detected by bronchial
washings in any patients with normal chest x-ray re­

sults. Thus, of the eight patients who had synchro­
nous lung malignancies, only two had positive bron­
chial washings, and both of these patients had ab­
normal chest x-ray results at the time of endoscopy.
Once a chest x-ray film suggested a malignant pul­
monary process, a tissue diagnosis was established
by needle biopsy or bronchial biopsy.

The primary tumor site most frequently associ­
ated with false-positive bronchial cytology was the

hypopharynx (17%), followed by the larynx (12%).
False-positive bronchial cytology occurred with
both large and small tumors, with no apparent asso­

ciation with tumor size (Table 4).

Bronchial washing sensitivity as a screen for bron­
chial carcinoma was only 25 % , with a specificity of
92 % . The false-positive detection rate (rate of false

'positives among all positives) was high (80 %).
Thus, the incidence of false-positive bronchial
washings was four times greater than that of true­

positive (Table 5) .

TABLE 4. NUMBER OF PATIENTS WITH FALSE-POSITIVE
BRONCHIAL CYTOLOGY ACCORDING TO PRIMARY

TUMOR SITE AND T CLASSIFICATION

No.
Site Pts

Oral cavity 17
Oral pharynx 34

Hypopharynx 12

Larynx 33

Tl T2 T3 T4 Total (%)

2

o ( 0)
2 (6)
2 (17)
4 (12)
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TABLE 5. CLINICAL RESULTS OF BRONCHIAL

CYTOLOGY SPECIMENS

Clinical Result
Bronchial
Cytology

No.
Pts

Positive jor
Lung Neoplasm

Negative jor
Lung Neoplasm

Positive

Negative
Total

10
93

103

2 (True + )
6 (False-)
8

8 (False + )
87 (True-)
95

To determine if the source of positive cells (upper
versus lower airway) in bronchial washings could
be distinguished cytologically, all positive cytolo­
gies were reevaluated by the pathologist (T.F.B.) in
a blinded retrospective fashion. In neither the origi­
nal nor rereviewed cytologic specimens was it possi­
ble to determine whether the malignant cells were

from the lower versus the upper airway. Thus, false
positives could not be distinguished from true posi­
tives on the basis of the cytomorphology of the ma­

lignant cells.

DISCUSSION

A major finding in this study was the high rate of
false-positive bronchial washings in patients with
primary head and neck cancers. These findings con­

firm and extend similar results by other investiga­
tors6.7.9-11 and suggest that bronchial washings are

not useful in screening for synchronous lung cancer

in this patient population. The fact that the inci­
dence of false-positive cytologies in this prospective
study (7.8 %) was higher than that reported in sev­

eral prior studies":" may be due to several causes.

Rigid endoscopy was used exclusively in this study,
and the majority of prior studies included flexible
endoscopy. The use of a rigid endoscope may make
contamination of bronchial washings more likely.
However, in the study by Johnson et al" in which
the rigid endoscope was used exclusively, the in­
cidence of false-positive bronchial washings was

low (1 %).

Passing the bronchoscope along the side of the en­

dotracheal tube may encourage shedding of tumor

cells more distally. This possibility is supported by
past studies'"" that have indicated that bronchial
washings can be contaminated with exfoliated ma­

lignant cells from upper aerodigestive tract cancers.

Garfinkle et al" demonstrated that the risk of false­
positive bronchial cytology increased more than
300 % when a flexible bronchoscope was passed ad­
j acent to an endotracheal tube rather than through
it. Denneny and Weisman.'? also found that when
the outside of an endotracheal tube from a patient
with an upper airway carcinoma is washed, 15 of 67
cytology specimens were suggestive or positive for
malignancy. Other means by which contamination
of bronchial washings theoretically could occur in­
clude spontaneous tumor cell shedding by the pa­
tient or contamination by positive pressure ventila­
tion techniques during general anesthesia induc­
tion. It is well recognized that epithelial cells from
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the upper airways often are found in bronchial
washings. It is also known that bronchial washings
are less sensitive than sputum cytologies in detecting
occult bronchogenic carcinoma. 12

This study included a large number of hypopha­
ryngeal and laryngeal lesions, giving a high proba­
bility of endoscopic instrumentation. In five prior
studies,6,7.9-11 15 of 25 false-positive bronchial cytolo­
gies (60 % ) were from patients with primary tumors

arising from laryngeal or hypopharyngeal sites. In
our study, six of eight patients with false-positive
bronchial cytologies (75 %) had primary tumors at

laryngeal or hypopharyngeal sites. In the study by
Johnson et al," however, in which almost 50% of
the lesions were laryngeal, a high incidence of false

positives was not observed.

The cytopathologic interpretation and classifica­
tion of bronchial washings may vary among differ­
ent institutions and pathologists. It is important to

note that the diagnostic threshold criteria are differ­
ent for squamous cell carcinomas of the upper and
lower airways. For upper airway squamous cell car­

cinomas, a diagnosis of malignancy is made on more

stringent cytologic criteria than for lower airway
cancers. Severe atypia not related to malignancy is
seen more commonly in the upper airway from be­

nign chronic inflammatory processes. In analyzing
lower airway cytologies, severe squamous atypia is
a less frequent observation and is more likely to be
associated with neoplasia. Thus, the cytologic inter­

pretation of cellular atypia without knowing the
source of the cells (upper versus lower airway) can

be difficult. This factor is especially important when

performing routine bronchial washings in high risk

populations who have a high incidence of long- term

smoking and alcohol usage that may cause atypical
changes in the upper and lower aerodigestive tract.

Because of differences in interpretation of cytologic
thresholds, the incidence of false-positive bronchial
washings may differ by institution. In this study,
over 95 % of the patients were long-term smokers
and at least moderate users of alcohol.

The effectiveness of bronchial washings in detect­
ing pulmonary malignancies was lower in this study
than in previous reports. Dellon et al" demonstrated
that among 17 patients with known simultaneous
bronchogenic carcinoma who underwent flexible
endoscopy, 14 patients (82%) had tumor cells in
their bronchial washings. This may have been due,
in part, to the use of flexible endoscopy in obtaining
the bronchial washings, since flexible endoscopy
may be more sensitive in detecting peripheral lung
lesions than is rigid bronchoscopy. Furthermore, in
that study bronchial washings were obtained when
a known pulmonary malignancy concurrently ex­

isted (simultaneous primary lesion). In our prospec­
tive study, it would be unlikely that bronchial
washings could detect lung cancer developing more

than 6 months postendoscopy.
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In this study, no occult endobronchial malignan­

cies were detected by bronchoscopy when the chest

x-ray results were normal; however, this study can­

not address specifically the usefulness of routine

bronchoscopy alone in patients with head and neck
cancer. In one retrospective study, Maisel and
Verrneersch" reported that the preoperative chest

x-ray study was more useful than bronchoscopy for

detecting occult pulmonary malignancies in pa­
tients with head and neck cancer. In their study, 17
of 449 patients had synchronous lung primary le­
sions, and all 17 had abnormal chest x-ray results.
Their study suggested that bronchoscopy should not

be included in routine diagnostic measures in head
and neck cancer patients who have normal chest
x-ray results. Nevertheless, two separate prospective
studies advocate routine bronchoscopy for screening
patients with head and neck cancer, since a 1 % to

3 % incidence was found of unsuspected synchro­
nous pulmonary tumors that were not evident on

chest x-ray Films.":" Our findings do not support the
use of routine bronchoscopy or bronchial washings

I

in patients with normal chest x-ray results. Bron­

choscopy continues to be indicated in the evaluation
of subglottic tumor extension in selected laryngeal
cancers; however, bronchial washings are not effec­
tive in screening such patients for occult hmg can-

cers. If screening in addition to a routine chest x-ray
study is warranted, computed tomography of the
chest may be more accurate than and as cost­
effective as bronchoscopy and bronchial washing.

CONCLUSION

Routine bronchial cytology was of limited useful­
ness for detecting synchronous pulmonary malig­
nancies in patients with squamous carcinoma of the
upper aerodigestive tract. Despite careful rigid
bronchoscopic technique, contamination of bron­
chial washings with exfoliated cells from upper air­

way cancers apparently does occur, resulting in a

high rate of false-positive bronchial cytologies.
The primary tumor sites most often associated

with false-positive bronchial cytology were the lar­
ynx and hypopharynx. The size of the primary tu­
mor did not appear to be a factor contributing to

false-positive bronchial washings. True-positive
bronchial cytology was rare, and simultaneous oc­

cult pulmonary lesions in patients with head and
neck cancer usually can be detected by a preopera­
tive chest x-ray study. Occult synchronous pulmo­
nary cancer in this study was never detected by
bronchial washings in patients with normal chest
x-ray results.
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LASER SURGICAL TREATMENT OF CHRONIC TONSILLITIS

GEZA J. JAKO, MD

BOSTON, MASSACHUSETTS

This preliminary report describes a pilot study for a potential alternative for treatment and prevention of chronic tonsillitis and its
associated sequelae. Less radical than conventional removal, carbon dioxide laser microsurgery appears to restore normal tonsillar function
and is almost free of complications. The anterior tonsillar pillar is removed, blocked crypts are drilled open, and new crypts are created
with the C02 laser beam. Postoperatively, the patients had less pain than they would have had with tonsillectomy, and no hemorrhages
necessitating intervention occurred. All the patients experienced lasting cures during the follow-up period. Although only adult patients
were treated, the treatment potentially could be used in the pediatric group.

'

KEY WORDS - chronic tonsillitis, laser surgery.

INTRODUCTION

Acute and chronic pharyngitis and tonsillitis are

frequent illnesses, necessitating over 40 million pa­
tient visits per year in the United States. 1 In those
patients who still have their tonsils, acute and
chronic tonsillar disease accounts for a considerable
number of these visits. 2

In the preantibiotic era, prophylactic tonsillec­
tomy became an accepted modality to avoid or pre­
vent numerous secondary diseases that were attri­
buted to acute and chronic diseases of the tonsils. By
the 1950s, over 1 million tonsillectomies were per­
formed annually in the United States," and several
million were performed worldwide. Since the
mid-1970s, new pharmacologic options and scien­
tific knowledge regarding infectious diseases, im­

munology, and epidemiology have led to more con­

servative treatment of tonsillar disease. In many in­

stances, medical treatment has replaced the radical
surgical procedure, ie, removal of the tonsils.

It generally is accepted that recurrent acute in­
flammation caused by bacteria, viruses, or both can

lead to the irreversible changes causing chronic ton­
sillitis. A considerable portion of these irreversible
changes now can be prevented by the early adminis­
tration of antibiotics. In some cases, however, the
pathologic bacteria are resistant to the antibiotics,
or local antibiotic concentrations are inadequate.
In these cases, irreversible changes may develop,
leading to chronic tonsillitis.

RATIONALE FOR CONSERVATIVE TREATMENT

In the past two decades, an increasing number of
authors have investigated the tonsils and have
found that they may have several important func­
tions. It was shown that the epithelium of the nor­

mal crypt is suitable for antigen uptake." Antoni
and Staub state, "There is no doubt that the tonsils
play an important role in both the local control of

antigen invasion and the development of the sys­
temic immune response by supplying first hand im­

munologic information for the immune apparat­
US."5(pI61) They also found that a subpopulation of
tonsillar lymphocytes produces lysozyme. Based on

their studies, Yamanaka et al" concluded that the
tonsil has a dual role as both an immune organ and
an infectious organ.

CHRONIC TONSILLITIS

When the delicate balance between the dual
function of the tonsil as an immunologic antigen
provider and infectious organ shifts toward the in­
fectious side,' and this cannot be rebalanced by
medical treatment, irreversible changes can result
that can lead to chronic tonsillitis.

The signs and symptoms of these changes, as well
as the histopathologic features, are well known to

laryngologists and have been described by many.
7.8

The changes are caused by the long-lasting irrever­
sible dysfunction of the cryptal epithelium. In most

cases, the cryptal flow is damaged and disturbed by
mechanical blockage" (Fig 1). According to Osborn
and Hoydhouse.!" these obstructions can develop if

early, adequate, and effective antibiotic treatment
is not administered. It long has been observed that
buried (submerged) or retracted tonsils in adults
more frequently cause local symptoms and second­
ary ailments.1l-13 These tonsils are generally small
and appear even smaller since the anterior pillar ob­
structs their view. In this case, the muscles of the
anterior and posterior pillars can form a constrict­

ing muscular ring, and pressure by this ring can

squeeze crypt material inward rather than outward
(Fig 2A,B).

In my observations in children with large hyper­
trophied tonsils, the contour of the anterior pillar
appears to be concave. In adults with submerged
tonsils, the anterior pillar appears to be straight

From the Department of Otolaryngology, Boston University School of Medicine.
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containing infected material are formed. With ag­
ing, the number of crypts usually decreases some­

times to as few as one, and multiple infected cysts
can form 15 (Fig 3) .

The large hypertrophied tonsils found in children
undergo an involution and may even sink laterally
deeper into the tonsillar fossa, causing the concave­

appearing and stretched anterior pillar to become
straighter and bulkier. The upper pole of the tonsil
frequently is covered by the supratonsillar (semi­
lunar) plica, which blocks the four to six crypts that
normally would empty into the throat directly. The

triangular plica, which contains lymphoid elements
and glands, can swell or change position and block
crypts at the lower pole.

1

B

Fig 1. Tonsillar crypts. A) Full thickness squamous epithe­
lium of normal crypt. B) Diseased crypt. 1 - obstructing
cryptal valve, 2 - cryptal debris. (Modified after Osborn
and Hoydhouse.!")

(Fig 2C,D). It is frequently bulky and obstructs
most of the anterior surface of the tonsil. Others
have observed also that the anterior pillar can be
adherent to the anterior surface of the tonsil, con­

tributing to the blockage of numerous crypts.:" In
this case, the anterior pillar is infected because of
the underlying periodic infection in the blocked
crypts.

CRYPTS

The macroscopic and microscopic anatomy of the
crypts have been studied in subjects of all ages. In
both children and adults, there are about ten to 20

crypts in each tonsil, the number, shapes, and sizes
of which can change during life. Rarely, blocked
crypts may marsupialize to the surface or anas­

tomose with other crypts. More frequently, cysts

A

PS

B

These predisposing anatomic abnormalities may
be a major factor in the pathogenesis of chronic ton­
sillitis. In my personal observations, about three
fourths of the young adult and adult patients hav­
ing symptoms of chronic tonsillitis have the sub­

merged type of tonsils with blocked crypts. Thus, I
felt that a rational treatment of chronic tonsillitis
would be to remove the anterior pillar and reopen

'

the blocked crypts. Based on my previous devel­
opmental work and experience, carbon dioxide la­
ser microsurgery was the obvious answer. 16.17

TECHNIQUE
The patient is placed under general anesthesia

and put in Rose's position. The endotracheal tube is

protected by metal foil. Aluminum foil is wrapped
around the lips and teeth before the mouth gag and
self-retaining tongue depressor are inserted. The
aluminum foil prevents laser injury to the lips or

teeth. The newly developed C02 laser operating
microscope is brought into position (Fig 4A). Color
photographs are taken for documentation. First, a

U-shaped incision is made, starting superiorly from
the uvula to the lateral border of the tonsil, turning
inferiorly, and at the inferior border of the tonsil
turning medially (Fig 4B). Then the upper edge of
the anterior pillar is held with a curved hemostat
and the pillar is peeled bloodlessly off the anterior
surface of the tonsil (Fig 4C). A small front surface

c o

Fig 2. Examples of tonsils. A) Normal or moderately hypertrophied. Crypts are open directly into throat. Muscular contractions of
anterior and posterior pillars facilitate cryptal drainage into throat. B) Submerged. Many of crypt openings are blocked by anterior

pillar, which with plica triangularis (PT), plica semilunaris (PS), and edge of posterior pillars forms constricting muscular ring
(CMR) around submerged tonsil. C) Contour of anterior pillar in children with large hypertrophied tonsils appears concave. D) In
adults with smaller or submerged tonsils, contour of anterior pillar appears straight.
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Fig 3. Tonsillar crypts. A) Dilated and filled with debris, and B) blocked and enlarged, showing cystic appearance.

dental mirror is sometimes helpful to direct the laser
beam at an angle. Superiorly, the plica semilunaris
and, inferiorly, the plica triangularis are removed

by peeling and evaporation. Laterally, the tonsil is
released slightly by pulling the tonsil toward the
midline and separating the capsule from the tissue

of the tonsillar fossa. This cut is made only super­
ficially and stopped above the tonsillar artery. Then
the anterior surface of the tonsil with partially or

totally blocked crypts is inspected under the micro­

scope. A plan is made to drill open the blocked

crypts on the anterior and medial surface of the ton­

sil with a 1.5-mm diameter C02 laser beam. The

purpose is to create new crypts by drilling, mar­

supialize the old crypts, and connect crypts (Fig
4D). Debris or pus is frequently found and can be
cultured and then removed or evaporated.

A

LASER INC I SION

The procedure is done under magnification with
minimal trauma. Forceful pulling of tissues should
be avoided, in which case most of the procedure is

usually bloodless. Small bleeding vessels can be
stopped easily with 6.5-cm2 (1 sq in) epinephrine­
soaked surgical pads and laser coagulation. Larger
arteries could require needle electrocoagulation
with the aid of suction. During laser drilling, care is
taken not to burn tonsillar tissue unnecessarily. This
can be avoided by step-by-step drilling and apply­
ing saline-soaked pads to the drilled area. The plica
triangularis is peeled off, or part of it is evaporated,
and the tonsillar area underneath also is drilled.
Generally, seven to 12 drillings are made, stopping
before the tonsillar capsule. Before proceeding to

the opposite side, all bleeding is controlled. Then
the mouth gag, tongue retractor, and endotracheal

Fig 4. Operative technique. A) Jako carbon dioxide
laser operating microscope. Patient is in Rose's posi­
tion and tonsillar exposure is attained by use of
mouth gag and self-retaining tongue retractor. Alu­
minum foil is used to shield lips and teeth. B) Laser
incision for removal of anterior pillar. C) Anterior

pillar is removed and blocked crypts are visible un­

der microscope. D) Blocked crypts are drilled open
and new crypts are created with C02 laser beam.

B c D
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Fig 5. Anterior pillars. A) Cross section showing laser excision and muscle fibers. B) Removed from 55-year-old woman; shows
pillar's structures with adherent lymphoid tissue.

tube are repositioned, and the procedure is com­

pleted on the other tonsil.

During the operation, care is taken to protect the
endotracheal tube by positioning it toward the
other side. The surrounding tissues are protected by
wet pads and the patient's face by wet towels. The
smoke and vapor have to be aspirated carefully.
The eyes of the operating room personnel are pro­
tected by safety goggles. At the completion of the

procedure, the appearance of the operated tonsils is
documented by color photography (Fig 5). It is esti­
mated that the drilling will remove approximately
10 % of the tonsil mass.

POSTOPERATIVE CARE AND MORBIDITY

The patients generally are kept in the recovery
room for 1 to 2 hours. Depending on their postanes­
thesia condition, they may be discharged in 6 to 8
hours. Postoperative pain depends on the patient's
individual sensitivity and on the degree of surgical
trauma. Some patients require Demerol in the hos­
pital. For others, acetaminophin with codeine is
sufficent, and some patients request no pain medi­
cation. The first postoperative days are generally
considerably less painful than after tonsillectomy.
Diet is similar to the post-tonsillectomy diet. Pa­
tients are seen 1, 3, and 8 weeks postoperatively,

RESULTS

Twenty-seven patients were operated on by the
author. All were unequivocal candidates for tonsil­
lectomy (26 for chronic tonsillitis refractory to med­
ical therapy and one for obstructive symptoms). All

patients had frequent bouts of tonsillitis 2 to 11

years prior to surgery with a feeling of fullness in
the oropharynx or tonsils. Twenty-two patients
were available for evaluation. Twenty patients had
moderate size, submerged type tonsils, and one pa­
tient had a submerged tonsil on one side and a large
hypertrophied tonsil on the opposite side. In this pa­
tient, the described procedure was performed, and

the large hypertrophied tonsil was partially resected
with the laser beam. One 33-year-old man who had

grade 4 + hypertrophied tonsils and requested re­

moval because of heavy snoring had laser resection

(tonsillotomy) and removal of the anterior pillars.
This patient had von Willebrand's disease, and for
this reason, the laser procedure was chosen instead
of tonsillectomy. This patient had postoperative
bleeding, which was controlled with the adminis­
tration of frozen plasma.

Four patients had bad breath (fetor oris) of ton­

sillar origin, which was eliminated with the treat­
ment. There were 18 female and four male patients.
In this group of patients, the youngest patient was

14 and the oldest was 42. Four patients were dis­

charged on the day of surgery, and 18 after an over­

night stay. The patient with von Willebrand's dis­
ease required 3 days of hospitalization. Sixteen pa­
tients took liquid Tylenol for pain from 2 to 6 days
after discharge. One patient noticed a minimal
amount of bloody mucus on the third postoperative
day, but did not notify the physician. The follow­
up of patients ranged from 6 months to 6 years 8
months. At the 8-week postoperative visit, it ap­
peared clinically that the newly drilled crypts were

covered with crypt epithelium and had remained
patent. Eighteen patients had had no, or greatly
diminished frequency of, upper respiratory tract in­
fections. Four patients reported about the same

number of upper respiratory tract infections as

before, but less severe ones. One patient had an

acute follicular tonsillitis 6 months postoperatively
and occasional episodes of sore throat, but the latter
were much less severe than prior to surgery. Eigh­
teen patients had unilateral or bilateral cervical­
tonsillar lymph nodes. All disappeared postopera­
tively. Two patients had acute pharyngitis several
months postoperatively, but no tonsillitis. All pa­
tients reported excellent relief from their chronic
tonsillitis symptoms. One patient who preoperative­
ly had frequent joint pains reported their disappear­
ance after the operation. All patients reported that
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Fig 6. Ultrasonic scan picture demonstrating removed ton­
sil and its internal structure; taken with IO-MHz thyroid
transducer.

their lives changed for the better after the surgery,
and no patients felt that the surgery was not help­
ful.

DISCUSSION

Until now, the definitive treatment of chronic
tonsillitis in adults and children necessitated a

radical surgical procedure, tonsillectomy. Preven­
tive tonsillectomy also was practiced for decades in
this century, reaching close to 2 million operations
yearly in the United States and millions worldwide.
In recent years, the annual number of tonsillecto­
mies greatly decreased, to about 175,000 in adults
and 300,000 in children. 3 This is due to the fact that
tonsillar diseases and their complications frequently
can be prevented by effective and timely antibiotic
therapy. The decreased birthrate, new conservative
treatment philosophies, and the desire of health in­
surance companies to decrease surgical costs also
have contributed to the decline in tonsillectomies.

There is increased awareness of the important
immunobiologic function provided by the tonsils.
The surface area of the normal cryptal epithelium
can be as large as 300 cm

' (600 cm
' for both tonsils).

This large surface for interchange attests to its im­

portant function. In contrast, the pharyngeal mu­

cosal surface is about 60 ern", New scientific infor­
mation also has changed concepts about rheumatic
fever and other diseases previously thought to be

consequences of focal infection. Epidemiologic and
other studies also seem to indicate the increase of
certain diseases in the tonsillectomized patient, such
as Hodgkin's disease in older patients;" prostate
cancer;" and meningococcal meningitis. 20
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On the other hand, irreversibly damaged crypt
function creates local symptoms: sore throat, fetor
oris;" enlarged cervical lymph nodes, and a feeling
of fullness in the tonsils. Focal tonsillar disease is
associated with decreased immunoglobulins and
secondary diseases such as glomerulonephritis, arth­
ritis, pustulosis palmaris;" and other diseases.
Markedly increased pathologic bacterial counts
have been found in chronically diseased tonsils. 23

Pathogenic, aerobic and anaerobic antibiotic-resis­
tant bacteria are commonly isolated from tonsils. 24

Bacteria and bacterial toxins can enter the lymphat­
ic system, causing enlargement of the tonsillar (sub­
tonsillar) lymph node. In a study by Sasaki and
KOSS,23 80 % of patients with chronic tonsillitis were

found to have cervical adenopathy. Direct spread of
bacteria into the blood also can take place. This
may lead to a new realization of the importance of
the chronically infected tonsil. This is especially
relevant in light of the expected increase in the inci­
dence of chronic tonsillitis now that fewer tonsillec­
tomies are performed in childhood.

The present work was directed to young adult
and adult patients. The rationale of the operation
and the satisfactory results in adults make the exten­
sion of this treatment into certain childhood groups
feasible. Partial resection of a large obstructive ton­
sil by laser aided by electrosurgery, and the removal
of the anterior pillar and creation of new crypts by
laser drillings, appears to be practical.

It is conceivable that this less traumatic, recon­

structive treatment will spur more research activity
in the pathomechanism of chronic tonsillitis. Future

histologic studies, both experimental and clinical,
need to be performed. for us to better understand
crypt formation by laser drilling. One also can fore­
see, with new biotechnologic developments, the po­
tential utilization of the tonsillar lymphocytes for
new diagnostic studies of tonsillar diseases and oth­
er benign and malignant diseases. Ultrasonic tech­
niques potentially may be used for imaging the
changes induced by chronic tonsillar disease. Pre­
liminary ultrasonic studies of removed tonsils have
permitted the visualization of structural changes
(Fig 6).

CONCLUSIONS

This pilot study suggests that laser treatment may
provide a new and effective alternative for the
prevention and treatment of chronic tonsillitis and
associated diseases. The procedure is simple and ap­
pears relatively free of complications. It is hoped
that this study will spur new scientific and clinical
investigations. Since chronic tonsillitis affects mil­
lions of people around the world, this new proce­
dure potentially could have major significance in
health care.
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This study investigates peripheral neuromotor manifestations of spasmodic dysphonia (SD) in terms of two broad questions. 1) What
are their salient characteristics? 2) What is the extent of vocal tract involvement? Using an experimental protocol designed to address these

questions, electromyographic (EMG) signals were recorded from three subjects with adductor SD, one subject with abductor SD, and
three normal control subjects. Simultaneous recordings were obtained from multiple vocal tract muscles, using indwelling hooked-wire

electrodes, while subjects performed vegetative, paralinguistic, and linguistic tasks. Herein, we report preliminary qualitative and quan­
titative analyses of EMG data that both demonstrate the potential of multichannel vocal tract EMG in addressing the questions posed and
enhance our understanding of the neurophysiology of pathologic speech.

KEY WORDS - laryngeal electromyography, spasmodic dysphonia, vocal motor control.

INTRODUCTION

Spasmodic dysphonia (SD) is a voice disorder of
unknown cause with variable clinical presentation
and response to treatment. Recently, measures of
neural function have implicated the CNS in etiologic
models of the disorder. 1-10 Cortical and subcortical
structure and function have been assessed via mag­
netic resonance imaging, single photon emission

computed tomography, brain electrical activity map­
ping, and auditory brain stem response.

1-4,7,8 Periph­
eral manifestations of CNS activity have been char­
acterized by acoustic/perceptual voice analyses, vis­
ceral vagal testing, and laryngeal electromyography
(EMG).5,6,l1-P These studies support the concept
that SD is a neurogenic disorder predominately local­
ized above the brain stem (ie, upper motor neuron),
involving perhaps cortical or subcortical structures.

The majority of measures of neuromotor function
in SD have involved acoustic/perceptual analyses
because such measures are noninvasive and data are

obtained easily for large numbers of subjects. Using
information obtained from acoustic/perceptual anal­

yses, we and others have attempted categorical dif­
ferential diagnosis of SD subjects.9,10,18-21 However,
intrasubject variability in vocal characteristics in­
troduced reliability problems. We attempted to

overcome reliability problems by increasing the

number of tasks, the number of diagnostic sessions,
the specificity of instructions given subjects, and the
methods of analyzing data. This increased observed
performance variability and exacerbated problems
of reliability.

Vocal performance in SD is task-dependent. 1,9,10,19-21

Some tasks result in improved vocal performance
for most subjects with SD, while others result in

performance decrements. Further, certain vocal
characteristics tend to be present (or acoustically
measurable) in some tasks, and absent (or acoustic­

ally unmeasurable) in others. Finally, vocal charac­
teristics of subjects with SD can be manipulated sys­
tematically by instructions, and these manipula­
tions can produce similar responses across large
numbers of subjects with SD. Thus, initial intrasub­
ject variability problems yielded findings of syste­
matic intersubject patterns. 9

These findings led to the conclusion that variabil­
ity in vocal performance is not a random phenome­
non. Consequently, our goal has become that of de­

fining the underlying rules of this phenomenon.
This objective is based on two assumptions. First,
understanding the rules will clarify the nature of
the underlying motor control deficit(s) and possibly
the neuropathophysiologic basis of the disorder.
Second, such understanding will guide behavioral
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TABLE 1. SUMMARY OF PREVIOUS ELECTROMYOGRAPHIC FINDINGS IN PATIENTS WITH SPASTIC DYSPHONIA

Investigator(s) Population Muscles Sampled Tasks Findings Comments

Tarasch" 9 Surface electrodes on Phonatory Asymmetric spasms PsLchosomatic illness
neck, tongue re ated to organic

illness

Rabuzzi and McCall12 Several Intrinsic laryngeal Avocal con- SD su�gested as or-

muscles tractions ganic isorder

Blair et al" 6 TA,CT Phonatory Normal activity
Hirosel4 28 TA,CT Phonatory Grouping of voltages in adduc- Little information on

tors EMG findings in SD

Fritzell et al" 3-4 TA,CT Phonatory Bursts of activity on vocaliza- Partial reinnervation
tion shown after RLN sec-

tion

Shipp et al'" PCA, lA, TA, Phonatory, Normal PCA activity during Eradication of con-

CT (bilateral) nonphonatory breath holding; irregular IA tralateral abnormal
and TA activity on voicing adductor activity by
(bursts of activity immediately unilateral RLN pa-
prior to vocal arrests);10radic ralysis
CT activity at norm pitch,
steady activity at falsetto

Blitzer et al'" 14 TA, CT (bilateral) Phonatory, Abnormal activity in TA and No patterns consis-
swallowing CT �ollehasic potentials, R/L tent with spasticity

amp itu e disparities, asyn-
chronous activity, bursts) in
7 of 14 subjects

TA - thyroarytenoid muscle, CT - cricothyroid muscle, PCA - posterior cricoarytenoid muscle, IA - interarytenoid muscle, RLN - recurrent la-
ryngeal nerve.

management (voice therapy) and medical therapy
for rehabilitating individuals with SD. At its con­

clusion, this work should provide insights into
whether SD is 1) a unitary disorder with symptom
continua, 2) a unitary disorder with subgroups cate­

gorizable by symptoms, or 3) two or more disorders
with similar symptoms.

Levels of data acquisition used in most studies
(eg, perceptual, acoustic, and fiberoptic visualiza­
tion) are not adequate to evaluate these three alter­
natives.9.1o,18-21 These levels are too far removed from
the neuromotor breakdown for generation of valid
inferences about an underlying neuropathophysio­
logic disorder. Instead, we need information at the
rieuromuscular level, that is, EMG recordings.

Table 1 summarizes several studies reporting
EMG findings in SD patients.11-17 With respect to

evaluating the alternatives outlined above, these
studies have several methodologic limitations. For
example, when multiple muscles were studied si­

multaneously, a small number of subjects were

used. When larger numbers of subjects were stud­
ied, only one or two muscles were investigated.
More importantly, all of the previous EMG work
used a limited sample of vocal tasks. If vocal per­
formance is task-specific, then only an experimental
design incorporating a variety of tasks will elicit a

spectrum of behavioral and associated electrophysi­
ologic responses.

9.21

The goal of this preliminary report is twofold.
First, we explore the utility of EMG as a technique
to address two questions regarding neuromotor ab­
normalities in vocal motor control in SD. 1) What
are their salient characteristics? 2) What is the ex­

tent of vocal tract involvement? Second, we use

qualitative and quantitative observations to gener­
ate additional questions regarding the nature of

underlying motor control deficits and to provide
guidance for in-depth study of larger numbers of
subjects. To this end, we report selected examples of
EMG signals recorded from multiple insertion sites
within the vocal tract during tasks representing
continua of increasing motoric and linguistic com­

plexity. These examples illustrate gross neuromus­

cular behavior during primarily steady state activa­
tion. This focus differs from other clinical uses of
EMG such as detection of peripheral neuropathy or

specific myopathy.

METHODOLOGY

Subjects. Simultaneous recordings of acoustic and
EMG signals were obtained from three men and one

woman with SD and three age- and sex-matched
normal controls. Table 2 summarizes relevant char­
acteristics of SD and control subjects. Diagnoses of
SD were confirmed by two otolaryngologists and two

speech/language pathologists. None of these subjects
evidenced movement disorders. Subject SD2 had
visual-spatial deficits subsequent to the closed head
injury noted in Table 2. Subject SD3 had a paternal
history of hand tremor. These subjects were selected
from a larger population of SD patients that have
been evaluated by the authors over the past 6

years.
1-10.20 Prior to initiating EMG studies, informed

consent was obtained from all subjects in accordance
with regulations of the Institutional Review Board
of the University of Texas Health Science Center at
Dallas.

Muscle Selection. Table 2 summarizes muscles
from which verifiable EMG signals were recorded
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TABLE 2. SUBIECT PROFILES

Age Presumed Perceptual Vocal Duration of
Subject Sex (yr) Cause of SD Fiberoptic Findings Characteristics Symptoms Muscles Sampled

SDl M 41 Unknown Normal Adductor, no tremor 14 yr TA, CT, LP, IT

SD2 M 47 Closed head injury Hyperactive adduction la- Adductor, with tremor 41/2 yr Both CT, LP, IT

ryngeal tremor

SD3 M 44 Unknown Normal Adductor, no tremor 3yr TA, CT, LP, IT

SD4 F 43 Unknown Intermittent incomplete la- Abductor, with tremor 3 yr TA, strap, LP, GGP

ryngeal closure

C1 M 40 Normal Normal CT, strap, LP, IT

C2 M 41 Normal Normal CT, strap, LP, IT

C3 F 46 Normal Normal CT, strap, TA, IT

CT - cricothyroid muscle, LP - levator veli palatini muscle, GGP - posterior genioglossus muscle, TA --:- thyroarytenoid muscle, IT - intrinsic

tongue muscle (general term used because in development of experimental procedures we did not record from same IT in all subjects. All IT insertions

were anterior and relatively superficial and showed activity for tongue tip elevation and advancement and for speech gestures such as /pAtAkA/).

from each subject. Given individual subjects' ability
to tolerate this invasive procedure and our current

facility limitations of four-channel EMG recording,
preliminary experiments were designed to obtain as

much data as possible from each subject. To ac­

complish this goal, the ideal session recorded EMG

signals from hooked-wire electrodes inserted within
the thyroarytenoid muscle (TA), the ipsilateral cri­

cothyroid muscle (CT), the levator veli palatini
muscle (LP) , and an intrinsic tongue muscle (IT).
This permitted assessment of muscles innervated by
two divisions of the vagus nerve at the level of the
larynx (innervating the CT and TA) and the pha­
ryngeal plexus, which includes the vagus (inner­
vating the LP) and the hypoglossal nerve (innervat­
ing the IT). In the worst case condition, the LP, an

IT, and both CTs (or one CT and one strap muscle)
were sampled. This allowed assessment of muscles
innervated by the pharyngeal plexus, the hypoglos­
sal nerve, and the superior laryngeal nerve. Over­
all, our approach was designed to focus on the lar­
ynx, but also allowed evaluation of nonvagal neuro­

motor activity.
Electrode Insertion, Verification, and Recording

Procedures. Before electrode insertion, examination
of the vocal folds was performed using either an

Olympus flexible nasolaryngoscope (type L) or a

rigid endoscope coupled to a Wolf 5011 Stroboskop
generator with simultaneous video recording. Su­

perficial skin or mucous membrane at each inser­
tion site was anesthetized with 1 % Xylocaine or 4 %

cocaine, respectively.

Bipolar hooked-wire electrodes, either 0.05-mm

(0.002 in) coated platinum wire (Semiconductor
Packaging Materials, Inc) or 80-JLm coated copper
wire (Wolf model 8296.02), were inserted either
perorally or percutaneously. The exposed or record­

ing surface of all electrodes was approximately 1
mm in length (as recommended by Shipp et aP2 and

Basmajiarr"). Output from each of four electrode
pairs was routed to separate EEG amplifiers (Grass
Instruments model 7P511). Amplifier filters were

set at a bandwidth of 100 Hz to 3 kHz. The im­

pedance at each input terminal of the preamplifiers
was 20 MO. Sensitivity varied from 5 to 20 p.V/mm

depending on the electrode configuration (eg, bipo­
lar or monopolar). Verification of insertions followed
procedures developed at Haskins Laboratories and
was based on appropriateness of electrical activity
for a given muscle during specific maneuvers.

24-26

Speech acoustic and EMG signals were monitored
on the CRT of a four-channel EMG (TECA model
TE4) during experimental sessions and recorded on

1/4-in tape (Vetter Instrumentation Recorder) for
subsequent review and computer analysis. At the
completion of all the experimental tasks, free ends
of each pair of hooked-wire electrodes were joined
to form four monopolar electrodes. A reference
electrode was placed over a neutral muscle and the
entire task sequence was repeated. This provided
two advantages. First, a broader recording field
was available for comparison with the bipolar con­

dition. Second, useful information could be ob­
tained from shorted bipolar electrodes converted to

monopolar mode.

Experimental Tasks. Acoustic and EMG signals
were recorded while subjects produced multiple
repetitions of the 23 tasks summarized in Table 3.
These tasks were chosen to meet several criteria.
First, tasks ranged from vegetative nonvocal
through cognitive-linguistic, thus involving differ­
ent levels of subcortical and cortical neuromotor
control. Second, tasks varied from simple to com­

plex in terms of temporal constraints and/or motor

organization. Third, as illustrated in Fig 1, we in­
cluded tasks presumed to be controlled primarily by
the right or left brain hemisphere in order to in­

vestigate the cortical laterality of neuromotor con­

trol deficits in SD. Finally, we included tasks re­

quiring temporal coordination of antagonistic or

synergistic muscle groups. As a preliminary com­

munication, we report selected, mainly steady state
tasks that highlight the potential utility of a multi­
task research design, are easily quantified in terms
of integrated average activity, and begin to address
the questions posed in the Introduction.

Data Analysis. Electromyographic and acoustic

signals, as well as 50-JLV calibration signals recorded
during each experimental session, were low pass fil-
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TABLE 3. TEST CONDITIONS

Task No. and Task Approximate Task Duration
Major Vocal

Tract Components

Vegetative nonvocal

1 Inspiration-expiration
2 Breath holding
3 Swallowing

Vegetative vocal

4 Sigh
Vocalization, affective

5 * Repeated laughing
6* Repeated growl

Vocalization, paralinguistic exclamations

7 Phonation of Iii at "normal" intensity and modal pitch
8 Phonation of Iii ascendingldescending scale

9 Phonation of lsi and Izl

10 Phonation of Iml

11 Saying "uh-oh" (oops)
12 Saying "aha"

13 Saying "rnm ... uh" (uncertainty)
14 Saying "uh-uh" (no)
15 Slow and fast production of syllable triplets IpAtAkAl and

IbAdAgAI
16 Humming "Old McDonald's Farm," low volume

Linguistic, automatic

17 Counting 1 to 10

18 Days of week

19 Months of year

Linguistic, propositional
20 Singing "Old McDonald's Farm"

21 Reading "Old McDonald's Farm"

22 Answering questions (President, Vice President, day of week,
first President)

15 s @ 16 breathslmin rate

As long as possible, 3 times

3 times

Larynx
Larynx
Tongue, velum, larynx,
pharynx

5 times Larynx

5 s Larynx
5 s Larynx

As long as possible Larynx
5 s Larynx
As long as possible Tongue, larynx
As long as possible Velum, tongue, larynx
5 times Tongue, larynx
5 times Larynx
5 times Velurn, larynx
5 times Velum, larynx
15 s Lips, tongue, velum,

larynx
30 s Larynx

1 time Vocal tract

1 time Vocal tract

1 time Vocal tract

30 s Vocal tract

30 s Vocal tract

45 s Vocal tract

180 s Vocal tract23 Reaction time for production of Iii on visual cue

'Since these tasks may dislodge electrodes, they are performed last. Task sequence is repeated at least twice during session.

tered and digitized at a 4-kHz sampling rate (12-bit
analog-to-digital resolution) on an LSI 11173Iabora­
tory computer. Electromyographic signals were low

pass filtered at 700 Hz to eliminate tape recorder
noise above this frequency. The acoustic signal was

low pass filtered at 1.8 kHz. Hard copy plots of time­

synchronous EMG and speech acoustic signals were

produced on a Hewlett-Packard plotter and consti­
tute the preliminary qualitative data reported in
this paper.

Digitized EMG signals were rectified (ie, abso­
lute value was computed) and then processed to de­
termine mean, standard deviation, and minimum
and maximum values in analog-to-digital units for
each task. Percentage change in average activity
relative to a reference task also was computed for
each muscle. Reference tasks were selected as repre­
senting theoretic maxima of muscle activity. This

percent change value was used to indicate differ­
ences in activity across tasks for a given muscle for
each subject. 27 This value has the advantage of be­

ing independent of calibration factors (gains or at­

tenuations) associated with the electrode configura-

tion, amplifier, and recording System, since these
factors represent constants that multiply both the
numerator and denominator and cancel each other
out when the percentage is computed.

RESULTS

We begin by addressing the first question posed in
the Introduction: "What are the salient characteris­
tics of the neuromotor abnormality in SD?" The di­
_versity of tasks employed and muscles sampled in
our experimental design permits consideration of
this question from several different perspectives. We
limit this report to findings regarding 1) the rela­
tionship between neuromotor abnormalities, as rep­
resented in EMG signals, and acoustic/perceptual
characteristics of vocal performance; and 2) changes
in activity levels in specific muscles as a function of
experimental task.

Thyroarytenoid Muscle. The TA, the medial por­
tion of which is typically referred to as the vocalis
muscle, forms the muscular basis of the vocal folds.
For this reason it might be considered the prototyp-
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ical muscle of interest in a disorder affecting vocali­
zation. In a disorder such as adductor SD, one

might assume that abnormal activity of the TA
could produce vocal spasms (eg, hyperadduction)
perceptually characterized by disrupted phonation.
Further, one might assume TA involvement in per­
ceived instances of either frequency or amplitude
tremor. Finally, in a simplistic dichotomy between
abductor SD and adductor SD, one might expect
abnormal TA activity in the adductor form, but not

in the abductor form. Acoustic and EMG data are

presented to address characteristics of TA function
in SD.

Intrasubject perceptual! acoustic variability re­

ferred to in the Introduction is illustrated in Fig 2A.
Waveforms are presented for sustained lsi, Iml, and
Iii produced by a subject with adductor SD (subject
SD 1). Perceptually, tremor is not obvious in I sl or

Iml, but is readily apparent in Iii. There is clear
acoustic evidence of regular amplitude perturba­
tion in Iii, and of less dramatic and less regular
amplitude perturbation in Iml. The arrow marks a

complete phonatory break in the sustained vowel.

Figure 2B shows TA EMG activity accompanying
the productions illustrated in Fig 2A. In the lower
trace of Fig 2B, the arrow marks the phonatory
break identified by the arrow in Fig 2A. This break
immediately follows a rather bizarre spike in the
EMG tracing of TA activity. The characteristics of
this spike suggest that it is some form of artifact,
possibly induced by a sudden movement of the elec­
trodes or the muscle in which the electrodes are in­
serted. Therefore, we do not feel that the spike
should be interpreted as causing the phonatory

Lt < Rt \
Brain

Lt + Rt
Brain

Humming
#4

Fig 1, Schematic diagram of possible eNS
organization with reference to experimental
tasks,

'

"EEl I"
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break. Rather, both the spike and the break may re­

sult from an extremely forceful movement of the
vocal folds, possibly produced by contraction(s) of
muscles(s) not monitored. The clear abnormality in
TA during the sustained Iii is shown by the regular­
ly occurring periods of rapid onset, high amplitude
activity (cluster bursts). These cluster bursts appear
to occur at a rate of approximately 6 to 7 Hz, be su­

perimposed on background TA activity, and be syn­
chronous with amplitude modulations (tremor) in
the acoustic waveform. While less dramatic, similar
cluster bursts (at the same frequency) are present in
TA activity accompanying the production of sus­

tained Iml. Thus, the acoustic amplitude modula­
tion apparent in these productions is accompanied
by TA cluster bursts of a similar frequency. Inter­

pretation of TA activity accompanying the lsi pro­
duction is less clear.: While the acoustic waveform
shows no evidence of amplitude modulation, the
EMG signal shows some evidence of what may be
low amplitude cluster bursts in the 6- to 7-Hz fre­

quency range.

The presence of cluster bursts, or at least our abil­

ity to detect this abnormal EMG pattern, appears
related to the increasing TA activity demonstrated

by this subject across these three speech tasks.
Lower overall levels of TA activity are observed for
the voiceless obstruent lsi as compared to the nasal

Iml, and for Iml as compared to the vowel Iii. This

expected pattern also is demonstrated by our nor­

mal controls. At the higher levels of TA activity ac­

companying production of Iii, both the cluster
bursts and the acoustic amplitude modulations are

exacerbated.
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Figure 3A shows acoustic waveforms and accom­

panying TA EMGs for two tokens of sustained IiI

produced by subject SD3 under two speaking condi­
tions, The upper signals were recorded while the

subject applied techniques learned in voice therapy,
The lower signals were recorded without use of
these techniques, As might be expected, given dif­
ferences evident in the acoustic records, these pro­
ductions differed dramatically in perceived quality,
Without therapy controls, this subject's voice had a

strainedlstrangled quality, evidenced as a partial
phonatory break (spasm) and a following complete
break. With therapy controls, this subject's voice
was slightly but not unpleasantly breathy and did
not evidence any perceptually clear vocal breaks.
Thyroarytenoid muscle activity accompanying both
utterances- is of relatively high amplitude. There is
some regular modulation, but background levels
make clear identification of cluster bursts difficult.
The most dramatic difference between the two TA

patterns is the occurrence, in the third trace, of an

exceedingly high amplitude 200-ms burst preceding
the complete vocal break in the acoustic waveform
(fourth trace). This difference is typical of other
comparisons made of this patient speaking with and
without therapy techniques. In general, techniques
learned in voice therapy appear to inhibit the oc­

currence of these high amplitude, relatively long
duration bursts. This inhibition correlates with im­

proved perceptual vocal quality and reduction in
the frequency and duration of voicing breaks.

Fig 2. (Subject SDl) Acoustic waveforms of 2-s segments of sus­

tained lsi, Iml, and Iii. A) These and all other acoustic signals
were low pass filtered at 1.8 kHz before digitizing at sampling
rate of 4 kHz. Arrow marks phonatory break perceived by listen­
ers as adductor spasm. Listeners perceived vocal tremor in sus­

tained Iii. B) Thyroarytenoid muscle activity accompanying lsi,
Iml, and Iii productions. These and all other EMG signals were

low pass filtered at 700 Hz before digitizing at sampling rate of 4
kHz. Arrow identifies vocal spasm marked by identical arrow in
A. C) Levator veli palatini EMG activity and acoustic waveforms
for 2-s segments of sustained Iml (top two traces) and Iii (bottom
two traces). Arrow marks voicing break perceived by listeners as

spasm.

LEVATOR PALATINI I so JI VOLTS

, '.f •• ,�" . "III .. f, •• , , ... ,. ,•• 1 I •• rt I .... I ti'll , •• " "'1 ,

SPEECH ACOUSTIC

LEVt.TOR PALATINI I so jlVOLTS

SPEECH ACOUSTIC

1200 MS I

c

The acoustic waveform in Fig 3B illustrates a vo­

cal pattern quite different from those in Figs 2A and
3A. This sustained IiI, produced by a subject with
abductor SD (subject SD4), was extremely aspirate
(almost completely whispered), with minimal vocal
fold vibration. Given the minimal voicing observed,
the high levels of TA activity are somewhat surpris­
ing. Indeed, this TA recording is remarkably simi­
lar to those of subject SD3, illustrated in Fig 3A.

High levels of continuous activity make identifica­
tion of cluster burst activity difficult.

When considering each of the preceding examples
in isolation, a conclusion of overall abnormality of
TA activity cannot be reached. The remaining ques­
tion is whether the apparently high levels of TA ac­

tivity illustrated in these selected examples repre­
sent deviant function in this muscle. Since intersub­
ject comparisons of EMG activity are neither valid
nor reliable for recordings obtained from indwell­
ing hooked-wire electrodes, this question can be ad­
dressed only by intrasubject comparisons across se­

lected experimental tasks.

Thyroarytenoid muscle activity is known to vary
systematically across several of the tasks employed
in this experiment. As an example, in the vegetative
task of swallow, TA normally demonstrates high
levels of activity associated with a maximal, protec­
tive closure gesture. In contrast, for the production
of a voiceless lsI, TA activity in normal speakers is
minimal. Between these two extremes, normal
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Fig 3. Thyroarytenoid muscle activity and acoustic wave­

forms for three 2-s tokens of sustained Iii. A) Subject SD3

speaking with and without techniques mastered in thera­

py. Listeners perceived two vocal spasms in "without ther­

apy controls" condition. B) Utterance of subject SD4 (ab­
ductor SD) was perceived as extremely aspirate; little
acoustic evidence of vocal fold vibration is present. Arrows
indicate points in acoustic waveform at which decreases in

amplitude occurred. Listeners perceived these events as ab­
ductor spasms.

speakers will show TA level differences (such as

those illustrated in Fig 2B) associated with produc­
tion of various speech sounds. Since none of our

subjects (control subjects or subjects with SD) evi­
denced laryngeal insufficiency in swallow (ie, his­

tory of aspirating saliva, liquids, or solids), compar­
isons illustrated in Fig 4A were based on each sub­
ject's integrated average TA activity during swal­
low. Based on the assumption that this average val­
ue represented a relatively high (near presumed
physiologic maximum) level of TA activity for each
subject, average levels of activity during production
of speech sounds were expressed as percentages of
EMG activity during a swallow. Thus, in Fig 4A the
level of TA activity during swallow represents 0 %
for each subject. Positive percentages indicate aver­

age levels of activity exceeding that occurring dur­

ing swallow, and negative percentages represent
levels below that accompanying swallow.

The expected normal pattern of TA activity is il­
lustrated by subject C3. Production of Ii! required
70 % less TA activity than did a swallow. Further,
productions of sustained Iml, Izl, and lsi required
even lower levels of TA activity. In contrast, levels
of TA activity demonstrated by the subjects with SD
while producing these sustained speech sounds fre­
quently equaled or exceeded their levels accompa­
nying swallow. Two subjects with adductor SD
showed higher levels for Iii than for Iml, Izl, and

lsi, while the subject with abductor SD showed a

converse pattern, with higher levels for the conso­

nants than for the vowel. It is tempting to consider
this as evidence of different physiologic forms of the
disorder. However, the number of subjects is too

small to warrant such a conclusion.

Levator Veli Palatini Muscle. Having docu­
mented abnormal patterns of activity in an intrinsic

laryngeal muscle (eg, TA) in these subjects with SD,
we addressed the question of nonlaryngeal muscle

abnormality in SD. If SD is a laryngeal problem,
then LP activity should be normal. However, if SD
is a disorder affecting all speech muscles, or at least
all muscles innervated by the vagus nerve, then LP
should demonstrate abnormality. Figure 2C shows
acoustic waveforms and LP EMG activity for sus­

tained Iml and sustained Iii produced by subject
SD1. These acoustic waveforms are repeated from

Fig 2A, and the TA activity for these utterances is

presented in Fig 2B. Cluster bursts with a frequency
of 6 to 7 Hz are apparent in both LP traces. These
bursts appear to be temporally synchronous with
similar cluster bursts in TA as well as with ampli­
tude modulations in the acoustic signals. The
cluster bursts accompanying Iml production are

more clearly apparent in LP tracings than in TA

tracings because background LP activity is very low

(as is appropriate for production of a nasal sound
such as Im/).

In comparing levels of LP activity across subjects,
a strategy similar to that used for the TAwas

adopted. During swallow, high levels of LP con­

traction assure closure of the velopharyngeal port
and prevent liquids from being forced into the nasal

passages. In contrast, during quiet breathing rela­

tively low levels of LP activity occur, since the velo­

pharyngeal port is open to allow air passage. In

speech, production of a sustained obstruent such as

lsi requires LP activity in order to maintain intra­
oral air pressure, while production of a: nasal such
as Iml is facilitated by decreased or suppressed LP

activity to assure an open nasal passage. Therefore,
the maximal vegetative gesture, swallow, was used
as a basis for comparison. Activity levels for speech
tasks and breathing were expressed as percentages
of average LP activity during a swallow.

In Fig 4B, the level of LP activity during swallow
represents 0% for each subject. Positive values rep­
resent average levels of activity exceeding that oc­

curring during swallow. Negative values represent
levels below that accompanying swallow. The nor­

mal pattern, illustrated by subject C1, shows that

velopharyngeal closure necessitated by increased in­
traoral airflow for lsi required 70 % less LP activity
than did a swallow. Productions of speech sounds
that require lower levels of intraoral air pressure
showed even lower levels of LP activity. Subject
SD2 demonstrated an LP activity pattern similar to

that of subject Cl. Subject SD1, whose LP activity
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Fig 4. Relative change in average levels of EMG activity as function of task. A) Thyroarytenoid muscle EMG ac­

tivity. For each subject, average level of activity during swallow (reflexive, protective laryngeal closure) is defined
as 0 % , and levels of activity for speech tasks are expressed as positive or negative percentages of that level. B) Le­
vator veli palatini EMG activity. For each subject, average level of activity during swallow (reflexive closure of
nasopharyngeal port) is defined as 0 %, and levels of activity for other tasks are expressed as positive or negative
percentages of that level.

patterns are illustrated in Fig 2C, showed an ele­
vated baseline but a relatively normal pattern, in­

cluding the expected drop in activity associated with
nasal production. All oral speech sound productions
were accompanied by LP levels that equaled or ex­

ceeded the level observed during a swallow. For

subjects SD3 and SD4, LP activity levels for all
speech tasks exceeded those for swallow. While the
high LP levels accompanying subject SD4's produc­
tions of lsi, Iz/, and Iii might be explained by the
high airflows accompanying the extremely aspirate
(breathy) vocalizations, this explanation does not

account for the 240 % increase associated with this
subject's Iml production.

Cricothyroid Muscle. As have previous in­

vestigators, we found evidence of abnormal CT ac­

tivity in our subjects with SD. However, these ab­
normalities were more puzzling than elucidating. 16

Figure 5 illustrates the perplexing nature of such
findings. �As shown in the lower trace (speech acous­

tic waveform), subject SDI 'produced three itera­
tions of the utterance IpAtAkA/. Perceptually, all
three can be described as having the strained/stran­
gled quality typical of this and many other subjects
with adductor SD. Further, the three iterations are

not perceptually or acoustically different from one

another. Levator veli palatini activity for all three
iterations appears normal (ie, bursts are associated
with each of the stop closures). Nor can any gross
abnormality of patterning be identified in the TA

tracing. Indeed, nothing clearly abnormal can be
identified in CT activity accompanying the first
iteration. However, the CT activity .temporally
associated with the second and, to a lesser extent,

third iterations can only be described as bizarre.
This CT pattern is not, however, atypical for this
subject. It occurs sporadically throughout his
speech recordings. Careful consideration and re­

consideration of all insertion validation criteria and
recordings for this CT insertion revealed that this
was a good CT recording (ie, there was no evidence
of activity during head turning or jaw movements).
If this activity represents artifact associated with
movements of the laryngeal cartilages rather than
elevated levels of CT contraction, it is a violent and
relatively long-lasting movement.

Whether CT contraction or dramatic structural
movement affecting the CT or its attaching carti­

lages, these bizarre electrical events do not appear
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Fig 5. (Subject SDl) Electromyographic activity in thyro­
arytenoid muscle, cricothyroid muscle, and levator veli
palatini, and acoustic waveform for three iterations of
IpAtAkA/.
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to be related directly to systematic or significant al- tients with SD. Understanding the effects of thera-
terations in fundamental frequency. The apparent py at the level of neuromuscular control is thus a

disassociation between abnormal, or at least unusu- valid goal of future EMG research.
al, CT activity patterns and fundamental frequency
is not limited to subject SD 1.

DISCUSSION

The following discussion briefly reviews answers

provided by the data and then poses some of the

questions raised. In addition, we describe an ap­
proach we intend to pursue in addressing these

questions.

Spasmodic dysphonia is not a peripherally focal
disorder. For at least three of four subjects with SD,
EMG evidence of disrupted neuromuscular activity
is not limited to laryngeal muscles, but extends to a

nonlaryngeal muscle, the LP. This finding is consis­
tent with reports by our group and by others of ab­
normal tremor and/or spasmlike movements of the
velum in patients with SD. 9,10 This is also further in­
dication that anatomically diverse structures inner­
vated by the vagus nerve demonstrate abnormal
function in SD.6 Electromyographic studies of non­

vagal speech muscles and of nonspeech muscles will
be required to elucidate these results. While vocal
abnormality is clearly a defining characteristic of
SD,. the underlying disorder appears to be nonspe­
cific to laryngeal motor control. Instead, these find­

ings suggest that abnormalities exist at higher levels
of speech motor control.

Spasmodic dysphonia is probably a symptomati­
cally unitary disorder. Previous work has demon­
strated that perceptual ratings of vocal performance
and acoustic analyses can be used to differentiate two

groups of patients with SD (abductor and adductor).
However, Cannito and johnson" described a pa­
tient with mixed abductor and adductor character­
istics, suggesting that vocal symptoms represent a

continuum rather than a dichotomy. The subject in
the present study with abductor SD showed abnor­
mal activity in both the TA (an adductor muscle)
and LP (a nonlaryngeal muscle). In addition, this

subject showed higher relative levels of TA EMG

activity for speech than did the three subjects with
adductor SD. Thus, our data refute the simplistic
assumption that a subject with abductor SD would
demonstrate normal neuromotor activity in adduc­
tor muscles and abnormal activity only in the vocal
fold abductor (posterior cricoarytenoid muscle).
Additional subjects and muscles must be studied be­
fore the meaningfulness of these differences can be
assessed.

Behavioral therapeutic intervention appears to

be viable. Electromyographic results from a single
subject treated by voice therapy indicate that thera­

py-related alterations in perceptual vocal quality
occur in conjunction with alterations in the under­
lying EMG pattern. That is, voice therapy can ef­
fect changes in neuromotor control patterns in pa-

To the question "What is the level of neuromotor

abnormality in SD?" data reported here offer part
of the answer. Specifically, they support the notion
that peripheral neuromotor manifestations, such as

cluster bursts, reflect an upper motor neuron disor­
der. This interpretation is consistent with observed
differences in levels of EMG activity as a function of
task. Such reproducible, task-dependent differences
would not be expected in a disorder limited to the
lower motor neurons"

Data reported in this study do not permit further
delineation of the locus or characteristics of the sus­

pected upper motor neuron disorder. However, sev­

eral aspects of our experimental protocol are de­

signed to optimize efforts toward this end. Specifi­
cally, the 23 tasks listed in Table 3 provide differen­
tial activation of several vocal tract muscles along
presumably different motor pathways. Differential
activation of a muscle may represent changes in the
overall amplitude of activity required for a task, in

predominant hemispheric contribution, and/or in

task-specific constraints on temporal patterning (ie,
motor complexity). Effects of changes in overall
amplitude of EMG activity required for a task are

exemplified by data presented in this report (eg, ex­

acerbation of cluster bursts). The implication of this

finding is that neuromotor abnormality may fre­
quently be present to some extent in the motor sys­
tem, but that peripheral manifestation of this ab­

normality is contingent upon muscle activation be­

yond some threshold. Furthermore, the magnitude
of this threshold may differ across individual mus­

cles, patterns of muscle activation, subjects, or all
three. Threshold variability could contribute to fre­

quently reported intersubject and intrasubject vari­

ability in acoustic/perceptual characteristics of vo­

cal performance as a function of task. Effects of pre­
dominant hemispheric contribution may be reflected
also in differential activation of a muscle. As il­
lustrated in Fig 1, certain of the tasks summarized
in Table 3 may activate different subcortical and/or
cortical regions preferentially. In-depth analyses of

patterns of EMG activity within and between these
tasks may facilitate identification of loci of upper
motor neuron disease. Effects of constraints on tem­

poral patterning may be resolved by a comparison
of EMG patterns during steady state versus dynam­
ic vocal tasks. With one exception, data presented
here represented relatively steady state activation of
a muscle. These patterns were informative in our

understanding of relationships between neuromotor
and acoustic/perceptual characteristics of vocal per­
formance and permitted quantified comparisons
between subjects across tasks. Conversely, the one

example of muscle activity during a dynamic vocal
task (CT during /pAtAkA/) illustrates gross qualita­
tive abnormality. It is not yet clear whether quan-
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tifiable abnormalities also exist in other muscles.
We believe further discriminating power can be
achieved by simultaneous analysis of all EMG sig­
nals during discrete temporal intervals within a re­

sponse. Such signal processing should permit better
resolution of timing and coordination measures as

the dynamics of the vocal task change over the
course of the response.

28

Conclusions drawn from preliminary analyses of
EMG data highlight future directions of our re­

search . We plan to use information provided by
EMG to continue pursuing several fundamental is­
sues. For example, SD has been referred to as a fo­
cal dystonia. 17 Our mapping of EMG signals at mul­

tiple levels within the vocal tract has established

that the focus extends beyond the larynx. In future
studies, we will investigate the extent of vocal tract

involvement and the validity of the label dystonia.
As another example, our technique enables us to

continue addressing the question of symptom heter­

ogeneity in a larger number of SD subjects. We also
will continue our search to identify the rules under­

lying the patterns(s) of task-related electrophysio­
logic abnormalities in SD. In a narrow scope, this
work provides insight into causation and treatment.

In a broader scope, the search may contribute to

our understanding of 1) basic principles relating vo­

cal motor control to task complexity and organiza­
tion, 2) basic principles of central control of vocali­
zation and/or speech, or 3) both, since the two may
indeed be the same.
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CONRADI-HUNERMAN SYNDROME. CASE REPORT (p 115)
M. HOCHMAN, MD; W. E. FEE, JR, MD

SEYMOUR R. COHEN, MD (Los Angeles): I would like to con­

gratulate Dr Fee and Dr Hochman. This Conradi syndrome is a

very rare disease. I have only seen one patient, and I think this
child is the one whom I saw when he was only 1 or 2 months of

age. The diagnosis was obviously made with radiographic studies.
The problem in these children happens to be the airway. There is
a new technique, and it has been developed by Gabriel F.

Tucker, Jr, and his group at Children's Memorial Hospital in

Chicago. Children with the so-called stovepipe trachea or concen­

tric entire rings were uniformly dead before 1 month of age or so.

Their airways have not been able to be kept patent because of the

tremendous narrowing that has occurred, which in some cases has
been entirely bronchial. What Dr Idriss and Gabriel Tucker and
his group have done is to use a pericardial graft after splitting the
trachea anteriorly and posteriorly. The patients have done ex­

tremely well. We recently had a child almost on his deathbed who
had this operation and 3 months later is doing very well. Another

report from Denver describes using cartilage grafts to enlarge the
trachea. Since the child with the Conradi-Hunerman syndrome
has a much better prognosis as he or she gets older, the thing to do
is to protect the airway and to consider doing one of these pro­
cedures.

HISTOCHEMICAL STUDY OF POSTERIOR CRICOARYTENOID MUSCLE
REINNERVATION BY A NERVE-MUSCLE PEDICLE IN THE CAT (p 29)
J. J. FATA, MD; L. T. MALMGREN, PHD; R. R. GACEK, MD; R. DUM, PHD; P. WOO, MD

ROBERT B. LEWY, MD (Chicago): This is a beautiful paper -

very well designed and very well put together. There are, how­
ever, two areas to which I would like to refer: first, the author
uses the word "controversy" relative to the neuromuscular trans­

plant. This has no doubt been true, and I will not go through the
whole controversy. I would suggest the following. I cannot move

my omohyoid muscle except under circumstances of extreme

stress after vigorous exercise. I submit that most people cannot

move their omohyoid muscles. If they cannot do this, is it reason­

able to expect that a neuromuscular transplant of the ansa includ­

ing part of the omohyoid muscle would then be effectively voli­
tional when put into the larynx? The clinical results have not been
sufficient in the hands of many of us to justify that conclusion.
The second point is the question of glycogen depletion, which was

the essential argument of the paper. If I remember the author's
slide correctly, there were two controls. Neither of the two con­

trols showed any glycogen depletion. A minority, not a majority,
showed some glycogen depletion. It may well be that this will ul­

timately prove to be a very excellent measure of neuromuscular

transplantation; but if so, it seems to me that more work must be
done in which the majority of the cases prove to have glycogen de­

pletion.
ROGER L. CRUMLEY, MD (San Francisco): In experimental pro­

tocols for laryngeal reinnervation, it is imperative that chronic
denervation of the posterior cricoarytenoid muscle be achieved
and confirmed. This is critical because it is known that adjacent
nerves and muscles, as well as the recurrent laryngeal nerve, may
regenerate back to the posterior cricoarytenoid and produce rein­
nervation. The nerve or muscle transplant may in fact have noth­

ing to do with such reinnervation. This study leaves that issue un­

clear, since the neuromuscular pedicle is growing axons toward
the muscle, at the same time as all the other local regenerative
sources are. We know that ligation of the recurrent laryngeal
nerve in animals will not preclude recurrent nerve regeneration. I
think these issues are cloudy here in terms of which nerve actually
reinnervated the posterior cricoarytenoid muscle.

JOHN A. KIRCHNER, MD (New Haven, Conn): I think this is an

excellent paper. I think that the workers have brought this nerve­

muscle pedicle graft up to the next stage beyond what we knew
before. The stimulation certainly showed glycogen depletion. I
think the next stage in investigating this technique would be to

put an electrode into the muscle to see if there is activity of the ab­
ductor muscles during inspiration. Because you do or do not see

.

197

abduction on inspiration does not mean that the muscle is not

working. There is just enough contraction of the posterior crico­

arytenoid muscle ordinarily to stabilize the vocal cord against ab­
duction by the Bernoulli effect and to prevent the stridor that
would otherwise occur. If one looks at the vocal cord under these
conditions, one does not necessarily see abduction; therefore, we

may be underestimating this technique. The work from now on

should include an electromyographic recording from the muscle.

JOSEPH J. FATA, MD (Syracuse, NY): Dr Lewy, the control
animals did not show glycogen depletion because the nerve­

muscle pedicle (NMP) was not subjected to suprathreshold stimu­
lation. This demonstrated that glycogen depletion in the experi­
mental animals was produced by stimulation of the NMP rather
than by some other process such as the denervation procedure.

There are several possible explanations for the inconsistency of

glycogen depletion in the posterior cricoarytenoid muscle (PCA)
following NMP stimulation in the experimental animals: 1) dis­

ruption of the neural connections between the NMP and the PCA

produced by the technical difficulties associated with surgical ex­

posure of the small NMP in a field obliterated with fibrosis; 2) fa­

tigue of the neuromuscular junctions of the NMP-PCA complex
secondary to excessive electrical stimulation; and 3) unsuccessful
reinnervation by the NMP due to factors such as degeneration of
the NMP as a result of ischemia, unfavorable location to the end

plates in the PCA, and fibrosis.

Dr Crumley's suggestions regarding reinnervation of the dener­
vated PCA by the transected recurrent laryngeal nerve (RLN) or

other nearby neural systems are pertinent and were addressed in
the experimental design. The proximal end of the transected RLN
was embedded into a pocket formed in the lower cervical esopha­
geal wall and sealed with nonabsorbable suture. The chance for
reinnervation by this source is extremely remote. Previous work in
our laboratory (Schell, Malmgren, Gacek) presented a few years
ago to this society, demonstrated that in the cat, the denervated
PCA initially shows muscle degeneration but undergoes sponta­
neous reorganization 2 to 4 weeks after the denervation proce­
dure. This reorganization, which is indistinguishable from the
normal PCA several months later, strongly suggests spontaneous
reinnervation by other nearby neural systems such as autonomic
nerve fibers or sensory components of the vagus nerve. This phe­
nomenon indicates that reinnervation procedures applied to the
chronically denervated PCA are destined to failure, Therefore,
the' NMP or other reinnervation attempts must be employed
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within a short time period following denervation. The present
study, using the glycogen depletion principle, which is a corner­

stone in muscle physiology research, presents the first unequivocal
evidence that the NMP can reinnervate the denervated PCA.

HARVEY M. TUCKER, MD (Cleveland): First, let me say that Dr
Kirchner's comments are well placed. Work has been done re­

peatedly in which electromyographic activity in acute and
chronic preparations has been detected from electrical stimula­
tion applied to the transplanted nerve in an organ isolated so that
it could not possibly be from any other source. One can detect ap­
propriate potentials and activity in the muscle at some distance
from the nerve-muscle pedicle that has been transposed. This has
also been done in spontaneous activity without electrical stimula­
tion.

The omohyoid muscle is under voluntary control. It is true that

many of us cannot voluntarily contract the omohyoid muscle on

any ongoing basis, but during hypoxia it has been demonstrated

clearly that activity in all of the strap muscles including the

omohyoid muscle increases dramatically. It is the electrical activi­

ty that we are seeking and not contraction of the muscle. The
nerve-muscle pedicle is not transposed to provide muscle to make
the vocal cord move; it is to provide a nerve supply to the muscle
that is already there, the posterior cricoarytenoid muscle. We
must not lose sight of the fact that a denervated larynx does not

behave like a normal larynx, and it does not take a great deal of
I activity to stabilize or abduct the vocal fold when it is unopposed
by any other electrical activity or muscular activity. All of this

notwithstanding, the controversy goes on. I have to agree at this

point with the statement made by the Casselberry essayist (and I
also commend him for this nice piece of work) that the probable
long-term future of nerve-muscle reinnervation of the larynx will

lie in electrical stimulation by pacing. I am pleased that we will
be presenting a paper today along these lines. There have been re­

ports in the literature from Europe and the United States recently
showing that pacing via a transposed nerve-muscle pedicle does in
fact work in the acute experiment, and now chronic experiments
need to be done.

SEYMOUR R. COHEN, MD (Los Angeles): I just have a feeling in

going over the literature and reading about all of the techniques
of vocal cord reinnervation that we have lost one of the most im­

portant aspects of what all of the research is about. This is to try
to undo something that laryngeal paralysis does. In the treatment

of neuropathies of the larynx certainly that issue has not been set­

tled. I have not seen any responses as good, even in the child, as

that which we get with the Woodman procedure. I think that we

should not forget that that procedure can be done even in children
when done appropriately. I have heard people talk about what

happens histologically, that we know that glycogen storage is re­

duced or depleted. I have heard people say that histologically we

can see all of these nice changes and we know that the pedicle
takes, but what has it done to the patient? Has it really done

enough to the patient to cause a complete recovery of the prob­
lem? To that I can't see that the answer has been "yes." There is
no reason to believe that about laryngeal muscles that have so

many motor end-plates. Each muscle has motor end-plates that
are different from the motor end-plates of other muscles on the

larynx. Some are broad-banded, some are smaller. To put a small

pedicle into one muscle of the larynx does not mean, because it

has histologically taken and does its work, that it will fire each
and everyone of these end-plates. Therein, I think, lies the real
distress that I feel about small pedicles in an attempt to replace
motor innervation.

VOCAL LIGAMETRY. UPDATE (p 147)
F. E. LEJEUNE, JR, MD

ROBERT B. LEWY, MD (Chicago): I am fascinated by Dr Le­

[eune's paper, and I would like to introduce a peculiar type of
word of warning. It is my belief that he uses the detachable
laryngoscope holder for suspension of my design, which includes a

star gear up against a rotary gear. This is extremely powerful. We
have had to instruct our residents carefully that the placement of

the tip of the laryngoscope and the amount of tension placed
against the vocal cords must be just right in order to do a good job
relative to injecting Teflon. It would seem to me that if the tip is
in too tight and if it is not placed just right, then perhaps his
measurement of the vocal cord might suffer in some degree in its

accuracy.

LASER RESECTION FOR EARLY ORAL CAVITY CANCER.
RESULTS AND COMPLICATIONS (p 106)

M. J. NACORSKY, MD; D. C. SESSIONS, MD

DONALD C. SESSIONS, MD (St Louis): I would like to make a

comment ori'rny paper because one could say that these complica­
tions are complications of treating cancer rather than those from
the laser therapy. It is reported in the literature that one may ex­

cise periosteum and large amounts of soft tissue with the laser and
the wound will heal. That is exactly what happened when we be­
gan to use the laser for oral cavity cancer, but in patients who
needed postoperative radiation therapy before the periosteum
healed we had catastrophic results. All of these patients developed
osteoradionecrosis. We feel strongly that those patients who need
radiation therapy for cure need to have full-thickness coverage.
The second thing that happens with the laser is that often one can

take out small lesions that in the past would have required
removal of the mandible, particularly in the retromolar trigone,
soft palate, and buccal area. When one takes out large lesions in
that area, even though one gets around them, and leaves the man­

dible in, one cannot help but have some problem with mandible
movement, especially trismus. Not having thought about that un­

til it happened, it became a very serious problem. I brought this

up also to see what people do with patients who have had high­
dose radiation therapy with their mandibles in and who have
trismus, because we have not come upon a satisfactory treatment

for that situation yet.

M. STUART STRONG, MD (Boston): After your comments, Dr
Sessions, I almost decided to withdraw mine, but I couldn't re­

strain myself. Congratulations to you both for bringing this work
to us. I think you have pressed the laser to the ultimate limit in the
oral cavity. You took over where we left off, as it were. Our early
presentation showed one could do it and nothing bad happens; we

soon found it to be most useful in the early lesions. Now, T3, a

bulky tumor, is not a very early tumor in my view. I speak of ear­

ly disease as the spreaders, the brush fires, the multicentric, the
little patches of erythroplasia. One doesn't know whether the
disease is invasive, in-situ, or maybe less than that. The rationale
for using the laser for these is to do an excisional biopsy. One
knows roughly where the tumor is, but its margins can be exag­
gerated with stain. Then one cuts around it to take off the surface
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layer including a little muscle as well, but not much more than
that. The floor of the mouth, the palate, the undersurface of the

tongue are convenient places to do this expeditiously. If the tumor

has bulk, I think the laser has no advantage. I think one should go
to it in the old-fashioned way, according to one's preference. One
knows perfectly well if the patients live for 3 years, it is likely that
there will be a recurrence of their diathesis. The idea is to hold
back on the use of radiation until the time comes when one has to

use it. I have irradiated a couple of undersurface-of-the-tongue
tumors and nothing untoward happened. I haven't irradiated the

exposed mandible; however, I have exposed the mandible in a

person who was a radiation failure and gotten away with it, so

that is a bit of a paradox. Please, Dr Sessions, don't lose sight of
the disease and don't be seduced by the laser. It is only a tool, use

it only when you think it will be a real advantage and then you
won't have any regrets about its use. You have told us how far you
can go, and now we have to retreat a bit. In so doing you have

199

served us well.

DANIEL MILLER, MD (Boston): A couple of comments, if I may.
I am a little concerned, if I am correct in what I heard, that 29 %

of the patients had already had recurrences when the laser was

used. If this is so, it raises the question of selectivity of patients for
this destructive tool that you use and how you use it. I didn't hear
much about frozen sections at the time of laser removal, and I
think that the old-fashioned way is still good. The laser is a

destructive tool in the proper hands, but the selective nature of
the tool for the disease seems to me to be paramount in making
the laser more effective.

DR SESSIONS: The laser is not used as a destructive tool. It is
used merely as a cutting tool, and that distinction was very dif­
ficult for me until I started using it in the oral cavity as a cutting
tool.

TECHNIQUE FOR EXTERNAL MOBILIZATION OF THE VOCAL CORD
WITH SILASTIC IMPLANT (p 165)

J. R. ESCAJADILLO, MD

HARVEY M. TUCKER, MD (Cleveland): The statement was

made that one of the advantages of this technique is that it would
be reversible. I think it is fair to say that one could remove the
Silastic as the author stated it, but I am not sure that that makes
the procedure reversible. If this is being recommended for con­

sideration in people in whom spontaneous return of function can

be expected, I would still strongly recommend, as stated in the lit­
erature by most essayists, that irreversible procedures for vocal
cord paralysis should not be carried out until a reasonable period
of time (and that period may vary from 6 months to 1 year) has

gone by so that there is no hope of recovery. I think it is likely that
if this Silastic were removed a year later because the vocal folds

are working or too much adduction had been achieved, there is no

reason to think that the mobilized vocal cord will go back to

where it came from.
ROBERT B. LEWY, MD (Chicago): I agree completely with

what Dr Tucker said. I was distressed by this paper for two

reasons. One is that implants of that nature have been used for

years. I thought that we were beyond that implant stage when,
after 25 years of experience and thousands of cases, we were run­

ning a batting average of greater than 90 % success with a far

simpler operation, the injection of Teflon. I don't see the rationale
for using a very complex operation when a far simpler operation
has been functioning well for a quarter of a century.

USE OF BOTULINUM TOXIN TO LATERALIZE TRUE VOCAL CORDS:
A BIOCHEMICAL METHOD TO RELIEVE BILATERAL ABDUCTOR

VOCAL CORD PARALYSIS (p 84)
S. R. COHEN, MS, MD; J. W. THOMPSON, MD

ROBERT H. MILLER, MD (New Orleans): When I was in

Houston, we had the opportunity to inject botulinum toxin in two

patients who had severe spasmodic dysphonia. We used a per­
cutaneous electromyographic needle technique and got excellent
results in both patients. One of the patients has been injected
three times and each time has responded very nicely. It has been a

very useful technique for these patients.

HERBERT H. DEDO, MD (San Francisco): I an delighted to see

that more people are deciding that paralysis of the vocal cord can

be useful for spastic dysphonia, but I think there are two dif­
ficulties with the botulinum toxin. One, Dr Miller said it has been

successful and then went on to say it had been done three times.
The beauty of doing an open surgical section, since we are using
techniques that thyroid surgeons perfected in the past, is that it
does not have to be repeated. One puts a ligature on the proximal
stump, and it is permanent. I am astonished at the lengths people
will go to try to avoid doing a relatively minor, open surgical pro­
cedure; it is about as serious as a tracheotomy. The second disad­

vantage of botulinum toxin injection is that the injection needs to

be done along the side of the cricoid cartilage, and in this area it is
difficult to avoid paralyzing the superior laryngeal nerve and end­

ing up with more breathiness and lateralization of the vocal cord
than you want in some of.the patients.

CORRELATION OF TUMOR VOLUME WITH LOCAL CONTROL IN LARYNGEAL
CARCINOMA TREATED BY RADIOTHERAPY (p 64)

R. W. GILBERT, MD; D. BIRT, MB; H. SHULMAN, MD; J. FREEMAN, MD; D. JENKIN, MB;
R. MACKENZIE, MD; C. SMITH, MD

JOHN A. KIRCHNER, MD (New Haven, Conn): It seems to me

that there are two types of tumor volume: one large tumor might
be large because it invades the deep structures of the larynx such
as the thyroarytenoid muscle, and another type of bulk might be
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due to the fact that it is just a large exophytic tumor like a ver­

rucous carcinoma. We have all had the experience that the latter
type of tumor has a better prognosis than one that is deeply in­
vasive. Have the authors had the opportunity to compare the ex­

ophytic lesions with the deeply infiltrative lesions?

DEREK BIRT MB (Toronto): The short answer is "no." A more

expanded answer might refer to the work that is being increasing-

Discussions

ly published on the thickness of tumors. A lot have not been laryn­
geal tumors but oral cavity tumors. The authors here who are

studying them are quite concerned about the depth into tissues

that the tumors penetrate. The authors usually have said that they
have been unable to apply the techniques of measuring thickness
to the larynx. We haven't studied the matter that Dr Kirchner

questioned. We simply set out to see that, if we measured the
volume of apparent tumor from computed tomographic scans,

did it have any value, and as I said earlier, we think it may.

VOCAL NODULES IN INFANTS AND CHILDREN (p 80)
B. BENJAMIN, FRACS, FAAP; C. CROXSON, FRACS

CHARLES N. FORD, MD (Madison, Wis): First, I would like to

commend the authors on their excellent results. I don't think I
have seen such tremendous results in that particular disease -

100 % relative success; about three fifths of the patients with "nor­
mal voices." I am a little suspicious of those results based on some

of the real disasters that I have seen in patients with vocal nodules

surgically removed and the principle that any time one removes

tissue on the vocal fold, one introduces some damage to the
I vibratory mechanism. I suggest that we should be looking at the

vibratory characteristics, and should this kind of study be
repeated, it would be very nice to see videostroboscopic studies to

assess exactly what is happening. For example, in the patients
with so-called improved but not normal voices, it may well be
that these improvements are improvements in terms of breathi­
ness, but there may be persistent raspiness and severe impairment
of vibration due to scarring.

BRUCE BENJAMIN, MD (Sydney, Australia): I would like to

thank you for the comments. We, of course, do not claim 100%

success; that was made clear and you echo it in your comments. I

agree that the removal of vocal nodules in children is controver­

sial. It is not for all children; it is for carefully selected children. I

agree that judging the quality of the voice is difficult. There are

very many parameters that could be used; the one we used was

the parent's opinion of the child's voice. Now that microlaryngeal
surgery is so precise, the results we obtained can be obtained by
anybody performing the surgery carefully. Clumsy or unskilled

surgery obviously will produce poor results, but those of us who,
are skilled in microsurgery in the middle and inner ear realize that

microsurgery in the child's larynx is really, if you like to think of
it, gross surgery compared to the microsurgery in the middle ear.

I make no excuses for advocating the removal of vocal nodules in
children in selected cases.

CONSERVATION LARYNGECTOMY (p 174)
CUI-YI Tu, MD

EUGENE N. MYERS, MD (Pittsburgh): I was very interested in

hearing Dr Tu's discussion about the approach in China, at least
his approach in Beijing, to laryngeal cancer. I was intrigued by
the type of reconstructive efforts that he has carried out, par­
ticularly with the osteomuscular pedicle. I wonder if there is any­
one in the audience who has experience with that technique or

related techniques and would like to comment. It is always chal­

lenging to try to do some type of reconstruction after this type of
extensive partial laryngeal surgery.

DONALD G. SESSIONS, MD (St Louis): I think one of the prob­
lems that comes up and becomes more important as the world gets
smaller is: What is a three-quarter laryngectomy? The type of

operation that Dr Pearson calls a three-quarter laryngectomy cer­

tainly is different from what Dr Ogura was very clear and concise
about. He @led a three-quarter laryngectomy a supraglottic par­
tial laryngectomy for a patient in whom the superior surface of
one vocal cord was involved. Although it was a tumor that had
crossed the ventricle, he was very precise that it did not affect the
mobility of the vocal cord. Therefore, he only took a small portion
of the top of one vocal cord. The results from that surgery were

good in terms of cure rate because the patients were highly
selected. The functional results in regard to swallowing from do­

ing that procedure, which I have had the opportunity to watch
through the years, and those of tumors that involved the val­
lecula, the so-called extended supraglottic laryngectomy, were

the poorest swallowing results of all conservation laryngeal sur­

gery. The cases that I have had in which a supraglottic laryngec­
tomy is done, including a hemilaryngectomy on one side, were

difficult reconstructive processes; they involved bringing in mus­

cle pedicles for reconstruction when there was no pyriform sinus
left because that kind of tumor often involved the pyriform sinus.
It is hardto raise a pedicle that is still attached without taking the

nerve supply to it. When that is done, one is going to get atrophy,
in my experience. We have dealt with that problem by markedly
overcorrecting. One patient with overcorrection was fine for a

year and then had the usual swallowing problems. I don't have
the answer to that problem. I think that the American Laryngo­
logical Association should start to be very precise and meticulous
about the presentations in terms of what procedure was done,
what the size of the lesion was, and where exactly the lesion was. I
don't believe that such precision has been obtained yet.

BRUCE PEARSON, MD (jacksonville, Fla): First of all, I think we

all feel a kinship with Dr Tu. His personal story before the pres­
entation was as impressive as the presentation. I don't use the
term three-quarter laryngectomy in the hopes of avoiding the dif­
ficulties in understanding to which Dr Sessions alluded, and I

agree that anatomical precision in describing what we are doing is

vital to understanding this work. I believe he is referring to the
near-total laryngectomy, which is a larger operation and for
larger cases than Dr Tu is describing.

There are some technical questions I have about the pedicle.
There were no wires seen in the postoperative x-ray films. We
were wondering how the bone was anchored posteriorly in the
larynx. Were the pedicles covered with mucosa, or was it not

possible to do so? Was mucosa used only in instances in which the
lower circumferential ring of the cricoid cartilage was preserved,
in other words, wherever just the upper portion was resected?

GUI-YI Tu, MD (Beijing): First, in the supraglottic T2lesions in
which the tumor crosses the ventricle and in the supraglottic T3
lesions in which the arytenoid cartilage is fixed, the problem is a

fixed vocal cord. Either the vocal cord is fixed by tumor or by in­
volvement of the aryepiglottic fold. It is hard to predict. Approx­
imately one half of our patients have received preoperative ir-
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dinating group of radiation therapists and surgeons to consult on

treatment and to determine the staging. Once the staging is deter­
mined it is not changed. For supraglottic T2 and T3lesions, we do
a three-fourths resection, which is a horizontal supraglottic plus
vertical partial laryngectomy . Only one vocal cord and one aryte­
noid remains. For that case we use the osteomuscular flap to cover

the resected half of the larynx. Postoperatively that half of the
larynx is stationary in the midline, and the normal vocal cord ap­
proximates with it. Therefore, in every case in my hospital, we

have no problem with postoperative swallowing or aspiration.
We had two cases of postoperative aspiration pneumonia, but
they healed later with no problems.

Sometimes it took 1 to 2 months of practice in swallowing semi­
solid food before the patient could resume a normal intake of food
and could be decannulated. Every patient in this series can take
normal food by mouth. For T3 glottic cases, we resect the

arytenoid cartilage together with part of the cricoid rostrum, not

the whole cricoid cartilage. In that case, we place the osteo­
muscular flap. The idea of the osteomuscular flap was inspired by
Dr Ogura, and I read Dr Blaugrund's paper about use of part of
the thyroid cartilage to fill the gap that remained after removal of
the arytenoid cartilage. We use a part of the hyoid bone to fill the
defect and a strap muscle to cover the half larynx so as to avoid
aspiration of food into the trachea. As for mucosal covering, the
postarytenoid and pyriform sinus mucosa is used whenever possi­
ble. In case there is not enough hypopharyngeal mucosa, we try to

cover the bony surface and leave the transplanted muscle with its
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investing fascia bare. It heals well and the epithelium covers the
raw surface by secondary intention.

EUGENE N. MYERS, MD (Pittsburgh): One of the other ques­
tions is "How do you fix the hyoid bone when you bring it down?"

DR GUI-YI Tu: I remember that Dr Ogura's method was to use

wire. We leave a little of the suprahyoid muscle attached to the

hyoid bone and suture it to the soft tissue where the arytenoid had
been. We do not use interosseous wiring.

PAUL H. WARD, MD (Los Angeles): Does the patient get any
movement? The patient should. The muscle is innervated.

DR GUI-YI Tu: No movement. No innervation.

FRANK E. LUCENTE, MD (New York): I can't let the discussion
finish without making a comment about the paper that prompted
much of this by Dr Seymour R. Cohen in response to Dr Gabriel
F. Tucker, jr's request that the history of pediatric laryngology be
presented. This discussion we have just heard for the last 20 min-

.

utes tells us that there is much to be learned from a careful study
of history; that many of the mistakes that are propagated have
been resolved in the past and that every investigator must do a

very thorough study of the history of what has preceded us. There
is no need to repeat problems that have been solved before. I think
it is also a challenge to those who have many clinical experiences
who do not share them at these professional meetings to present
them so we can all Iearn from what should be a living history and
not just a recitation of names. I hope we all have a living history
here.
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ALBERT H. ANDREWS, JR
1907-1986

Albert H. Andrews, Jr, MD, Professor Emeritus
of Otolaryngology-Head and Neck Surgery at the

University of Illinois, Chicago, died on September
26, 1986, at 79 years of age. Dr Andrews was ap­
pointed as a clinical instructor in the University of
Illinois College of Medicine in 1939 and retained
academic affiliations with the Department of Oto­

laryngology-Head and Neck Surgery continuously
until his death. He achieved the rank of Clinical
Professor in 1963 and was head of the department
from 1968 until 1975 at which time he became Pro­
fessor Emeritus. Dr Andrews's retirement hardly
diminished his activities at the university. He con­

tinued to participate in teaching, patient care, and
research on a part-time basis. During these retire­
ment years, Dr Andrews continued his work with
the laser and coauthored a' book in 1982 entitled
Microscopic and Endoscopic Surgery with the C02
Laser.

Dr Andrews was a pioneer in laser surgery. He
was one of the first to apply this new surgical tool to

diseases of the larynx. Dr Andrews brought one of
the first clinical lasers to the University of Illinois
where, in addition to animal experiments, he oper­
ated on hundreds of patients using the laser. Dr An­
drews helped surgeons in other specialties learn the

technique so that they could apply it to their own

practices. Because of his interest in the surgical laser
and his idea that its application to patients would
be improved by cooperation among various special­
ists in different institutions, Dr Andrews helped
found the Midwest Bio-Laser Institute. This multi­

disciplinary organization, of which Dr Andrews
had been president, has fostered laser research and
clinical application.

Throughout Dr Andrews's career, he was an in­
novator and leader. During World War II, he
served in the Navy where he helped set oxygen stan­
dards for naval flyers and encouraged the use of hel­
icopters for rescue missions and on hospital ships.

Following military service, Dr Andrews returned
to Chicago where he helped develop the special
high humidity-saturated room at Children's Me­
morial Hospital. Rooms of this type, and later croup
tents, were of great help to children in respiratory
distress. Dr Andrews's interest in the respiratory
tract was also reflected in membership in the
American College of Chest Physicians, of which he
was president from 1972 to 1973. He was very ac­

tive in the American Association for Respiratory
Therapy and the American Registry of Ventilation
Therapists in which he was president of the board
of trustees. He was an active member of the Ameri­
can Laryngological Association fromJ969. In 1981,
Dr Andrews received the Chevalier Jackson Award
of the American Broncho-Esophagological Associa­
tion. In addition to his many academic and profes­
sional society interests, Dr Andrews maintained a

private practice in several Chicago hospitals.
Dr Andrews will be remember with fondness by

many colleagues. His many past accomplishments
and his productivity since his retirement in 1975
will continue to inspire his former students, resi­

gents, and colleagues.
E.L.A.
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LAWRENCE R. BOIES
1898-1986

Lawrence R. Boies was born on November 7,
1898, in Renville, Minnesota, and soon moved to

Wisconsin where his father made cheese. Dr Boies
served in the US Army in World War I as a corps­
man. He received his BA from the University of
Wisconsin in 1922 and his MA from the same in­
stitution in 1923. For a short time between college
and medical school, he was an English teacher. He

graduated' from Columbia University College of

Physicians and Surgeons in 1926.

Love of the English language never left him. Un­
like so many educated Americans, he wrote concise­

ly and well, which may account for the success of
Boies' Fundamentals of Otolaryngology. Under his

authorship through four editions, it has been the
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most popular textbook in otolaryngology for medi­
cal students in the western world.

Dr Boies was in general practice from 1927 to
1929 during which time he was the team physician
for the Minneapolis Millers baseball team. He

played sandlot baseball as a young man, and this
sport was a lifelong love.

Dr Boies received his specialty training between
1929 and 1931 at the Massachusetts Eye and Ear In­

firmary under Harris P. Mosher. He went to the

University of Minnesota as a clinical instructor in
1931 and became the Director of the Department of

Otolaryngology in 1941. He was Professor and
Head of the Department of Otolaryngology from
1945 until 1967 , the year of his retirement from the

practice of medicine. Besides being an active clini­
cian and department head, he was a diligent con­

tributor to local, regional, and national organiza­
tions. He was president of most of our national
societies. He served as President of the. American

Laryngological Association in 1967. His contribu­
tions as President of the American Board of Oto­

laryngology from 1964 to i968 were very great.

Following his retirement, Dr Boies was Director
of Medical Affairs for the Deafness Research Foun­
dation from 1967 until 1971. He was the president
of the organization from 1970 to 1971.

Dr Boies married Louise in 1928, and they had
three sons. Dr Boies died on July 5, 1986, in Min­

neapolis. He is survived by his wife, two sons,
Lawrence R. Boies, Jr, MD, and David, a lawyer,
and three grandchildren.

Dr Boies will be remembered with affection by
his many students for his diligent teaching and the
twinkle in his eyes, and throughout our country by
his colleagues for his many years of work to advance
otolaryngology within organized medicine.

A.J.D.
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FRANCIS W. DAVISON
1903-1987

Dr Francis W. Davison died February 5, 1987, at

the Geisinger Medical Center, Danville, Penn­

sylvania, where he had been a staff member for
more than 55 years. He was 84 years of age.

A 1928 graduate of the University of Pennsyl­
vania School of Medicine, Dr Davison served both
his internship and residency at what was then the
George F. Geisinger Memorial Hospital. In 1936,
he was named Director of the Department of Oto­

laryngology and Bronchoesophagology at the Gei­

singer Medical Center, Danville, a position he held
until 1964. Since that time, he had been a senior
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consultant in the Department of Otolaryngology­
Head and Neck Surgery.

The author of some 75 scientific papers, Dr
Davison had distinguished himself in leadership
roles throughout his career. In 1955, he served as

Chairman of the Section of Laryngology, Otology
and Rhinology of the American Medical Associa­
tion. He was President of the American Broncho­

Esophagological Association in 1959 and was Presi­
dent of the American Laryngological, Rhinological
and Otological Society in 1966. In 1969, he was

elected President of the American Laryngological
Association.

Dr Davison was a life member of the American
Academy of Otolaryngology-Head and Neck Sur­

gery, a Meritorious Member of the Pennsylvania
Academy of Ophthalmology and Otolaryngology,
and an Honorary Member of the American Acad­
emy of Otolaryngic Allergy. He was named the re­

cipient of the Chevalier Jackson Award of the
American Broncho-Esophagological Association in

1977, the Newcomb Award of the American Laryn­
gological Association in 1975, the Philadelphia
Laryngological Society Award in 1969, and the
Award for Distinguished Services from the Ameri­
can Academy of Ophthalmologic and Otolaryn­
gologic Allergy in 1970, and was twice named the
Guest of Honor at the Pennsylvania Academy of
Ophthalmology and Otolaryngology.

The F. W. Davison Library and Conference
Room at the Geisinger Medical Center in Danville is
named in his honor.

Dr Davison is survived by his wife of 58 years, the
former Margaret Vaughan Smith, four grand­
daughters, and three greatgrandsons. His daughter,
Dr Joan Dudley Davison died in 1961, and his son,
Dr Richard Alvin Davison, a colonel in the US Air
Force Medical Corps, died in 1974.

D.P.V.



JAMES T. KING
1912-1986

James T. King died July 3, 1986, at his home in
Atlanta after a long illness.

He was born in Quitman, Georgia, on March 24,
1912. He received his undergraduate degree from
Emory University in 1932 and subsequently gradu­
ated from the Medical College of Georgia in 1936.
He completed his internship and otolaryngologic
residency training at Grady Memorial Hospital in
Atlanta in 1939. For a little over a year, he prac­
ticed otolaryngology in Valdosta, Georgia, but in
1940 he joined the US Army in which he served un­

til 1945. Two and one-half years of his military ser­

vice were spent in the Southwest Pacific Theater.

In 1945 he returned to Atlanta, to the private
practice of otolaryngology and was appointed Assis­
tant Professor of Surgery and Assistant Professor in
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Otolaryngology at Emory University, which posi­
tion he held until his death. He was certified by the
American Board of Otolaryngololgy in 1946. He
was injured in an automobile accident in February
1972, which resulted in a paralyzed left shoulder
and prevented his continuation in active practice.

Dr King was a member of numerous medical so­

cieties including the American Laryngological Asso­

ciation, and the American Laryngological, Rhino­
logical and Otological Society, of which he was

Vice-President of the Southern Section in 1958 and
Secretary from 1961 to 1965. He was also Secretary
from 1961 to 1964, and in 1964 to 1965 he was Pres­
ident of the Georgia Society of Ophthalmology and
Otolaryngology. He was Chief of Ear, Nose, and
Throat (1968), Chairman, Executive Committee
(1971-1972), and Chief of Staff (1971-1972) of the
Atlanta Hospital. Dr King served on the active staff
of Georgia Baptist, Atlanta, Doctors' Memorial,
West Paces Ferry, Metropolitan Eye and Ear, Clay­
ton General, Grady, and Crawford W. Long hospi­
tals in Atlanta.

Dr King made numerous contributions to the
medical literature in otolaryngology and was recog­
nized as an authority on techniques of tonsillectomy
and adenoidectomy and the management of the
complications of this surgery. He gave courses at the
American Academy of Ophthalmology and Otolar­
yngology's annual meetings for a number of years
and was a guest lecturer for the New England Socie­
ty of Otolaryngology and other regional societies.

Dr King was a member of the Trinity Presbyter­
ian Church in Atlanta. He traveled extensively in

Europe and was an authority on the wines of
France, Italy, and Germany. His hobbies included
photography, jogging, bicycling, and mechanical
maintenance of his Rolls Royce automobile.

He is survived by his wife, the former Lavonia
Foster of Atlanta; two children, James T. King, Jr,
of Portland, Oregon, and Sue King Ellsworth of
Atlanta, six grandchildren, and a brother, Ray­
mond P. King of Tampa, Florida.

C.L.P.
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LAWRENCE C. McHENRY
1901-1985

Lawrence C. McHenry was born on August 23,
1901, in Princeton, Missouri. His early education
was completed in Oklahoma City. Dr McHenry
earned an AB degree from DePauw University,
Greencastle, Indiana. He graduated from Harvard
Medical School in 1925 and took a 2-year rotating
internship at the Brooklyn Hospital. He studied at

the University of Pennsylvania Graduate School of
Medicine and the Chevalier Jackson Bronchoscopic
Clinics from 1927 to 1928. He was a Diplomate of
the American Board of Otolaryngology.
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Dr McHenry practiced in Oklahoma City from
1929 to 1970. He was a member of the medical
staffs of the St Anthony's Hospital, Wesley (later
Presbyterian Hospital), and Mercy Hospital.
Throughout his career he was active in the teaching
program of the Department of Otorhinolaryngolo­
gy of the University of Oklahoma Health Sciences
Center. Dr McHenry was a dedicated physician and
a good teacher; he was promoted to Professor in the
1950s. Integrity was one of his outstanding charac­
teristics. He exerted a great deal of influence on the
teaching program at the University of Oklahoma,
was instrumental in the founding of the Oklahoma
Medical Research Foundation, and served on the
Board of Directors of the Oklahoma Blue Cross/
Blue Shield for many years.

Chester McHenry's leadership was recognized
widely. He served as President of the Oklahoma
City Academy of Medicine and the Oklahoma State
Medical Association and as Vice-President of the
Middle Section of the Triological Society. He was a

Fellow of the American College of Surgeons and a

member of the American Broncho-Esophagological
Association.

Dr McHenry was married in 1923 in North Con­
way, New Hampshire, and had a son, Larry, who
was named for him. In 1933, his wife died, and in
1934 he married Maryellen Childers in Homewood,
Illinois. A son, Patrick Earl McHenry, was born of
this union. Lawrence C. McHenry, Jr, became a

distinguished neurologist and died several months
before his father's death. Mrs McHenry died several
months after Dr McHenry's death, which occurred
on June 8, 1985, in Oklahoma City. He is survived
by Patrick and his sister, Florence Mee, of Okla­
homa City.

Chester McHenry will be remembered by all of
his colleagues as a devoted and loyal friend.

E.A.W.



JOHN J. O'KEEFE
1909-1985

John J. O'Keefe died on November 8, 1985, at the

age of 76. A native Philadelphian, his undergrad­
uate education was obtained at St Joseph's College.
His entire professional career was spent at Jefferson
Medical College of Thomas Jefferson University ex­

cept for service in the European Theatre in World
War II from 1942 to 1945 as a major in the medical

corps of the US Army Air Force. He joined the

faculty of Thomas Jefferson University in 1941 and
advanced academically through the ranks until he
was named Professor in 1968 and Chairman of the
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Department of Otolaryngology from 1973 to 1975.

He received the first Ross V. Patterson Fellowship
in Bronchoesophagology, 1939-1940, and then be­
came an assistant to Dr Louis H. Clerf, whose influ­
ence he cherished throughout his lifetime.

A keen clinician, he maintained an active private
practice concerned primarily with laryngology and
bronchoesophagology. Along with his duties at Jef­
ferson, he was also busy as consultant in laryngolo­
gy and bronchoesophagology at Nazareth, Miseri­
cordia, and St Joseph's Hospitals in Philadelphia,
Our Lady of Lourdes Hospital in Camden, New
Jersey, and the Veteran's Administration hospitals
in Coatesville, Pennsylvania, and Wilmington,
Delaware.

He was a frequent contributor to the medical lit­
erature with 35 articles and 22 chapters in books.
His national society affiliations included the Ameri­
can Academy of Otolaryngology-Head and Neck
Surgery, American Broncho-Esophagological Asso­
ciation, American College of Chest Physicians,
American College of Surgeons, American Laryngo­
logical, Rhinological and Otological Society,
American Thoracic Society, and the American La­
ryngological Association.

Long membership on the executive committee of
the alumni association of Jefferson Medical College
was highlighted by acting as agent of his class of
1937 for the annual giving fund.

In vacation periods and summers, he enjoyed the
south New Jersey seashore, and his favorite ac­

tivities were boating and offshore fishing.
His wife, Virginia, predeceased him by just sever­

al months. Surviving are twin sons and three other
children.

F.J.P.
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FRANCIS A. SOOY
1915-1986

One of our most honored otolaryngologists, Fran­
cis A. Sooy, MD, died in a private plane crash on

Sept 12, 1986, in the small Sacramento-San Jo­
aquin River delta town of Rio Vista. It was an un­

timely death for this accomplished, adventuresome,
and busy man. At age 71, he was in excellent health
and had a boundless schedule of activities, in­

cluding a busy otological practice, regular atten­

dance at clinics at San Francisco General Hospital
and at the University of California Hospital, the
assembly of a mid-1930 replica of an Auburn speed­
ster in his basement, the maintenance and riding of
a stable of antique motorcycles that he had restored
in previous years, the antique World War II Stear­
man biplane that he had restored to museum-piece
specifications and that he frequently flew, season

tickets fOT- the football games of his beloved Univer­

sity of California Bears, fund raising and ad­
ministrative consulting roles for the University of
California, and his family life with his wife, Betty,
and his five children, all of whom live in the Bay
area. On the other hand, Dr Sooy loved flying and
he loved machinery; he knew the risks and limita­
tions of both and discussed these freely and pro­
phetically with his friends and colleagues on many
occasions. Dr Sooy was both a realist and a

dreamer. Very few of us will dream such magnifi­
cent dreams nor will we make as many of them hap­
pen as did Frank Sooy. And very few of us his age or

younger will pass from this earth with a busier
agenda than he had.
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Dr Sooy was a Californian first, last, and always,
except for 2 years of active duty and combat service
with the Navy during WW II and his years of oto­

laryngology residency at Washington University in
St Louis in the 1940s. He was born in 1915 in the lit­
tle southern San Joaquin valley town of Coalinga in
the heyday of the early discovery and development
of oil in the Bakersfield-Kern County area.

His father, an engineer, was graduated from the

University of California at Berkeley, worked for the
Standard Oil Company of California, and died of
tuberculosis when Dr Sooy was only 3 years old,
leaving Mrs Sooy, who returned to teaching school,
to raise Frank and his younger brother through the
difficult Depression years. Despite these hardships,
Dr Sooy went on to become a Phi Beta Kappa mem­

ber at the University of California at Berkeley, and

subsequently at the University of California at San
Francisco School of Medicine he was elected to

Alpha Omega Alpha. His younger brother gradu­
ated from the US Naval Academy at Annapolis and
died in action during WW II.

Following duty with the Navy in WW II, Dr

Sooy entered private practice in San Francisco and

joined the clinical faculty of the University of
California at San Francisco. In 1958 he succeeded
Lewis Morrison, MD, as Chairman of the Division
of Otolaryngology at UCSF. Shortly thereafter he

joined the full-time faculty at UCSF and moved his
practice to the university campus. In 1967, he suc­

cessfully petitioned for independent departmental
status for otolaryngology at UCSF. During his
tenure as program chairman, Dr Sooy built the pro­
gram of his dreams by installing a full-time research
laboratory service, a full-time speech and hearing
science PhD program, and a clinical otolaryngology
department that was broadly based in the modern
aspects of the field.

During these same years Dr Sooy had great
dreams for the university. The "turbulent 1960s"
were difficult times for the university with much
student and general public unrest. As Dr Sooy be­
came increasingly involved in faculty and universi­

ty committees and governance, his skills and credi­
bility as an arbitrator, administrator, and leader
became widely recognized, and in 1969 he was

elected Chairman of the Assembly of the Academic
Senate of the combined faculties of all campuses of
the university. His quietly effective and mature
manner in this role brought greater stability to the
faculty and its relationship with the university
leadership and legislature, and led to his becoming
the overwhelming choice of the Regents in 1972 as

the Chancellor of the UCSF campus.

During his 10 years as chancellor, Dr Sooy was

responsible for a major expansion and moderniza­
tion of the physical facilities including a new School
of Dentistry and a major new hospital addition.
During these same 10 years, UCSF achieved preem-



inence as a health science research institution. Dr

Sooy also made great strides at weaving the univer­

sity into the social, economic, and political fabric of
the greater San Francisco community.

Throughout his remarkable academic and profes­
sional career, Dr Sooy's first love was always the
specialty of otolaryngology. Even when he was

chancellor of the UCSF campus, he maintained of­
fice hours and a regular surgical schedule, working
Saturday mornings in the office and Saturday after­
noons in the operating room to minimize any in­
terference his practice might have upon his week­
day responsibilities as chancellor. He was a superb
otologist and a model physician. His patients loved
him and his colleagues had the utmost respect for
his skill and judgment. Dr Sooy was a member of
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most of our major specialty societies and was presi­
dent of many, including the Triological Society, the
American Otological Society, the Society of Univer­

sity Otolaryngologists, and the Collegium- Oto­

Rhino-Laryngologicum Amicitiae Sacrum. He served
as a member of the Board of Directors of the Ameri­
can Board of Otolaryngology for many years.

Frank Sooy has been referred to as a Renaissance
man and a man for all seasons. He did indeed have

many interests and many talents. He gave greatly of
himself to his patients, to his students, to otolar­

yngology, and to his alma mater in ways that very
few are privileged toserve, He will be missed by all
who were fortunate enough to know him.

R.B.
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GABRIEL F. TUCKER, JR
1924-1986

Gabriel F. Tucker, Jr, a Fellow and Past Presi­
dent of the American Laryngological Association,
died in Chicago on December 8, 1986, following a

prolonged illness that terminated a distinguished
and diverse career.

His early education was at Waldron Academy
and Haverford School. College years at Princeton
were interrupted by service as a line officer in the
Navy from 1943 to 1946. After graduating from
Princeton in 1947, he enrolled at Johns Hopkins
School of Medicine, where he graduated in 1951.
Internship and residency training were at the Grad­
uate Hospital of the University of Pennsylvania,
where his father, Gabriel F. Tucker, 'Sr, a distin­
guished longtime associate of Chevalier Jackson,
had succeeded Dr Jackson as Chairman of the De­
partment of Broncho-Esophagology .and Laryngeal
Surgery.-He also trained at the Children's Hospital
in Philadelphia and The Johns Hopkins Hospital.

Following 3 years at the University of North Car­
olina in. the Departments of Surgery and Otolaryn­
gology, he returned to Johns Hopkins as Assistant
Professor of Laryngology and Otology; here he was

associated with Edwin Broyles and assisted in the
further development of the Broncho-Esophagology
Clinic.
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Dr Tucker joined the Department of Broncho­
Esophagology and Laryngology (Chevalier Jackson
Clinic) at Temple University in 1962. Having
modified techniques for serial section of the tem­

poral bone for application- to the larynx, he became
a pioneer in coronal section research relating to the
spread of cancer of the larynx; the same techniques
were applied to embryologic and developmental as­

pects of laryngeal anatomy. In addition to clinical
work at Temple, he supervised the pediatric divi­
sion of the Chevalier Jackson Clinic at St Chris­

topher's Hospital and collaborated in the intensive

postgraduate courses in bronchoesophagology at the
Jackson Clinic. In 1975 he was invited to be Head of
the Division of Otolaryngology and Department of
Communication Disorders at Children's Memorial
Hospital in Chicago and Professor of Otolaryngolo­
gy and Maxillofacial Surgery at Northwestern Uni­

versity, positions which he retained until his death.

Dr Tucker was active in all of our societies and
served with distinction in official capacities in many
of them. Having been Historian-Editor of the
American Laryngological Association for 7 years,
he was President from 1984 to 1985. He was Presi­
dent of the American Council of Otolaryngology
(1974-1975) and of the American Broncho-Esopha­
gological Association (1973-1974), Executive Secre­
tary-Treasurer of the International Broncho-Esoph­
agological Society beginning in 1983, and a Found­
ing Fellow of the Section on Otolaryngology and
Broncho-Esophagology of the American Academy
of Pediatrics. He was an Honorary Member of the
Irish Otolaryngology Society, the Australian Oto­

laryngology Society, the Columbian Otorhinolar­
yngological Society, and a Fellow of the Royal Soci­
ety of Medicine, London.

As a productive author, he contributed much to

the basic as well as the clinical science of the spe­
ciality, especially in the fields of cancer of the lar­
ynx and pediatric endoscopy. Skilled in his clinical
work, diligent in his research, and dedicated in his
teaching, Gabriel also had the personal qualities of
tolerance, patience, and sympathy.

Devoted to family as well as to his profession, he
shared with Mary the joys and responsibilities of six
fine children. His philosophical acceptance of the
inevitable and his courage in facing the relentless
progression of his disease enabled him to continue
his work until nearly the end. We are all enriched
by the legacy of his life and accomplishments.

C.M.N.



PIERRE P. VIOLE
1896-1986

Pierre P. Viole was born in Los Angeles in 1896.
He was the grandson of the first English-speaking
physician in Los Angeles. He graduated from Los
Angeles High School in 1914 and served in the Army
Medical Corps during World War 1. He completed
his medical studies at Los Angeles College of Physi-
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cians and Surgeons, which later became the Univer­

sity of Southern California School of Medicine. Dr
Viole took his internship at Los Angeles County
Hospital and his residency in otolaryngology at

Bellevue Hospital in New York.

He returned to Los Angeles in 1924 and began his

practice; he retired 37 years later in 1961. During
his long practice, he became a clinical professor of

otolaryngology at the University of Southern Cali­
fornia School of Medicine and was continuously on

the attending staff at the Los Angeles County
Hospital and the Los Angeles Children's Hospital.
Dr Viole served as Chief of Staff at the French Hos­

pital in Los Angeles. He was a founding member
and President of the Research Study Club of Los

Angeles and President of the Los Angeles Oto­

Ophthalmological Society. Dr Viole became a

member of the Triological Society in 1932. He was

elected to active Fellowship in the American Laryn­
gological Association in 1941.

Dr Viole contributed to our literature on the
surgical treatment of deafness; the treatment of

streptococcal infection; and the causes and surgical
treatment of facial paralysis, carotid body tumors,
and schwannomas of the pharynx.

Dr Viole died on April 4, 1986, at 90 years of age.
He will be remembered as a fine, charming man

and a distinguished physician. He is survived by his
wife, Edith Taix Viole; a son and physician, Ar­
mand Viole; a daughter and professor of medical
history at the University of California at Los Ange­
les, Ynez Viole O'Neill, and a sister, Andrea Viole

Floyd.
J.B.S.



ROSTER OF FELLOWS
1987

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 - 99

1987 Adkins, Warren Y., Jr, Med Univ of SC, 171 Ashley Ave,
Charleston, SC 29425, 1987.

1974 Alford, Bobby R, 1200 Moursund Ave, Houston, TX
77025, 1974, '78, '80-'83, '85-87.

1984 Applebaum, Edward L., 1855 W Taylor St, Chicago, IL
60612, 1984-'87*.

1975 Bailey, Byron J., Dept of Otolaryngol, UTMB, Galveston;
TX 77550, 1975, '76* -'78, '81, '82, '84-'87.

1987 Baker, Shan R, Univ of Mich Hosp, 1405 E Ann St, Ann

Arbor, MI 48109, 1987.

1970 Ballenger, John J., 723 Elm St, Winnetka, IL 60093,1971-
'87.

1963 Baxter, James D., 687 Pine Ave West, Montreal, 112, P.Q.
H3A lAl, Canada, 1963, '65*-'74, '76-'80, '82, '85-'87.

1975 Biller, Hugh F., Mt Sinai Hosp, 100th St & Fifth Ave, New

York, NY 10029, 1975-'77*, '78*, '79*, '80*, '81 *, '82*,
'83*, '84*, '85, '86*, '87*.

1977 Blaugrund, Stanley M., 115 E 61st St, New York, NY

10021,1977-'84*, '85-'87.

1987 Blitzer, Andrew, Columbia Univ, 630 W 168th St, New

York, NY 10032, 1987.

1975 Boles, Roger, Dept of Otolaryngol, Univ of California, San
Francisco, CA 94122, 1975-'82, '84-'87.

1984 Bone, Robert C., 10666 N Torrey Pine Rd, La Jolla, CA
92037, 1984, '86*.

1959 Brewer, David W., 1100 E Genesee St, Syracuse, NY
13210,1959, '60*, '61, '62*, '63, '66, '70, '73, '74*, '77, '80,
'81, '83, '85.

1976 Briant, T. David R, St Michael's Hosp, 30 Bond St,
Toronto, Ont M5B lW8, Canada, 1976, '77, '78, '80-'82,
'85-'87.

1963 Bryce, Douglas P., O.P.D. Toronto General Hosp, Toron­
to, Ont M5G lL7 Canada, 1963*, '64, '66*, '67*, '68*­
'79*, '81, '83-'87*.

1979 Calcaterra, Thomas C., UCLA Med Ctr, Los Angeles, CA
90024, 1979, '85, '87.

1985 Canalis, Rinaldo F., UCLA Head and Neck Surg, 10833
LeConte, Los Angeles, CA 90024, 1985.

1976 Cantrell, Robert W., Univ of Virginia Med Ctr, Char­
lottesville, VA 22901,1976, '77*-'80*-'82-'84*-'87.

1968 Chandler, J. Ryan, 1700 NW 10th Ave;Miami, FL 33136,
1968;-'69* -'79* -'82-'84 * -'87.

1985 Chodosh, Paul L., 800 Westminister Ave, Hillside, NJ
07205, 1985, '86.

1967 Cocke, Edwin W., Jr, 920 Madison, Memphis, TN 38103,
1967-'70, '72, '74-'78, '80, '82, '84, '86, '87.

1964 Cody, Claude C. III, 529 E Friar Tuck, Houston, TX

77024, 1964, '65, '67, '69, '71, '73, '77-'79, '81, '83-'85, '87.

1971 Cohen, Seymour R., 1300 N Vermont Ave, Los Angeles,
CA 90027, 1971, '72*, '73*-'75*, '76*-'78*, '80*, '81*,
'82*, '83*, '84-'86*, '87*.

1984 Crumley, Roger L., 350 Parnassus 501, San Francisco, CA
94117,1984*, '86, '87.

1980 Cummings, Charles W., Dept of Otolaryngol, Univ of

Washington, Seattle, WA 98195, 1980-'82*, '83* -'87.

1973 Dedo, Herbert H., Univ of California S.F., School of Med,
3rd and Parnassus, San Francisco, CA 94143, 1973* -'75*,
'76* -'79* -'82* -'84 *, '86*, '87.

1984 DeSanto, Lawrence W., 200 First St, Rochester, MN

55905, 1984.
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