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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.



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 Violé 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 of 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 of 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

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
1987 1986
Current Assets:

@ash 7 e s dd e i $ 60,476 $128,127
Money MarketFund .................. 159,729 5,027
Accounts.receivable ..o 2,196 8,442
Bepositst r st o s S s e — 508
USHreasunyinotesss v o e — 64,978

Marketable securities:

Common stocks, at cost (market value
$40,815:and $39,255) < Lol 19,355 13,980
TotaliAssetsiel s 7ok st iyl s i oot s 241,756 221,062
LIABILITIES AND FUND BALANCES

Accounts payable e o ia e o — 1,762
Prepaididuesineomer it F ki G — 3,450
— 5,212
Eund Balance: 5 = $241,756 $215,850

See accompanying notes to financial statements.

STATEMENTS OF ACTIVITY AND CHANGES
IN FUND BALANCE
FOR THE YEARS ENDED MARCH 31, 1987 AND 1986

1987 1986
Revenues:
IDIVC e e e e $17,593 $ 17,625
Tickets — annual meeting . ............ 8,385 7,650
Tickets — COSM society’s distribution . . 9,680 719
Salelof:publicationsi -0 sy & o e 2,177 2,036
Donationstys & 2o b coti mu g o 15,385 125
53,220 28,155
Expenses:
Annual meeting and banquet. .......... 17,573 ... 12,475
Council travel and expense. ............ 3,837 4,919
General and administrative expense . . . . . 16,513 13,235
Research conference expense ........... 2,250 - -
Bund expensesis = coemm e e s A 2,025 3,232
Miscellaneous: %5 sitioii, Sl sseeiae . © 20 —
42,218 33,861
Excess of Revenues over Expenses .. ....... 11,002 (5,706)
Investmentidincome = &0 s 14904 20,168
Excess of Revenues and Investment
Income over Expenses .. . . o 25,906 14,462
Fund Balance, beginning of year ......... 215,850 201,388
Fund Balance, endofyear ............... $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

Market
Cost Value
Stocks
American Telephone &

Telegraph 200 shares $ 3,093 $ 4,725
Ameritech 20 shares 15122 1,808
Bell Atlantic* 40 shares 1,138 2,700
Bell South 60 shares 1,471 2,385

IBM 40 shares 1,321 6,005
McDonnell Douglas 165 shares 1,194 12,891
Mclntyre Mines Ltd 15 shares 675 486
Nynexf 40 shares 1,068 2,646
Pacific Telesis§ 40 shares 897 1,066
Southwestern Bell$ 20 shares 1,030 2,343
US Steel (USX) 250 shares 5,375 7,031
US West 40 shares 971 2,200

$19,355 $46,286
*2 for 1 split, March 12, 1986. —_——

12 for 1 split, March 20, 1986.
$2 for 1 split, March 28, 1986.
$2 for 1 split, Feb 7, 1986.

See accompanying notes to financial statements.
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SCHEDULE OF INDIVIDUAL TRUST FUNDS FOR THE YEAR ENDED MARCH 31, 1987

Receipts
Fund Balance Investment Fund Balance

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

Daniel C. Baker, Jr, Memorial Fund $ 34,482 S $ 2,475 $ 2,475 $( 2,025) =t $ 34,932
@asselberrysBund & iaas v 19,226 — 1,383 1,383 — — 20,609
JohnsteniBund#e - e pei o B 19,136 — 1,383 1,383 — — 20,519
BeRoaldesiBund: &ids - o0 0 o 10,816 — 786 786 = = 11,602
Newcomb Trust Fund ............ 7,508 — 539 539 — — 8,047
Newcomb Prize Fund ............. 1,746 — 131 131 .. — 1,877
Researchi/Bund: - -z 0o h s 79,197 150 5,719 5,869 — $ 2,140 87,206
Memorial ' Bundc i e i 29,465 225 2,140 2,365 = (2,140) 29,690
Gabriel F. Tucker Fund ........... = 9,635 — 9,635 = = 9,635
Subtotals sl s el o 201,576 10,010 14,556 24,566 ( 2,025) = 094 A1i1T
Eeneral Fund 20 e: s o 14,274 43,210 348 43,558 (40,193) — 17,639
Totalrsn S deaiensn 0 i v $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 of 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-

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
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PRESIDENTIAL REMARKS
FABRICIUS OF AQUAPENDENTE

LoRrING 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.°

From the Department of Otolaryngology-Head and Neck Surgery, The Johns Hopkins Medical Institutions, Baltimore.
Presented at the meeting of the American Laryngological Association, 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.

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."?

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 beyond the call of duty in producing a

THruxva ANATOMICVAM

Fig 3. Dissection amphitheater.?

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.*

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),° 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,® 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 Larynge, Vocis Instrumento (De
Voce, De Visione, De Auditu) (1600); Tabulae Ana-
tomicae (1600); De Brutorum Loquela (1603); De
Venarum Ostiolis (1603); De Musculo Artificio, 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
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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.?

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.’

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 perish!

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-
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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
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 Keim
had just left Memorial to practice in Newark; Dr
Martin needed someone to replace Keim, and John
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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
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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.

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

JonN 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.
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Hayes Martin’s office was a veritable mecca for
head and neck cases from all over 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.



BIOGRAPHY OF GABRIEL F. TUCKER, SR

JoHuN 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.
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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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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
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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. Heis 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
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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.



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
Gabe’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.

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-
nia, in 1986. I am honored to have been elected the
society’s founding president. Although in its infan-
cy, the society will grow and develop; yet like the
young still will remain somewhat dependent on its
parent societies, including the important American
Laryngological Association. Pediatric otolaryngolo-
gy has stimulated great interest and has been ac-
cepted by the older, more established specialty or-
ganizations of otolaryngology.

The name Tucker is indelibly etched in the annals
of laryngology, bronchoesophagology, and pediat-

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 Gabe’s usual pacing in these
auditoriums, and John will miss his “pointer.”

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.

The Section on Otology, Rhinology, and Laryn-
gology received independent status in the American
Medical Association in 1888. Surprisingly enough,
membership was open to all members of the Ameri-
can Medical Association. Early leaders in the devel-
opment of otolaryngology as a specialty founded
institutions for the care of the eye and ear diseases.
Other pediatric specialties also developed during
this period, and it is strange that there were no spe-
cialized arrangements made in these institutions to
cooperate with pediatric divisions. While children’s
hospitals had divisions of otolaryngology, there
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.

24



Response of Gabriel F. Tucker Award Recipient 25

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 developing pediatric 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.

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, Paul H. 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, St, 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
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!
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*Johns Hopkins, Baltimore. Magnification of bronchial telescopy. Chief of Bronchoscopic Clinic 1959-1962.
fColumbia University. Professor of Physicians and Surgeons until 1974.
$In 1930, graduated from Women’s Medical College. Chief of Laryngology 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 University 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 a priority, and with these changes I noted
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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, Gerald 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-

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 carry on 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, my asso-
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
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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 WORDS — 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 accessory
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 PCA 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.!*
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 PCA 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 PCA 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) Ilustration 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

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 (Fig 1A). 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 PCA 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 PCA muscle were incised while main-
taining the continuity of the deep fibers. The pedi-
cle was apposed to the prepared fibers of the PCA
muscle and secured with two 8.0 nylon sutures (Fig
1B). 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.

cm 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 0.1-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 (E1 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 (C1 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 um thick at 1-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.

Prior studies employing the glycogen depletion
technique to map motor units have relied exclusive-
ly on 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 1-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

Vocal Cord Abduction

Animal Spontaneous After Stimulation Glycogen Depletion
Experimental
El Absent Not Tested No
E2 Absent Not Tested NS
E3 Absent Not Tested Yes
E4 Absent Present Yes
E5 Absent Present No
E6 Absent Absent No
E7 Absent Absent No
Control
Cl Absent Present
C2 Absent Present

NS — not statistically significant.

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 (C1 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 PCA
muscle. The mean optical density for E4 was 0.038
for the NMP-supplied muscle, and 0.056 for the
contralateral PCA muscle. Analysis of variance con-
firmed that the differences in mean values between
the paired PCA 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 PCA
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 PCA
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,*¢
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 PCA 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
Cl1 0.053 0.022
C2 0.048 0.018

Optical density recorded as percent absorption.
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and Gacek' 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.??

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
characteristics are capable of a high degree of plas-
ticity and will adapt to a new source of innerva-
tion.?*-** 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.?¢

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, but not in normally innervated muscle, has
been well established.?”->* 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 sprouting (nerve outgrowth
from adjacent axons).?*° Since denervation studies
recently have shown that the growth patterns and
rates for foreign nerves and axonal sprouts are very
similar,? 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.’'** 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.3!-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.®*3* A second limitation
recently proposed is the connective tissue between
the muscle fascicles, which may act as a physical
barrier to nerve growth.%

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 Gacek’ and Teig et al®*® 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.®” 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
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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Frequency %

Fig 4. Frequency distribution of
glycogen content (optical density,
recorded as percent absorption) in
reinnervated posterior cricoaryte-
noid muscle fibers of successfully
reinnervated experimental cats and A
of control group. Note high per-
centage of depleted fibers (low-
optical density intervals) in experi-
mental animals representing areas
of known reinnervation. A) Exper-
imental animal E3. B) Experimen-
tal animal E4. C) Control animal
Cl1. D) Control animal C2.
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C

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
the NMP.

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 EMG?® 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.®

04 .05 A06 0 .01 .03 .04 .05 .06

Optlcal Density Interval

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 E1, 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,"® 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.

ACKNOWLEDGMENTS — The authors thank Joanne Phelan for her help in the preparation of the manuscript, Martha Hefner for the graphic illustra-

tions, and Dr James Brower for his guidance in the statistical analysis.

REFERENCES

1. Woodman DG. A modification of the extralaryngeal ap-
proach to arytenoidectomy for bilateral abductor paralysis. Arch
Otolaryngol 1946;43:63-5.

2. Malmgren LT, Lyon M], Gacek RR. Localization of ab-
ductor and adductor fibers in the kitten recurrent laryngeal
nerve. Exp Neurol 1977;55:187-98.



Fata et al, Histochemical Study of Reinnervation by Nerve-Muscle Pedicle 37

3. Doyle PJ, Brummett RE, Everts EC. Results of surgical
section and repair of the recurrent laryngeal nerve. Laryngoscope
1967;77:1245-54.

4. Hengerer AS, Tucker HM. Restoration of abduction in the
paralyzed canine vocal cord. Arch Otolaryngol 1973;97:247-50.

5. Tucker HM. Human laryngeal reinnervation. Laryngo-
scope 1976;86:769-99.

6. Lyons RM, Tucker HM. Delayed restoration of abduction in
the paralyzed canine larynx. Arch Otolaryngol 1974;100:176-9.

7. Tucker HM. Human laryngeal reinnervation: long-term
experience with the nerve-muscle pedicle technique. Laryngo-
scope 1978;88:598-604.

8. Crumley RL. Experiments in laryngeal reinnervation. La-
ryngoscope 1982;92(suppl 3).

9. Neal GD, Cummings CW, Sutton D. Delayed reinnerva-
tion of unilateral vocal cord paralysis in dogs. Otolaryngol Head
Neck Surg 1981;89:608-12.

10. Rice DH, Owens O, Bunnstein F, Verity A. The nerve-
muscle pedicle. Arch Otolaryngol 1983;109:233-4.

11. Biller HF, Lawson W. Arytenoidectomy, arytenoidopexy,
and the valved tube. In: Snow JB Jr, ed. Controversies in otolar-
yngology. Philadelphia: WB Saunders, 1980:37-42.

12. Anonsen CK, Patterson HC, Trachy RE, Gordon AM,
Cummings CW. Reinnervation of skeletal muscle with a neuro-
muscular pedicle. Otolaryngol Head Neck Surg 1985;93:48-57.

13. Broniatowski M, Kaneko S, Jacobs G, Nose Y, Tucker HM.
Laryngeal pacing: theoretical and practical considerations. In:
Baer T, Sasaki C, Harris K, eds. Laryngeal function in phonation
and respiration. San Diego: College-Hill Press, 1987:120-30.

14. Edstrom L, Kugelberg E. Histochemical composition, dis-
tribution of fibres and fatiguability of single motor units. ] Neurol
Neurosurg Psychiatry 1968;31:424-33.

15. Dubowitz V, Brook MH, eds. Histological and histochemi-
cal stains and reactions. In: Muscle biopsy: a modern approach.
Philadelphia: WB Saunders, 1973:28.

16. Levine DN, Tsairis P, Zajac FE. Physiologic types and his-
tochemical profiles in motor units of the cat gastrocnemius. J
Physiol (London) 1973;234:723-48.

17. Brooke MH, Kaiser KK. Muscle fiber types: how many and
what kind? Arch Neurol 1970;32:369-79.

18. Burke RE. Motor units: anatomy, physiology and func-
tional organization. In: Brookhart JM, Mountcastle VB, Brooks
VB, eds. The motor units. 4th ed. Baltimore: Williams &
Wilkins, 1981:354-9, 386-90. (Geiger SR, ed. Handbook of physi-
ology; vol 2.)

19. Malmgren LT, Gacek RR. Histochemical characteristics of
muscle fiber types in the posterior cricoarytenoid muscle. Ann
Otol Rhinol Laryngol 1981;90:423-9.

20. Edstrom L, Lindquist C, Mortensson A. Histochemical
properties of intrinsic laryngeal muscle. In: Wyke B, ed. Venti-
latory and phonatory control systems. London: Oxford University

Press, 1974;392-407.

21. Mortensson A, Skoglund CR. Contractile properties of in-
trinsic laryngeal muscle. Acta Physiol Scand 1964;60:318-36.

22. Suzuki M, Kirchner JA. The posterior cricoarytenoid as an
inspiratory muscle. Ann Otol Rhinol Laryngol 1969;78:849-64.

23. Ellisman MH, Brooke MH, Kaiser KK, Rash JE. Appear-
ance in slow muscle sarcolemma of specializations characteristic
of fast muscle after reinnervation by a fast muscle nerve. Exp
Neurol 1978;58:59-67.

24. Pearse AGE, McConnell DG. Reversal of the enzyme pro-
files of muscle fibres in fast and slow muscles by cross-innerva-
tion. Nature 1966;5068:1369-70.

25. Buller AJ, Pope R. Plasticity in mammalian skeletal mus-
cle. Philos Trans R Soc Lond [Biol] 1977;278:295-305.

26. Hisa Y, Malmgren LT. Muscle fiber types in the human
sternothyroid muscle: a correlated histochemical and ultrastruc-
tural morphometric study. In: Baer T, Sasaki C, Harris K, eds.
Laryngeal function in phonation and respiration. San Diego: Col-
lege-Hill Press, 1987:29-44.

27. Aitken JT. Growth of nerve implants in voluntary muscle.
J Anat 1950;84:38-49.

28. Aitken JT. Problems of reinnervation of muscle. Prog
Brain Res 1965;14:233-62.

29. Brown MC, Holland RL, Hopkins WG. Motor nerve
sprouting. Ann Rev Neurosci 1981;4:17-42.

30. Moore RY. Regeneration in the mammalian nervous sys-
tem. Ann NY Acad Sci 1980;229:102-14.

31. Brown MC, Ironton R. Motor nerve sprouting induced by
prolonged tetradotoxin block of nerve action potentials. Nature
1977;265:459-61.

32. Duchen LW, Strich SJ. The effects of botulinim toxin on
the pattern of innervation of skeletal muscle in the mouse. Q J
Exp Physiol 1968;53:84-9.

33. Brown MC, Ironton R. Variations in the amounts and type
of a-motor neuron sprouting following partial denervation of dif-
ferent mouse muscles. J Physiol (Lond) 1978;284:177-8.

34. Thompson W, Janson JKS. The extent of sprouting of re-
maining motor units in partly denervated immature and adult rat
soleus muscles. Neuroscience 1977;2:523-35.

35. Kugelberg L, Edstrom L, Abbruzzese M. Mapping of mo-
tor units in experimentally reinnervated rat muscle. ] Neurol Neu-
rosurg Psychiatry 1970; 33:319-29.

36. Teig E, Dahl HA, Thorkelsen H. Actomyosin ATPase ac-
tivity of human laryngeal muscles. Acta Otolaryngol (Stockh)
1978;85:272-81.

37. Edstrom L, Kugelberg E. Histochemical mapping of mo-
tor units in experimentally re-innervated skeletal muscle. Experi-
entia 1969;25:1044-5.

38. Ellenbogen BG, Gerber TG, Coon RL, Toohill R]. Acces-
sory muscle activity and respiration. Otolaryngol Head Neck Surg
1981;89:370-5.



ACQUIRED SUBGLOTTIC STENOSIS IN CHILDREN

Francis I. CATLIN, MD, ScD
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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.

INTRODUCTION

Laryngotracheal stenosis is a not uncommon
complication of disease or trauma in children. Par-
kin et al' 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.”*®¢?* 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.” 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. Koenig® 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-
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Distribution of cases by age.
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nique. In 1927, Fairchild'* described a multistage
skin flap procedure that he attributed to Velpeau'?
(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 CO2 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 Rethi” or as modi-
fied by Grahne.**

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 Duration of Procedure(s)
No. (yr) Cause Tracheotomy Operative Procedure(s) Prior to Referral Final Outcome
Laryngeal (glottic/subglottic)
1 3 Prolonged intubation 2%, yr Endoscopy, laser, stent; LTP, Dilations Tracheotomy, treat-
costal cartilage graft (no stent) ment in progress
2 10 Prolonged intubation T, yr Endoscopy, laser, stent Dilations, hyoid in- Decannulation
terposition
3 19 Prolonged intubation 1Y, yr Endoscopy, laser, stent; LTP, Cordectomy Decannulation
costal cartilage graft
4 1", Prolonged intubation 1 mo None to date — Tracheotomy, treat-
ment in progress
5 10 Stenosis postirradiation, 4 yr Endoscopy, laser — Tracheotomy (glot-
mediastinal lymphoma tic scar)
6 2%, Prolonged intubation, 21 mo Endoscopy — Decannulation
cleft palate, small lar-
and mandible, bi-
ateral microtia
1 1%, Prolonged intubation 17 mo LTP Endoscopy Decannulation
8 10 Prolonged intubation 5yr Endoscopy, laser; LTP Laser Decannulation
9 8 Head trauma, prolonged 16 mo Endoscopy, laser Laser Tracheotomy, treat-
intubation ment in progress
10 1Y, Prolonged intubation, 11 mo Endoscopy Cricoid split Tracheotomy, treat-
small larynx ment in progress
11 3", Postintubation; respira- 3yr Endoscopy — Decannulation
tory complications
12 8 Prolonged intubation 7 yr LTP, costal cartilage graft, Endoscopy and dila- Decannulation
stent tions
13 5 mo Prolonged intubation 5 mo Endoscopy Cricoid split Tracheotomy, treat-
ment in progress
14 5 Gunshot wound to neck, 1lyr Endoscopy, removal of subglot- — Tracheotomy, treat-
right vocal cord paraly- tic granulomas ment in progress
sis, spinal cord injury
15 11 Prolonged intubations NT Multiple endoscopies, laser Laser, three times Asymptomatic
Laryngotracheal (glottic/subglottic/tracheal)
16 9 Prolonged intubation NT Endoscopy, laser — Asymptomatic
17 9 Prolonged intubation 8 yr LTP with costal cartilage Dilations Decannulation
graft twice, Rethi procedure
once, stent
18 8 Motor vehicle accident, 4, yr LTP with costal cartilage Dilations, hyoid in- Decannulation
prolonged intubation graft twice, Rethi procedure terposition
once, stent
Laryngotracheal (subglottic/tracheal)
19 2 Prolonged intubation 1yr LTP, costal cartilage graft, Dilations Decannulation
stent
20 18 Prolonged intubation 4 mo LTP, costal cartilage graft, — Decannulation
stent
21 10 Prolonged intubation 10 mo LTP, costal cartilage graft, Hyoid interposition =~ Decannulation
stent
22 9 Prolonged intubation 7 yr LTP, costal cartilage graft, Dilations Decannulation
stent
23 22 Prolonged intubation 10 mo LTP, costal cartilage graft, Laser Decannulation
stent
24 2 Prolonged intubation 1%, yr LTP, costal cartilage graft Dilations Decannulation
25 2 Prolonged intubation 1%, yr Endoscopy, removal of gran- — Decannulation
ulations
26 2 Prolonged intubation 1%, yr Endoscopy — Decannulation
27 1Y, Prolonged intubation 1lyr LTP, costal cartilage graft — Decannulation
28 8 mo Prolonged intubation 4 mo Endoscopy — Tracheotomy, treat-
ment in progress
29 1", Prolonged intubation 1% yr LTP, costal cartilage graft — Decannulation
Tracheal
30 1 Congenital stenosis of 4 mo Endoscopy — Tracheotomy, treat-
trachea ment in progress
31 2 Prolonged intubation, 2 yr LTP, costal cartilage graft — Trachectomy, treat-

first tracheal ring sub-
luxated beneath cricoid
cartilage

LTP — laryngotracheoplasty, NT — no tracheotomy.

ment in progress
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TABLE 3. SUMMARY OF CAUSES
OF SUBGLOTTIC STENOSIS

Cause No. Cases %
Prolonged intubation* 28 90
Congenital stenosis 1 3
Postirradiation scar 1 3
Neck trauma 1 3

Percentages are rounded.
*Two patients also had small larynges.

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.

TABLE 4. LOCATION OF STENOSIS

Location No. Cases %
No tracheotomy
Glottic/subglottic/tracheal 2 6
With tracheotomy
Glottic/subglottic 14 45
Glottic/subglottic/tracheal 2 6
Subglottic/tracheal 1l 35
Tracheal 2 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 CO2 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 L 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
Laryngotracheo-
;Y:sty 16 2 14*

*Two laryngotracheoplasties were performed in two cases.
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TABLE 6. SUMMARY OF OUTCOME

TABLE 7. DURATION OF TRACHEOTOMY

Outcome of Treatment No. Cases %

No tracheotomy/asymptomatic (laser for

severe stridor) 2/31 6
Tracheotomy during treatment 29/31 94
Decannulated 19/29 66
Tracheotomy with treatment in
progress 9/29 31
Tracheotomy preferred by patient 1/29 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, 2, and 3, 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-
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 CO2 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.

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.
In 12 of these patients, a Teflon stent of the
Aboulker type was used. Stents were removed 3
months after surgery. All patients received broad-
spectrum antibiotics until the 2-week follow-up ex-
amination after stent removal. Two patients re-
quired a second LTP to secure an adequate airway.
In these patients, a simplified Rethi procedure was
used to open the posterior midline of the cricoid car-

Duration
Mode of Treatment (mo)
Endoscopy + /— laser 33.5
LTP (overall) 35.5
LTP (from date of surgery to decannulation) 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.

On the basis of these observations, we conclude
that tracheotomy and endoscopic management of
patients with milder degrees of stenosis can result in
successful decannulation. When the stenosis is se-
vere or complicated, LTP with cartilage graft can
significantly shorten the duration of the tracheot-
omy. Selection of treatment must be individualized,
depending upon the clinical problem and the re-
sources for treatment.
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PHONATORY EFFECTS OF THYROID CARTILAGE FRACTURES

ROBERT B. STANLEY, JR, MD, DDS

DONALD S. COOPER, PHD

STEVEN H. FLORMAN, MD

Los ANGELES, CALIFORNIA

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 of phonation.
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.>¢ 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 mL/s) and sub-
glottal pressure (about 7 to 20 cm 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 Briiel & 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 (Briiel & 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

Larynx Fracture Status Condition (cm H20) (mL/s)  (Acoustic ?) (dB)
Canine ML, 1-mm separation Prefracture 19 136 137 75
Postfracture 9 142 60 56
Human ML, 1-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
Canine 5 mm from ML, overlapped Prefracture 11 125 91 77
Post/ant 12 125 98 72
Ant/post 14 1% 120 79
Human 10 mm from ML, overlapped Prefracture 6 133 47 64
Post/ant 6 125 48 62
Ant/post 10 142 71 68
Canine 11 mm from ML, overlapped Prefracture 8 125 64 72
Post/ant 6 117 51 67
Ant/post 9 117 1 70
Angulated, end-to-end contact maintained Prefracture 8 125 64 72
Postfracture 5 125 43 70

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 1-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 2 =1 [dyne/cm?]/[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 1-mm separation of the
vertical fracture exactly in the midline of a canine
larynx produced a 53% decrease in glottal resis-
tance. Similarly, a 1-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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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 1-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' 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,?
veterinary medicine,® immunopurification of bio-
logicals,* diagnostic assays,® and human therapy.®

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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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 (Fc)
are shown. F(ab’)2 is fragment con-

sisting of both antibody binding sites,

C-Terminal  obtained by treating antibody molecule

with pepsin. Fd is that part of heavy
chain within Fab fragment. (Entire
light chain is within Fab fragment.)

48 Price, Monoclonal Antibodies
- Flab), = Slilc of
—~—  FOb————— pepsin
l.ight chain : cleavage
Site of
Heavy chain pcxpomYcleovc1c_1eI
. i
I ]
I I Fc
. - -—
| 1
i :
! 1
1
1
i ; LS wo
N-Terminal 5\00\ : % ‘é i
,oﬂq\o(\ - .
(€ i Hinge |
| region |
|
I
|
I
i
Heavy chain |
Light chain

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-lymphocytes 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 “tail end” of the molecule contains relatively
constant amino acid sequences and is called the Fc
region (for Fragment: constant). Each B-lym-
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.’

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-lymphocytes 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 B-lymphocytes 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-lymphocytes 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 B-lym-
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 K6hler and Milstein’s fusion technique in
1975! 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) T-lymphocyte 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.® '
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
MAB:s 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-

plication of MAB:s 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.’?> 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,!*!* gram-neg-
ative endotoxins,® diphtheria toxoid,'” 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.?*
Many of the MAB:s 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 cell lym-
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
adenocarcinomas, has begun at the Scripps Clinic
and Research Foundation 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.?®

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.?®

It is important to note that most of the studies re-
ported above are being conducted with murine
MAB:s, 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.?*-*° 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 heteromyeloma®!*? and lymphoblas-
toid fusion partners.®*** 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 10*° 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 Fc 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.?s*¢ In fact, many human monoclonal anti-
bodies already are being generated for use as probes
to study autoimmune and allergic disorders.*’

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
MAB:s 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 10° 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 10°
cells/mL.* 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-um 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 pg/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-
doma line.

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.*' 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 (>10°
cells/mL) within microcapsules.
Microcapsule diameters are about
700 pm. (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,
radionuclide-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
MAB:s 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-

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 B and 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 B and 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 cm 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-
nominate artery was absent.

The larynx was obtained and embedded in pyrox-
ylin (Parolodion) in the usual fashion. It was sec-
tioned at 28 um 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 1A, 2A, and 3A).

Case 2., A 1,400-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 1-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 B and 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 B and 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
37.17 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.®'°

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.®
Since then, the condition has been recognized in six
living patients.*

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.** 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 B and 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.



58 Holinger et al, Congenital Laryngeal Anomalies

Fig 6. (Case 2) A) Artist’s rendering of posterior aspect of larynx. Arrow indicates level of horizontal sections in B and 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.!* Including trache-
al agenesis, 31 of the 48 previously described cases
have had two or more of the VATER anomalies.*?
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.’® 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 field 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 successful laryngotra-
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
1Y, 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.®

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.® 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.*®

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 1.1

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,

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 is related 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-
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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-

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
tract 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.!® 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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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.' 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.

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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CORRELATION OF TUMOR VOLUME WITH LOCAL CONTROL
IN LARYNGEAL CARCINOMA TREATED BY RADIOTHERAPY

RALPH W. GILBERT, MD
LINKOPING, SWEDEN
HARRY SHULMAN, MD
TORONTO, CANADA
ROBERT MACKENZIE, MD
TORONTO, CANADA

DEREK BIRT, MB
TORONTO, CANADA
DEREK JENKIN, MB
TORONTO, CANADA

JEREMY FREEMAN, MD
TORONTO, CANADA
CHARLES SMITH, MD
TORONTO, CANADA

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 cm?, and the mean
volume for patients primarily controlled by radiotherapy was 8.86 cm®. 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.? 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.®

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,?* age,” and pretreatment hemoglobin.® Impor-
tant tumor features appear to be tumor size,® nodal
status,®° morphologic grading,'®** ploidy,**-** and
tumor thickness. '

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-
ogy (Gilbert, Freeman) and Oncology (Jenkin, MacKenzie), The Toronto-Bayview Regional Cancer Centre, University of Toronto; and the Depart-
ment of Pathology, The Hospital for Sick Children (Smith), Toronto. Dr Gilbert is temporarily at the Department of Otolaryngology, University Hos-
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TABLE 1. DISTRIBUTION OF PATIENTS BY REGION
AND T AND N CATEGORIES

Supraglottic Tumors

Glottic Tumors

T2 I3 14 T2 T3 T4
NO 7 6 2 2 3 8
N1 0 0 0 1 0 5
N2 0 0 0 0 0 il
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 UICC classification (1978)'¢; 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 montbhs).

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 ®°Co unit. Mean field size was
100 cm?, with a range of 39 to 200 cm? for the
parallel pair fields used to irradiate the primary
tumor. Twenty-two patients had radiation deliv-

1.0
0.9+
0.8t
07
0.6
051
0.4
0.3t
0.2¢
0.1+
0.0

RELAPSE-FREE
DISTRIBUTION

055 .90 o520 25 B00i3536
FOLLOW-UP (MONTHS)

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 cm?®, with a median of
10.8 cm® and standard deviation of 25.9 cm®. For
patients who were cured by radiotherapy, the mean
volume was 8.86 cm?®, with a median of 6.81 cm?
and standard deviation of 8.0 cm?®.

Volumes for individual patients were evaluated
in relation to their clinical T category, and it is clear
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Fig 3. Crude results for volume determination in cm?, dif-
ferentiated by success or failure of radiation (loglo scale).
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Fig 4. Frequency histogram of volume cm?® 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
(x*=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 (x*> = 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 cm?®.

TABLE 2. RANKING OF PROGNOSTIC VARIABLES
IN ORDER OF SIGNIFICANCE

Probability Value

Prognostic Factor

Volume .0018
N category .0213
Sex .0436
Age 1714
Laryngeal region .1848
Number of sites .5188
T category .9207

Cox’s regression analysis, general hazards procedure. Probability values
do not indicate statistical significance.
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Fig 5. Predicted probability plot of likelihood of radiation
failure by volume cm?®.

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 an 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.

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.’-?° 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 larcer 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.

ACKNOWLEDGMENTS — The authors thank the personnel of the Department of Biostatistics at Sunnybrook Medical Centre, and in particular Dr John
Szalai and Marko Katic. In addition, the authors thank the personnel of the Health Records Department at the Toronto Bayview Regional Cancer Cen-

tre for their assistance in providing the patient charts.

REFERENCES

1. Harwood AR. Cancer of the larynx. J Otolaryngol 1982;
11(suppl 11):3-21.

2. Wang CC. Factors influencing the success of radiation
therapy for T2 and T3 glottic carcinomas. Am J Clin Oncol 1986;



68 Gilbert et al, Tumor Volume in Laryngeal Carcinoma

9:517-20.

3. Harwood AR, Bryce DP, Rider WD. Management of T3
glottic cancer. Arch Otolaryngol 1980;106:697-9.

4. Harwood AR, Hawkins NV, Rider WD, Bryce DP. Man-
agement of advanced glottic cancer: a ten year review of the To-
ronto experience. Int J Radiat Oncol Biol Phys 1979;5:899-904.

5. DeSanto LW. T3 glottic cancer: options and consequences
of the options. Laryngoscope 1984;94:1311-5.

6. Overgaard J, Hansen HS, Jprgenson K, Hansen HM. Pri-
mary radiotherapy of the larynx and pharynx carcinoma — an
analysis of some factors influencing local control and survival. Int
J Radiat Oncol Biol Phys 1986;12:515-21.

7. Harwood AR, DeBoer G, Kazim F. Prognostic factors in
T3 glottic cancer. Cancer 1981;47:367-72.

8. Pera E, Moreno A, Galindo L. Prognostic factors in laryn-
geal carcinoma. Cancer 1986;58:928-34.

9. Schuller D, McGuirt W, McCabe B, Young D. The prog-
nostic significance of metastatic cervical lymph nodes. Laryngo-
scope 1980;90:557-70.

10. Jacobsson P, Killander D, Moberger G, Martensson B. His-
tologic classification and grading of malignancy in carcinoma of
the larynx. Acta Radiol Ther Phys Biol 1973;12:1-8.

11. Holm L-E, Lundquist P-G, Silfverswiard C, Sobin A. His-
tological grading of malignancy in squamous cell carcinoma of
the oral tongue. Acta Otolaryngol (Stockh) 1982;94:185-92.

12. Goldsmith MM, Cresson DS, Postma DS, Askin FB, Pills-
bury HC. Significance of ploidy in laryngeal cancer. Am ] Surg
1986;152:396-402.

13. Hellquist H, Olofsson J. Photometric evaluation of laryn-
geal epithelium exhibiting hyperplasia, keratosis and moderate
dysplasia. Acta Otolaryngol (Stockh) 1981;92:157-65.

14. Holm L-E. Cellular DNA amounts of squamous cell car-
cinomas of the head and neck region in relation to prognosis. La-
ryngoscope 1982;92:1064-9.

15. Moore C, Kuhns JG, Greenberg RA. Thickness as prog-
nostic aid in upper aerodigestive tract cancer. Arch Surg 1986;
121:1410-4.

16. Union International Contre le Cancer. TNM classification
of malignant tumors (larynx, classified 1972, confirmed 1978).
Geneva, 1978.

17. Archer CR, Yeager VL, Friedman WH, Katsantonis GP.
Computed tomography of the larynx. ] Comput Assist Tomogr
1978;2:404-11.

18. Mancuso AA, Calcaterra TC, Hanafee WN. Computed to-
mography of the larynx. Radiol Clin North Am 1978;16:195-208.

19. Gregor RT, Lloyd GAS, Michaels L. Computed tomogra-
phy of the larynx: a clinical and pathologic study. Head Neck
Surg 1981;3:284-96.

20. Sokjer H, Olofsson J. Computed tomography in carcinoma
of the larynx and pyriform sinus. Clin Otolaryngol 1981;6:335-
43.



CRICOTHYROIDOTOMY: A DECADE OF EXPERIENCE IN DENVER
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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
Grow' 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 cm 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 cm
above the cricothyroid membrane (Fig 1A). 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 1B). 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 1C). 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 narrowest 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’.”% (37
He also stated that if high tracheotomy has been
performed, it should be converted rapidly to the
standard low tracheotomy.

In 1976, Brantigan and Grow' 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-
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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 al* carried out a prospective study on 76
patients undergoing cricothyroidotomy. Five of
their patients developed subglottic stenosis. There
was one 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.”#*7

Smaller clinical series, such as those reported by
Griesz and coworkers,® McDowell,¢ 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. McDowell’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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cluded, “we see a diminishing role for the ‘standard’
tracheostomy.”8(428)

In 1982, Brantigan and Grow’ reviewed several
cases of subglottic stenosis found in their series and
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.!!43®
Gleeson? 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-
ly on 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

of the fundamental vocal range and a distribution
favoring the lower frequencies. These changes were
probably secondary to damage to either the car-
tilages or the cricothyroid muscle, as postulated by
Kennedy'® and Caparosa and Zavatsky.**

Since the original paper of Brantigan and Grow*
involved primarily nonemergency cricothyroidot-
omies, we were interested to see the results of
McGill et al™* 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 8.5-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 1-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 al'’ 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
1k

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.”'’%*’® They found these conditions in five of
27 patients (19%) who were endotracheally intu-
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TABLE 1. COMPLICATIONS OF TRACHEOTOMY
AND ENDOTRACHEAL INTUBATION

Endotracheal
Tracheotomy  Intubation
(% of Pts) (% of Pts)
Excessive cuff pressure 23 19
Self-extubation 13
Inability to seal airway 19
Stomal infection 36
Stomal bleeding 36
Subcutaneous emphysema or
pneumomediastinum 13

From Stauffer et al.!’

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 study. The
records 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
No. (%) 23 (4) 7 4) 48 (17)
Average age (yr) 50.4 66.6 46.0
Age range (yr) 7 to 80 45t079 12 to 90
Male:female 3:1 All male 2.5:1

*Tracheotomy or cricothyroidotomy.

TABLE 3. MORTALITY FOLLOWING ELECTIVE VERSUS
EMERGENCY CRICOTHYROIDOTOMY BY HOSPITAL

Mortality

Elective
University Hospital
Denver VA Hospital
Denver General Hospital

8 of 10 (80%)
50f 7 (71%)
7 of 16 (44%)

Emergency
University Hospital
Denver VA Hospital (none performed)
Denver General Hospital

4 0f 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 pa-
tients are presented to illustrate the devastating
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.

TABLE 4. COMPLICATIONS OF CRICOTHYROIDOTOMY

Complications

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

Number
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TABLE 5. REASONS FOR CRICOTHYROIDOTOMY (N = 78)

No. Patients
Alternative to tracheotomy 8
Alternative to endotracheal intubation 7
Elective airway management 25
Emergency airway management 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 cm 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

Fig 2. (Case 3) Subglottic stenosis.
A) Operative approach. Note ex-
tensive damage to anterior cricoid
plate and cricothyroid membrane.
B) Schematic drawing.

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.

DISCUSSICN

Since Brantigan and Grow' 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
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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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TELESCOPIC ENDOLARYNGEAL SURGERY

JOHN M. LORE, JR, MD
BUFFALO, NEW YORK

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 (Loré-Storz),? nasal endoscopic surgi-
cal instruments (Messerklinger-Storz),* 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 Loré stripping instruments* designed pri-
marily for deepithelialization of the surface or free
edge of a vocal cord.® 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-
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75



76 Loré, Telescopic Endolaryngeal Surgery

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 Loré JM Jr. An Atlas
of Head and Neck Surgery, 3rd ed.
Philadelphia: WB Saunders, 1987.
Reprinted with permission.)

e

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
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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-
Vver.

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,”> 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.?

Tetanus presenting with dysphagia has been the
subject of at least two recent case reports.*® 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.” 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,®
which may manifest in the symptom of diplopia,
which the patient described as occurring during his
infectious illness.

Diphtheria creates a demyelination with preser-

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.’® 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
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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.* Now, 100 years
later, it is documented that vocal nodules are the
commonest cause of hoarseness in children.?”” 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% .* The cause of the
hoarseness in one study was found to be vocal
nodules in 38% ,° whereas in another study it was
found in 78 % .* Nodules are the most common voice
disorder in school-age children, although they are
not common in teenagers.?

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,* 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.
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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
with 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

Number of patients
©
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Age

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 was from 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.?’

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
longitudinal 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.*'® 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-



Benjamin & Croxson, Vocal Nodules 83

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:
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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 groups to re-
lieve patients of the effects of the following diseases:
1) strabismus, 2) blepharospasm, 3) hemifacial
spasm, and 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 TREATMEN'T
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-
ton? 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 91.1% and a
long-term success rate of 88.8% . Laser arytenoid-
ectomy was performed on mongrel dogs and was in-
troduced in 1983 by Eskew and Bailey.'* Kleinsasser
and Nolte'® in 1981 reported 116 patients treated
with microlaryngeal laser 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 al'’ 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 al*® 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-

tion of the true vocal cords paced with normal res-
pirations.

Broniatowski et al*® 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 al** 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,?* 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
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