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MINUTES OF THE EXECUTIVE SESSIONS

FIRST SESSION — MAY 4, 1986

The First Executive Session of the 107th Annual
Meeting was convened at 7 AM in the Venetian
Room of The Breakers, Palm Beach, Florida, Doug-
las P. Bryce, MD, Toronto, presiding. The follow-
ing candidates, having been recommended for Fel-
lowship by the Council, were elected to Honorary
Fellowship: Wilbur J. Gould, MD, New York; to
Active Fellowship: Lauren D. Holinger, MD,
Chicago; Murray D. Morrison, MD, Vancouver;
Arnold M. Noyek, MD, Toronto; to Emeritus
Fellowship: John E. Bordley, MD, Baltimore;
Lester A. Brown, MD, Atlanta; Francis A. Sooy,
MD, San Francisco; to Corresponding Fellowship:

Alfio Ferlito, MD, Padua, Italy; Rolando Fonseca,
Buenos Aires, Argentina.

Following their election the new Active Fellows
and Dr Alfio Ferlito were introduced to the Associa-
tion by their respective sponsors, presented with
certificates of fellowship, and welcomed by Presi-
dent Bryce.

The following Fellows were elected as members
of the Nominating Committee: Roger Boles, Chair-
man; Michael E. Johns; Harold G. Tabb; T. David
R. Briant; Charles W. Cummings.

SECOND SESSION — MAY 5, 1986

The Second Executive Session was opened by
President Bryce at 12:30 PM, and the report of the
Nominating Committee was received from the
Chairman, Dr Roger Boles. The following Fellows
were nominated to the Council and elected unani-
mously: Loring W. Pratt; Blair Fearon; Eugene N.
Myers; John M. Fredrickson; James B. Snow, Jr;
John S. Lewis; Gabriel F. Tucker, Jr; Douglas P.
Bryce; Hugh F. Biller; John A. Tucker.

The reports of the following officers were sub-
mitted and duly accepted: Report of the Secretary,
Report of the Historian-Editor, and Report of the
Treasurer. Dr Michael E. Johns presented the Re-
port of the Governor of the American College of
Surgeons. The meeting was adjourned until the end
of the Scientific Session.

At the close of the Scientific Session, the Execu-
tive Session was reconvened by President Bryce. 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
1986-1987 as follows: President: Loring W. Pratt,
MD; Vice-President (President-Elect): Blair Fear-
on, MD; Secretary: Eugene N. Myers, MD; Treas-
urer: John M. Fredrickson, MD; Historian-Editor:
James B. Snow, Jr, MD; First Councilor: John S.
Lewis, MD; Second Councilor: Gabriel F. Tucker,
Jr, MD; Third Councilor: Douglas P. Bryce, MD;
Councilors-at-Large: Hugh F. Biller, MD; John A.
Tucker, MD. Dr Eugene N. Myers thanked Dr
Bryce for his outstanding work as President of the
Association. Dr Bryce introduced Dr Loring W.
Pratt as the new President of the Association.



REPORTS

REPORT OF THE SECRETARY

The membership at the present time consists of 9 Honorary
members, 44 Emeritus members, 22 Corresponding members,
and 95 Active members.

The meeting of the Council of the American Laryngological
Association will be held in conjunction with the meeting of the
Eastern Section of the Triological Society at the Westin Hotel,
Boston, Massachusetts, January 29-31, 1987.

The next meeting of the American Laryngological Association
will be held at the Fairmont Hotel in Denver, Colorado, April
25-26, 1987.

Respectfully submitted,
Eugene N. Myers, MD
Secretary

REPORT OF THE HISTORIAN-EDITOR

I have the sad duty to report the deaths of two Emeritus
Fellows. Francis H. McGovern was elected to Fellowship in 1963
and was elevated to Emeritus Fellowship in 1980. He was a
Benefactor of the Laryngological Research Fund. He died on July
9, 1985. John A. Murtagh was elected to Fellowship in 1953 and
served the Association as Vice-President in 1968. He was elevated
to Emeritus Fellowship in 1971. He died on January 15, 1986.

The papers presented at this meeting will be published in the
November-December 1986 issue of the Annals of Otology, Rhinol-
ogy & Laryngology.

The library of the Historian-Editor of the Association does not
have a copy of the Transactions for the years 1879-85, 1888-89,
1891, 1893-97, 1899-1915, 1917, 1920-29, 1932-33, 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 1985 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, 1977-85.

Manuscripts for the 1987 meeting should be in the hands of the
Editor of the Annals of Otology, Rhinology & Laryngology by
March 1, 1987.

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

REPORT OF THE GOVERNOR OF THE AMERICAN COLLEGE OF SURGEONS

Thank you for allowing me to serve as your Governor to the
American College of Surgeons. Since the last annual meeting of
this Association, I have participated in the activities of both the
Maryland chapter of the American College of Surgeons and the
annual meeting of the American College of Surgeons. The
American College of Surgeons has identified the concerns of its
members, and they include first and foremost the professional
liability crisis. In addition, other concerns include alternate
health care delivery systems, reimbursement and fees, changing
hospital management practices, and DRGs. The American Col-
lege of Surgeons has begun to address these issues with vigor, typi-
fying the change in the College’s direction. Although its tradi-

tional roles have centered on education, standards, and ethics, it
has altered its stance, and has increased its activities in the area of
socioeconomics. This new attitude, which will allow it to serve its
constituency more aggressively than in the past, has become
rapidly evident. I believe the American College of Surgeons will
be a strong force in molding the future of surgery in this country,
and we must take an active part in directing its policy activities.

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 accompanying statement of assets,
liabilities, and fund balances of the American Laryngological
Association (a not-for-profit corporation) as of March 31, 1986;
the related statements of income, fund balance, and changes in
financial position; and additional information for the year then
ended, in accordance with standards established by the American
Institute of Certified Public Accountants.

STATEMENT OF ASSETS, LIABILITIES, AND
FUND BALANCES — MARCH 31, 1986

ASSETS
Current Assets:
Cash and cash equivalents .. ........... $133,154
Accounts receivable — dues . . .......... 3,750
Accrued interest receivable .......... .. 4,692
Bepositst =i oo S sl 508
142,104
Marketable securities ................. 78,958
TlotaliAssetst T Shabre e vo nsi i i $221,062
LIABILITIES AND FUND BALANCES
Liabilities:
Accountsipayable i .t G $ 1,762
Prepaididuesincomer. == e i v 3,450
55212
Fund Balances:
GenerallEund & e 00 s $ 14,274
TrustsBund = s hagasages o o0 B 201,576
215,850
Total Liabilities and Fund Balance . . . . . ... $221,062

See accountants’ compilation report and notes to financial statements.

STATEMENTS OF INCOME AND FUND BALANCE —
TRUST FUNDS
FOR THE YEAR ENDED MARCH 31, 1986

STATEMENT OF INCOME

Income:
Interest income (note 3):
USHireasury/notests =it oo i $ 8,570
Certificates of deposit . .............. 5,051
Miscellancous’ 5.1 B0 STt sne s 1,000
14,621
Dividend income (note3) .............. 1,553
Memorial Fund donation: Leroy Schall . . 125
16,299
Expenses:
Bakersslund: 508 e o b o falb o6 1,834
@asselberry Bund =57 o Sl fa s e i 1,000
De Realdes Bund .. = .1 o8t e 398
3,232
NetIncomel(Boss)i- s 7t in e 0 $ 13,067
STATEMENT OF FUND BALANCE
Fund Balance, March 31, 1985, as
previouslysreporteds s o s seiw $185,587
Cumulative effect on prior years of retro-
active restatement for accounting
change (notei3 s os 5t b wmite-rt ep bedihs 2,922
Fund Balance, March 31, 1985, as restated 188,509

NettIncome;(I50ss); 413 soide Phkidie tog b 13,067
Fund Balance, March 31, 1986 ........... $201,576

See accountants‘ compilation report and notes to financial statements.

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

Rothaus, Bartels, Wolfe & Company, PC
Certified Public Accountants

St Louis, Missouri
April 22, 1986

STATEMENTS OF INCOME AND FUND BALANCE —
GENERAL FUND
FOR THE YEAR ENDED MARCH 31, 1986

STATEMENT OF INCOME
Income:
DN R e | S e e ol $17,625
Tickets — annual meeting . ............ 7,650
Tickets — council meeting . . ........... 719
Salelofpublicationsi=- i d e e 2,036
Imterestl st L A e s 3,994
32,024
Expenses:
Annual meeting and banquet. .......... 12,475
Council travel and expenses. ........... 4,919
General and administrative expenses:
Printing, postage and supplies . . ... ... 9,016
Brofessionallfeesia 7 of i Sl 2,100
Wagess—lelerical i o isvs n i, 2,119
30,629
Netilncome (Bosshib i 5 o i o u $ 1,395

STATEMENT OF FUND BALANCE
Fund Balance, March 31, 1985, as
previously reported ool aan s $( 587)

Cumulative effect on prior years of retro-
active restatement for correction of
ELTO(IOte )i et i fet s B 16,991

Cumulative effect on prior years of retro-
active restatement for accounting

changel(note 3) % i £80s She R R e (3,525)
Fund Balance, March 31, 1985, as restated 12,879
Netdincomei([¥oss)i i st it 058 stemn 1,395
Fund Balance, March 31,1986 ........... $14,274

See accountants’ compilation report and notes to financial statements.
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STATEMENT OF CHANGES IN FINANCIAL POSITION
FOR THE YEAR ENDED MARCH 31, 1986

SCHEDULE OF MARKETABLE SECURITIES

MARCH 31, 1986

Sources of Cash: Market
Netuncome se st sl vakbwens 58 Hsde $ 14,462 Cost Value
Sale of marketable security ............ 19,974 US Treasury note $65,000
Increase in accounts payable ........... 1,762 12.375%, due Aug 31, 1986 $64,978 $ 66,521

36,198
T Stocks:

Uses of Cash: American Telephone &

Increase in accounts receivable......... 3,750 Telegraph 200 shares 3,093 4,525
Increase in accrued interest receivable. . . 1,770 Ameritech 20 shares T899 2,255
Increaseiindeposits:, om0 s 508 Bell Atlantic 20 shares 1,138 2,295
Decrease in prepaid dues income . ... ... 75 Bell South 60 shares 1,471 3,120
6.103 IBM 40 shares 1,321 6,035

: o McDonnell Douglas 165 shares 1,194 12,926

Inecreasesind@ashifo i iime n 0 e 30,095 Meclntyre Mines Ltd 15 shares 675 444

@ash MarehtSIdl985 s i veiies o e 103,059 Nynex 20 shares 1,068 2,195

Cash, Mareh 31 H986F i ciie s i i 0 133.154 Pacific Telesis 20 shares 897 1,765
- e §—: Southwestern Bell 20 shares 1,030 1,765

See accountants’ compilation report and notes to financial statements. US West 20 shares __.___971 ___1’930
13,980 39,255

§78,958 §105,776

See accountants’ compilation report and notes to financial statements.
SCHEDULE OF INDIVIDUAL TRUST FUNDS FOR THE YEAR ENDED MARCH 31, 1986
Receipts
Fund Balance Investment Fund Balance
3/31/85 Donations Income Total Disbursements Transfers 3/31/86

Daniel C. Baker, Jr, Memorial Fund $ 33,446 — $ 2,870 $ 2,870 $(1,834) — $ 34,482

@asselberry:Fund == ¢ i as 18,628 —_ 1,598 1,598 (1,000) — 19,226

Johnston'Eund &= = e & et 17,624 — 1RO L 510) — — 19,136

e RoaldestBund 7 = 75 2020 ot 10,328 — 886 886 (98) — 10,816

Newcomb Trust Fund ............ 6,915 — 593 593 — — 7,508

Newcomb Prize Fund ............. 1,608 == 138 138 — — 1,746

ResearchBund .. ... v 70,620 — 6,059 6,059 - $ 2,518 79,197

Memeorial!Fand i iees o ass 29,340 $125 2,518 2,643 — (2,518) 29,465

Total oo i e $188,509 $125 $16,174 $16,299 $(3,232) $ — $201,576

See accountants’ compilation report and notes to financial statements.

NOTES TO THE FINANCIAL STATEMENTS — MARCH 31, 1986

Note 1. Summary of significant accounting principles

A.
counting for income tax reporting purposes.

B.

Accounting basis. The Association uses the accrual method of accounting for financial statement reporting purposes, and the cash method of ac-

Nature of operations. The Association shall have for its purposes: 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; the eleva-
tion of standards of the fundamental study and teaching of rhinology and laryngology in the undergraduate and postgraduate medical schools
of America; the publishing annually of the proceedings of this Association; and the honoring of those who, by their contributions in the field of
rhinology and laryngology, have aided in its advancement.

C.

D. Income taxes. The Association has been

Marketable securities. Marketable securities are carried at the lower of cost or market.

granted exempt status under section 501(c)(10) of the Internal Revenue Code as an organization re-

ferred to in code sections 170(b)(1)(A)(vi) and 509(a)(1). Under this status, the organization does not pay any Federal or state income taxes.

Note 2. Prior period adjustment

The Association did not record various cash receipts in prior years. The accompanying 1986 financial statements have been restated to correct the error.
The effect of the restatement was to increase general fund balance and increase cash at April 1, 1985, by $16,991.

Note 3. Change in accounting principal

During 1986 the Association changed its method of accounting from cash basis to accrual basis. The Association believes that the new method more ac-
curately reflects its financial position and results of operations. The effect of this change was to increase General Fund net income by $3,525 and decrease
Trust Funds net income by $2,922 during 1986. Fund balances have been adjusted for the effect of retroactive application of the new method.

Note 4. Allocation of investment income

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

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, except that by action of the Council, Jan 3, 1976, current income from the Memorial Fund is transferred to the fund balance of the Research Fund.

Respectfully submitted,
John M. Fredrickson, MD
Treasurer
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PRESIDENTIAL REMARKS

DOUGLAS P. BRYCE, MD

It is with great pleasure that I hereby open the
107th annual scientific meeting of the American
Laryngological Association. It has been a signal
honor for me to be your President this past year
and, together with the membership, to develop this
year’s program, which I believe reflects the preemi-
nent and international nature of this historic
Association.

Each year your President must, as I have done,
reflect on the past history of the Association and on
the long and distinguished list of those specialists in
the field of laryngology and rhinology who have
been proud of their membership in the American
Laryngological Association and have enjoyed and
benefited from the relationship with their col-
leagues, both socially and scientifically.

A review of the subject matter presented at the
past annual meetings records the growth of knowl-
edge and information in laryngology from its begin-
nings. The current activities of the Association
reflect the state of the art in laryngology and its
related disciplines.

The early members of this Association did not
have at their disposal the awesome armamentarium
for diagnosis and treatment of laryngeal diseases
that we enjoy today. These advances can be broadly
grouped into three main areas. The development of
the computer perhaps is the most significant, in that
it has allowed the classification, recording, and
follow-up of patients that makes possible the com-
parison of treatment protocols and allows the ra-
tional assessment of therapeutic regimens. The
computer has also allowed the development of im-
aging, which in a major way helps to determine the
spread of disease within the larynx and the ap-
propriate areas for excision and treatment.

Surgical techniques were well developed early in
this century, but their scope and effectiveness have
been tremendously expanded by the introduction of
antibiotics and the development of the concepts of
preoperative and postoperative care best illustrated
in our intensive care units today.

Finally, beginning about 1922, it became appar-
ent that radiotherapy would offer an alternative to
surgical excision in the management of cancer in the
head and neck. This treatment modality has been
constantly improving in effectiveness, and its prac-
titioners have also become particularly skillful and
interested in specific areas of malignancy. Perhaps
most important of all is the concept that surgery
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and radiotherapy do not compete in the manage-
ment of malignant disease but rather complement
each other when skillfully combined.

The early members of this Association did not
realize how ignorant and disadvantaged they were,
perhaps because they were richly endowed with im-
agination, ability, and above all and most essential-
ly, the inquiring mind that constantly asks, “Why
can we not do better and how can this be
achieved?” A stubborn, questioning, irreverent dis-
belief is essential for the advancement of the medi-
cal sciences. We have the advantage of standing
upon “broad shoulders,” but we must not as an As-
sociation be satisfied with this, but indeed, con-
stantly we must review our activities with a critical
and restless energy.

It was 25 years ago that I first gave a paper before
this Association. Naturally enough it was a review
of the management of several hundred cases of
cancer of the larynx. This subject has been my ma-
jor interest, and I have come to a few conclusions
that I propose to share with you, on the assumption
that such an extensive period of retrospection
should add to them weight if not wisdom.
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I believe that we have the knowledge and skills to
reduce to an irreducible minimum the deaths of pa-
tients from cancer of the head and neck and espe-
cially the larynx. That there is an irreducible mini-
mum at this time there can be no doubt. Untreated
cancer is a fatal disease, and with each type of
cancer there is a varying percentage of cases that
cannot be controlled by any method or combination
of treatment methods available to us. In early
laryngeal cancer I believe this figure to be 3% to
5% . It will probably be greater in more advanced
lesions and in other sites.

Cancer of the head and neck tends to develop in
patients with a shorter life span than that of the
general population. The common causal factors of
heavy smoking and drinking are also associated
with the development of chronic cardiac and re-
spiratory diseases and liver disorders. Thus, in any
large population of patients with head and neck and
laryngeal cancer, perhaps 25% will die of diseases
unrelated to their malignancy within the usually
adopted period of 5 years.

It is also true that patients with head and neck
and laryngeal cancer develop secondary malignan-
cy at a higher rate than the general population.
This rate varies from five times more frequently
with glottic cancer to 15 to 20 times more frequent-
ly for supraglottic malignancies. The effect of this
fact has a varying influence on the irreducible
minimum depending on when the second cancer
develops and its site and nature. Thus, with cancer
of the larynx in any series sufficiently large and pro-
perly representative of the various stages and sites of
the disease, there is a maximal survival figure some-
where between 70% to 75%. It does not appear
likely that this will change in the near future.

In any population of patients with cancer of the
larynx, which is sufficiently large to reduce the fac-
tor of selection to a minimum, we have now the
knowledge and tools available to us to achieve the
optimum survival figure. The present state of diag-
nostic imaging and clinical examination is sufficient
for us to delineate accurately the extent of the pa-
tient’s cancer at the first examination. These same
tools allow us to determine the effect of the manage-
ment technique upon the tumors. Such a definition
of the extent of the tumor is the essential infor-

mation to determine which treatment modality,
among the three, surgery, radiation, and chemo-
therapy, should be applied. The appropriate blend-
ing of these treatment tools requires a skillful and
experienced team of properly trained clinicians,
working with auxiliary personnel, to allow essential
follow-up and rehabilitation. All these personnel,
all the knowledge, and all the necessary equipment
are available to us to reach that goal of optimum
survival for patients with laryngeal cancer.

Throughout the world, four fifths of the people
on this planet live in countries that are too poor, in
which the population is too numerous, or whose po-
litical ideologies do not allow a sufficiently high pri-
ority for medicine, to achieve these results in the
treatment of laryngeal cancer. In North America
and in many parts of Europe, we are among the fa-
vored few whose medical facilities have the capabil-
ity of combating cancer with the full potential of
modern scientific medicine with its great concern
for the maintenance of life and the quality of that
life after treatment. In these areas, we have ad-
vanced greatly in the past 20 years. Despite this, we
fall far short of achieving the optimum survival
from the disease. I do not believe that the repetition
of clinical trials in the absence of a new modality of
treatment will be helpful. Our emphasis and ener-
gies must switch toward making our great advances
in diagnostic facilities and the meld of treatment
modalities developed by us available to all our pa-
tients.

This is no easy task. It begins with education, and
we are taking the first steps in this direction with
the fellowships for advanced training in head and
neck cancer. These fellowships must have the sup-
port of the American Board of Otolaryngology if
they are to survive. The recognition of added quali-
fications by the Board that is under current consid-
eration is an essential and inevitable step forward.
The care of a cancer patient by a physician, radio-
therapist, or surgeon working in isolation is an ana-
chronism. Whatever social or economical changes
are necessary to develop the informed team ap-
proach to cancer management must be recognized
and, in the fullness of time, be brought about. This
is the challenge of the foreseeable future. It is one
worthy of the energy and genius of this organization
in which leadership must be found.



INTRODUCTION OF GUEST OF HONOR
EMANUEL E. SKOLNIK, MD

DouGLAS P. BRYCE, MD

The terms energy, leadership, and genius lead me
naturally to the introduction of our Guest of Honor,
Emanuel Skolnik, MD, who is indeed one of the
greats of laryngology. Manny, as he is known
everywhere in this country, is one of the pioneers in
the management of head and neck cancer. He has
written extensively for 30 years and has been in de-
mand for innumerable courses, seminars, and
visiting professorships. He has generously presented
his work at international and national meetings in
our specialty. His international reputation as a head
and neck surgeon is perhaps second to none. Almost
always, when I have traveled across the ocean to at-
tempt to “spread the gospel,” Manny had either just
been there or was expected. He brightened the
many years we both served on the American Board
of Otolaryngology, for he is a great raconteur. We
welcome him and his charming wife, Helen, to this
meeting of the American Laryngological Associa-
tion, in his special status this year as Guest of
Honor. Manny, it is a pleasure for me to ask you to
come forward to the podium to give us your words
of wisdom.

14.



GUEST OF HONOR ADDRESS

INTERNATIONAL PROFESSIONAL RELATIONSHIPS
(WORLD PEACE AND MEDICINE)

EMANUEL M. SKOLNIK, MD

I am proud of my long association with the Amer-
ican Laryngological Association and to have had
the opportunity to work with a great many of you.
You have enriched my life, and I humbly thank you
for selecting me as your Guest of Honor. This is an
emotional milestone in my life of 40 years in otola-
ryngology-head and neck surgery.

I have selected for my address a subject most ap-
propriate at this time — our role in world peace
through medicine. We are embarking upon the
quest for civilization’s most elusive goal. The efforts
we set in making this noble achievement a guiding
force in our lives and the example set by people of
understanding and compassion, founded on the
principle of benevolence, lead us all to ask our role
in this struggle.

Although the most commonly held definition of
peace is the absence of war, this is only one element
of true peace. Peace must also include freedom from
economic and social tyranny and from the threat of
famine and disease. Clearly, the field of medicine,
including its medical and surgical specialities, is
concerned with the treatment and prevention of
disease. The value of this objective is self-evident.
Yet, physician and nonphysician providers of health
care must view their roles in a broader context if
they are to have a significant impact in the effort to
bring about the true well-being of the human spe-
cies. We must examine our place in the political, ec-
onomic, and medical joint venture required to im-
plement a plan for world peace. In attempting to
gain a global perspective on the world peace issue,
where medicine can play a part, we must first iden-
tify the most serious problems.

Global overpopulation is a critical issue. Drastic
measures in China and India have begun the pro-
cess of population control, but the magnitude of the
problem, the severity of both the overpopulation
and the scarcity of economic, industrial, and agri-
cultural resources will demand decades to change.
Africa, Central America, and South America are
even more unsophisticated in their attempts to con-
trol their burgeoning populations. In the face of
devastating health problems, their population
growth far exceeds ours; the constant threat of early
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mortality and lack of education are stimuli to un-
controlled reproduction.

Political obstacles interfere with adequate provi-
sion of medical services. In developing countries,
donor and recipient nations are guilty of using
medical care as chips in a cynical game of political
poker. Badly needed funds for health and sanitation
are diverted to nonmedical purposes causing not on-
ly the short-term deprivation of adequate health
care but also prevention of funding for long-range
teaching and training programs.

Inadequate health delivery planning in the form
of organizational competition and  complicated
plans that lack coordination within the political
and health care hierarchies frustrates many sincere
attempts to achieve a real improvement in substan-
dard conditions. Even where funding is available,
lack of a well-conceived delivery system makes the
expenditure ineffective.

Collapse of traditional health care systems in the
postcolonial period, especially in the Far East and
Africa, has left many of the old European colonies
without the support structure that provided what
little health coverage they had. In these areas,
medicine is dispensed by medicine men or faith
healers. These areas present a great organizational
challenge to the western physician accoustomed to
our highly structured medical system. There are re-
quirements to understand complex cultural, social,
economic, and demographic networks.

No one cause of these problems can be identified.
No straightforward solution presents itself, but the
evidence is clear that a solution must be found. It
can be argued from a moral standpoint that we are
all obligated to help those in need, but on a far less
abstract basis we must understand that as long as
poverty, sickness, and despair hold a majority of the
world in a state of turmoil, there can be no endur-
ing peace. There must be a unified effort to address
the universal obstacles to peace. Physicians have
begun and must continue to play a vital role in this
process.

The news of famine in Chad, epidemics in Paki-
stan, and new evidence of the gruesome long-range
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effects of atomic radiation as a result of the bomb-
ings of Hiroshima and Nagasaki are obvious indica-
tors that none of us has done enough. Nonetheless,
the medical profession has made dramatic gains in
establishing a framework within which significant
progress can be made toward solving many of the
medical problems that most threaten the stability
essential to world peace.

In great part this framework is based on the prin-
ciple of international interdependence. For cen-
turies nations forged their domestic and foreign pol-
icies in the fire and rhetoric of national independ-
ence. During these many hundreds of years, fear,
distrust, disease, aggressive nationalism, religious
and political fanaticism, and the regional and glob-
al conflicts they engender have flourished. Ever-
accelerating gains in technology have made na-
tional isolation an anachronism and have brought
us the opportunity to reach out to our neighbors
throughout the world. The ever more clearly de-
fined specter of cataclysm makes the opportunity a
necessity.

The medical profession and several of its compo-
nent organizations have worked diligently to pro-
mote a sense of medical, technological, and human
interdependence.

Good Ship Hope has been in existence for many
years providing specialty care in a home environ-
ment and working with local physicians to teach
and relate their expertise in the management of
disabilities.

Physicians for Social Responsibility (PSR) is evi-
dence of the concern of the medical communities,
both in the developed countries and the developing
countries, to alleviate the frustrations of disease.
This association of concerned scientists, in which
multiple countries are involved, exchanges technol-
ogies and ideologies in pursuit of a peaceful coexist-
ence.

PUGWASH is an international organization of
medical doctors formed to promote peaceful meth-
ods of problem solving. Its members are motivated
not only by their concern for the survival of all
creatures, but by the conclusion that they could not
possibly take care of the injured after a nuclear con-
flict.

The International Peace Academy Committee
(IPAC) was founded in Vienna in 1970. This group
organized projects to test the idea that practical
training in peace arts was possible. Because of the
Vienna pilot study, we now are able to assess more
accurately what attitudes and resources are neces-
sary to do transitional training well. One hundred
forty individuals from 50 countries and numerous
professions collaborated on the development of
educational designs that can be incorporated into
the program of the International Peace Academy.

The participants came from diverse cultures and
political systems. The enterprise was carried out
successfully with courses given by private individu-
als without substantial support. Many governments
sent qualified officials to the Vienna courses. Four
major demands are essential: 1) conceptual
language and application made readily accessible;
2) practical development in problem solving; 3)
coordination of training proposals to eliminate
causes; and 4) stimulation.

The World Health Organization (WHO) is a spe-
cialized agency of the United Nations established in
1948 to further international cooperation for im-
proved health conditions. Although it inherited spe-
cific tasks relating to epidemic control, quarantine
measures, and drug standardization from the
Health Organization of the League of Nations (set
up in 1923) and the International Office of Public
Health at Paris (established in 1909), WHO was
given a broad mandate under its constitution to
promote the attainment of “the highest possible
level of health” by all peoples. The World Health
Organization defines good health positively as “a
state of complete physical, mental, and social well-
being, and not merely the absence of disease or in-
firmity.”

With administrative headquarters in Geneva,
WHO operates through three principal organs: the
World Health Assembly, which meets annually as
the general policy-making body, an executive board
of health specialists, and a secretariat, which in
January 1973, had a staff of about 3,500 including
regional offices and field staff. Six regional offices
have been established in Alexandria, Egypt; Braz-
zaville, Republic of Congo; Copenhagen; New Del-
hi; Manila; and Washington, DC.

The work of WHO can be divided into three dis-
tinct categories.

1. It provides a central clearing house and research
services. The central WHO Secretariat keeps
member countries informed of the latest devel-
opments in the use of vaccines, cancer research,
nutritional discoveries, control of drug addic-
tion, and health hazards of nuclear radiation.

2. It sponsors measures for the control of epidemic
and endemic disease such as tuberculosis, malar-
ia, and venereal disease.

3. It encourages efforts to strengthen and expand
the public health administrations of member na-
tions. Teachers are available for on-the-spot
training. In addition, it grants traveling fellow-
ship awards to doctors, public health adminis-
trators, nurses, sanitary inspectors, and labora-
tory technicians.

According to Sir John Wilson (Deafness in devel-
oping countries. Arch Otolaryngol 1985;111:2-9),
the urgent need exists for reciprocal programs, par-
ticularly in the developing countries, that would be
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mutually beneficial to all. These programs would
expand greatly the opportunities for specialist train-
ing. The relationship with universities and research
institutions, and their promotion of international
cooperation and staff exchange, would implement
the development of regional, national, and interna-
tional efforts. Public and political attention is para-
mount, in addition to that of the medical communi-
ty. This interchange of teaching centers would be
most stimulating and would satisfy the insatiable
curiosity to learn more and at the same time help
humanity, particularly in areas where the quantity
of material exists, but the effort toward quality con-
trol is essential.

In his article Wilson detailed the alarming in-
cidence of impaired hearing and blindness in the
world today, especially in the developing countries.
According to the United Nations 80 % of these infir-
mities prevail in the underdeveloped areas. The
prevention and treatment of all disabilities and
diseases is an option available to the concerted ef-
fort of the international community. This coopera-
tive venture is a challenge to our perceptions and
assumptions.

There exist many communities of the world with
an abundance of teaching material for clinical eval-
uation and treatment. Unfortunately the patient
population is overwhelming and it is difficult to
critically analyze the quality of care rendered, and
for clinical and basic science research to be con-
ducted. Centers in the developed countries can help
because of established standardized systems of care,
research, and retrieval of data.

Numerous organized programs exist throughout
the world engaged in excellent basic research and
clinical trials of significance. Together these
citadels of learning can establish a mutual expres-
sion of our efforts and extend our skill and research
facilities to the underdeveloped countries. The
United Nations has adopted a fortuitous plan to aid
countries in need. The international communities
must, of necessity, extend a cooperative interaction,
not only among themselves, but to escalate mutual
exchange programs among the developing coun-
tries. There is a growing awareness among industri-
alized countries’ international and regional profes-
sional societies of the needs of less fortunate coun-
tries to care for the overwhelming disabilities that
prevail. The technologies, research, and clinical
care programs are essential to meet the global
needs.

However, today many global programs for health
care in underdeveloped countries are available but
in need of better trained personnel, specialist and
paramedical, to achieve the ultimate goals of the
United Nations. Many of the excellent programs in
existence in the world continue to exchange infor-
mation on clinical and basic research levels. There
is interaction between our residents and faculties

with these of other centers. International programs
continue to bring together specialists from all coun-
tries to relate to each other scientifically and per-
sonally. This is exciting and continues to foster bet-
ter understanding and friendly relations. I have had
numerous opportunities during the past 35 years to
participate in such endeavors and to work in vari-
ous centers.

A program between the University of Illinois Col-
lege of Medicine and the University of Thailand in
Chiangmai existed in the early 1960s. One of their
physicians trained in our Department of Otolaryn-
gology and returned home to implement a center. I
spent some time in Chiangmai examining patients
and operating in rather primitive settings compared
to our more sophisticated programs. The wealth of
material in head and neck cancer was overwhelm-
ing and provided fertile ground for training and ex-
perience.

There is already a precedent at the University of
Illinois Department of Ophthalmology for active
interaction with the Aravind Eye Hospital in Ma-
durai, India. At present, our Department of Otolar-
yngology is exploring such a reciprocal program
with India. This will provide an abundance of ma-
terial for residents and faculty of both areas and
complement the training programs. Better quality
care can be attained rather than quantity, and fa-
cilities for research projects can be established and
supervised with a mutual understanding and satis-
factory controls. The cooperative venture will ulti-
mately result in better scientific analysis and quality
care for the patients as well as enhance the training
of personnel. Their participation in our academic
programs and observation of patient care in the
clinical and operating room settings will secure a
more orderly approach to the many medical prob-
lems in developing countries. This protocol should
be pursued by all sophisticated programs in our
global sphere.

China has embarked on a very intensive and
well-organized program for cancer control. Efforts
will be made to study the cause, prevention, early
detection, and treatment of cancer. Epidemiologic
investigations have been computerized and research
has begun on the relationship between pathogenesis
of cancer and environmental factors. Chinese medi-
cine has been combined with western medicine for
cancer prevention and treatment — another step
toward international professional relations.

The role of US physicians in foreign countries
deserves the same attention as has been given to
foreign physicians in the United States. The current
and future supply and demand for US physicians for
international health and peace are essential.

The achievement of acceptable controls, to the
satisfaction of the international community, of the
many disabilities confronting the world (deafness,



18 Guest of Honor Address

blindness, cancer, genetic disorders, malnutrition,
and infectious diseases) remains a challenge to all
professionals. We are living in a shrinking world. It
is important to stimulate the intellectuals in these
developing countries, academically and scientifical
ly, and to create a climate of excellence. The pri-
mary objective is for personnel to work in the re-
spective countries.

In order to engineer effectively such programs
one must choose countries that offer political
stability and a democratic form of government. The
American Medical Association helped establish the
World Medical Association and supported the work
of the World Health Organization and the Interna-
tional Refugee Organization. In the past decade,
the AMA Volunteer Physicians for Vietnam Pro-
gram made it possible for almost 1,000 physicians to
serve in a troubled part of the world. The AMA was
a force in the establishment of the National Council
for International Health (NCIH), which provides a
forum to help coordinate international health ac-
tivities. Attempting to capitalize on accepted con-
cepts in international exchange, Richard Egan has
proposed the idea of a “physician peace corps.”
Similarly, Ralph Crawshaw suggests a “doctor-to-
doctor” program modeled after the “people-to-
people” program. E. Grey Dimond describes excit-
ing new ideas about how to further international re-
lations and peace through medicine and health.
Each of these medical institutions and men have
taken an international approach to solving
worldwide health problems. Each has attempted to
chart a path in an increasingly complex interna-
tional arena, an arena made especially complex by
paradoxes that are peculiar but, like so many
modern phenomena, are as old as civilization.

Perhaps the best known paradox is exemplified by
the work of Alfred Nobel, developer of dynamite in
1862. Nobel’s invention has been put to uses that
have been responsible for massive destruction and
loss of life for over 100 years. Notwithstanding the
destructive capacity of dynamite, no man’s name is
more closely associated with peace. The Nobel Prize
represents Nobel’s thinking that the pursuit of peace
must be international as well as interdisciplinary.
Each year the prize is given in categories including
physics, chemistry, literature, physiology, medicine
(Karolinska Institute), and peace.

Today, we face the nuclear enigma. The technol-
ogy of modern weapons, especially nuclear weap-
ons, poses a critical threat to the health of all peo-
ple. In addition to the unprecented risk of massive
destruction to all living things posed by their use,
the consumption of the resources used in production
of nuclear arsenals, estimated worldwide at $800
billion annually, causes an economic threat to the
health of populations even if the weapons are never
used. The psychological impact of generations
growing up under the fear of impending, instant

annihilation is virtually incalculable. While the nu-
clear threat is ominous, the nuclear promise is an
encouraging counterbalance. Nuclear modalities
have proved invaluable in the diagnosis and treat-
ment of disease. Modern technology has revolu-
tionized precise and therefore earlier treatment,
dramatically improving results. Such a valuable ad-
dition to our medical armamentarium has innumer-
able advantages. Nuclear medicine has become an
essential component in today’s health standards
worldwide.

Technology has become the gold of the 20th cen-
tury, enriching the countries that have it and
isolating those that do not. The promise of new
research technologies, most spectacularly recombi-
nant DNA and monoclonal antibody techniques,
has made it possible for scientists to investigate
almost any question. This is an era of great excite-
ment and confidence among biomedical researchers
who are certain that the new technologies will pro-
duce beneficial effects on humanity not only in this
nation, but in all the developing countries of the
world. Unless this technological promise can be
kept on an international basis, we will have failed
in our peace mission.

International tensions are making that mission
increasingly difficult. Scientific exchanges between
the United States and the Soviet Union are currently
at their lowest point in over a decade. In 1975, at
the height of détente, over 2,000 US and Soviet
scholars and officials participated in exchanges
under the auspices of 13 different programs. In
1982, this number dropped to about 300 under
eight agreements. The principal causes of the severe
decline in exchange programs were the Soviet inva-
sion of Afghanistan and the suppression of freedom
in Poland.

Without an improvement in the current scientific
and cultural exchange situation, we will find it im-
possible to monitor or influence Soviet restrictions
on academic freedom to which we object. Without
giving explicit or implicit approval to suspensions of
political or scientific freedom, we need to find a
new way to insure that scientists from all countries
have a rapport that is not contingent upon the
whims of political expediency. Information coun-
teracts ignorance, social contact is a first step to-
ward friendship, and nearness creates romance. Ne-
gotiators concerned about weapons limitations
could well include in their agreements obligatory
academic exchanges. An unarmed quarter of a mil-
lion university-level students integrated into each
other’s society would be agents of security for both
sides. Why are there 10,000 Chinese scholars in our
US universities today: the offspring of China’s in-
tellectual and political leadership? Surely, they
must have some value as guarantors of peace.

At present there are 41 wars in existence around
the world. Wars are analogous to a cancer on socie-
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ty. Is there a cure? Can preventive measures play a
significant role in its elimination, or is the malig-
nancy beyond control? Every avenue for its cure is
essential as a composite approach. Education, eco-
nomics, politics, and medicine comprise the major
areas of pursuit. The balance between war and
peace is becoming ever more precarious. Politics,
accordingly, is fully burdened with the glaring ab-
surdity that, with one hand, it builds for a future,
and with the other hand, it prepares to destroy. Al-
bert Einstein insisted that peace among nations
could be maintained in the atomic age only by
bringing all men together under a system of world
law.

The current UN Secretary acknowledges, how-
ever, that we have strayed far from the UN charter.
He states that the body resolutions are increasingly
defied or ignored by those nations that feel them-
selves strong enough to do so. We are perilously
near to a new international anarchy.

With the need for interaction and understanding
at critical levels, we often seem more helpless than
ever to influence our fate. The very technology that
promises us the future is the weapon that threatens
to eliminate it. More and more often, even among
the very young, we hear a jaded cynicism about the
future that is as terrifying as the nuclear weapons
that threaten us. In a recent survey, 85% of high
school students and 80% of elementary school stu-

dents surveyed said that they believed that there
would be a nuclear war. Our greatest challenge
may be to educate the world to the possibilities we
have to achieve peace.

Our country is at the forefront of the most impor-
tant movements of our time: educating both young
and old that peace is possible. One is reminded of
thought expressed by Wilhelm Steckel, “The mark
of the immature man is that he wants to die nobly
for a cause, while the mark of the mature man is
that he wants to live humbly for one.” Years ago the
well-known commentator Ed Morrow captured the
philosophical heart of our obligation stating, “We
can deny our heritage, but we can no longer deny
our responsibility for the future of mankind.” This
has never been more true than it is today.

The ability to get along with and interact with
people is essential. Forbearance and consideration
in human relations seems axiomatic. Always find
strength to take a vigorous stand for what is just for
fellow humans. Moral courage, intellectual enthusi-
asm, and a disciplined mind will be influential.
Participation in civic life is an obligation of us all in
order to attain a better way of life. This will bring
stability to government at all levels and acceptable
international relations. Service being a social force,
the goal is to do something fine and enduring, for
we grow only when we are thoughtful and serve
with dignity.



SCIENTIFIC SESSIONS*

*The papers on pages 21-129 were published in the Annals of Otology, Rhinology & Laryngology, November-December 1986 and March-April 1987; the
remaining papers on pages 130-153 are published here for the first time. The discussions that followed the papers begin on page 155.
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CARBON DIOXIDE LASER RESECTION OF SUPERFICIAL ORAL
CARCINOMA: INDICATIONS, TECHNIQUE, AND RESULTS
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A retrospective medical record review was done of 51 consecutive patients with 56 biopsy-proven squamous cell carcinomas of the oral
cavity and oropharynx treated for cure by one of the authors (H.H.D.) using the carbon dioxide laser via microdirect pharyngoscopy. All
51 patients were followed for at least 3 years unless they died, and 27 were followed for 5 years. The tumors treated were superficial, ac-
cessible lesions without bone involvement or clinically apparent metastases. Eighteen patients had had irradiation or surgery at the same
site, so were having salvage COz2 laser surgery. Indications and technique are discussed. Local recurrence and disease control rates were
comparable to those of conventional local surgical excision at 3 and 5 years. Complication rate was low. Carbon dioxide laser resection
with microscopic control is, we propose, an excellent modality for transoral excision of carefully selected lesions, and it offers increased
precision, better visualization, minimal bleeding, and decreased postoperative morbidity compared to other surgical techniques.

KEY WORDS — carbon dioxide laser, mouth, oropharynx, squamous cell carcinoma.

INTRODUCTION

The pioneering work of Jako' and Strong and
Jako? in the early 1970s established the feasibility of
microscopic, endoscopic carbon dioxide laser sur-
gery in the larynx. In 1973, Strong et al® reported
the use of the COz laser in other areas of the upper
aerodigestive tract, including treatment of super-
ficial carcinoma in the oral cavity. In 1979, Strong
et al® reported the first series of patients with
localized oral cavity carcinoma treated with the
COzg laser. They concluded that transoral resection
of accessible localized carcinomas of the oral cavity
was appropriate and was facilitated by use of the
COg2 laser with the operating microscope. They
found this technique offers low morbidity with a
low complication rate, and early results indicated
that disease control rates were acceptable. Subse-
quent publications®® have agreed with these conclu-
sions. However, long-term results of this technique
have not yet been reported. With this in mind, we
present our surgical indications, technique, and
results 3 and 5 years after COz laser resection of 56
oral cavity and oropharyngeal squamous cell carci-
nomas in 51 patients.

MATERIALS AND METHODS

Surgical Indications. In 1976 we began using the
COg laser in the treatment of superficial selected
oral (“oral” will be used to include oral cavity and
oropharynx) lesions in patients who could be relied
on to maintain close follow-up. The initial squa-
mous cell tumors treated for cure with the COz2 laser
were localized lesions that recurred after radiation
therapy or surgery; that were in the field of radia-
tion therapy treatment of a prior cancer; or that ap-

peared in patients already having oral dysfunction,
usually resulting from treatment of a prior cancer.
Results appeared satisfactory in these cases, and in-
dications for this technique were extended to in-
clude carcinomas in patients without prior treat-
ment or dysfunction. We now use the COz laser for
resection of accessible, superficial (less than 4 mm
thick by clinical examination) oral squamous cell
carcinomas without evidence of cervical or distant
metastases or direct bone involvement. We have
used the COg laser only rarely for palliation in ad-
vanced oral squamous cell carcinomas.

Surgical Method. All of our transoral COz2 laser
resections of oral lesions are performed with the pa-
tient under general anesthesia (Figs 1 and 2). The
COg laser is coupled to an operating microscope.
Tracheotomy has not been necessary. Preoperative
or intraoperative antibiotics or steroids are not
given, and local vasoconstrictors are not used. For
soft palate resection, a Mclvor or Crowe Davis ton-
sil retractor is installed and a moist 4 x 4 gauze pad
is inserted behind the soft palate. The laser is used
at 20 to 26 W, continuous mode to incise the soft
palate (and if necessary the upper anterior and pos-
terior pillars), first on the side of least involvement,
up to the hard palate well medial to the carotid ar-
tery and the torus tubarius. Resection is carried
along the edge of the hard palate across the midline 1
cm. Then the soft palate is incised 1 cm lateral to the
tumor on the side of the greater involvement from
the upper tonsil fossa to the edge of the hard palate to
a depth of only 1 cm. Then the specimen is retracted
anteriorly so the laser can make the mucosal incision
in the dorsum of the soft palate just anterior to the
torus with the torus tubarius in view so the eusta-
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chian tube will not be transected. Then the incisions
in the anterior and posterior soft palate on this side
are joined and the specimen removed. The occasion-
al artery or vein not controlled with the laser is im-
mediately cauterized with the Bovie electrocautery.

Exposure of the other oral areas is obtained using
a retractor of our design (Pilling Company, Fort
Washington, Pa), which consists of a hexagonal
ring with attached universal joints to hold modified
United States retractors and tongue retractors (Fig
1B). This provides excellent exposure of the floor of
the mouth; buccal region; lateral, ventral, and dor-
sal tongue; and retromolar trigone. It extends the
indications for transoral COg laser surgery by in-
creasing lesion accessibility. When used for anterior
floor of mouth or ventral tongue lesions, the tongue
is retracted with a heavy silk suture through the tip
that is tied to the hexagonal ring. Occasionally the
laryngoscope is used for more posterior lesions on
the base of the tongue or the pharyngeal wall. Once
exposed, the lesion and surrounding mucosa are
stained by applying 1% aqueous toluidine blue
with a cotton-tipped applicator. After 30 seconds,
the area is rinsed with water, then decolorized with
1% acetic acid using another cotton-tipped applica-
tor. Areas of mucosal dysplasia and carcinoma will
retain the dye.’

For transoral resection we use the Coherent 450
or 451 XLG (Coherent Medical Group, Palo Alto,
Calif) COgz laser coupled with a Wild M650 (Wild
Heerbrugg Limited, Heerbrugg, Switzerland) oper-
ating microscope. This provides the precise delivery
of a focused beam of infrared (wavelength 10.6 um)
light controlled with a manual micromanipulator
and a visible coaxial helium-neon laser-aiming beam.
Excellent illumination and magnification of the op-
erative field is thus achieved. The COz2 laser pro-
duces a surface thermal effect, which can be seen
well through the microscope. With adequate power
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Fig 1. Operative procedure. A) Preoperative
view of T1 carcinoma on right side of floor of
mouth. B) Patient position and use of self-re-
taining pharyngeal retractor with attachments
and side-biting dental retractor to expose le-
sion. C) Margin marked with CO2 laser
around lesion. D) Floor of mouth immediately
after excision of T1 carcinoma. E) Six weeks
after CO2 laser resection of T1 carcinoma.

density (power output per beam spot area at the
point of application), the result is tissue vaporiza-
tion. Laboratory studies have shown that the depth
of damage to remaining tissues is limited to only
about 15 to 18 cell layers. The surgical defect is
sealed, including lymphatic and blood vessels up to
0.5 mm in diameter, by a thin protein coagulum,
and all debris in the laser plume is nonviable.®° The
wound is sterilized, and hemostasis is excellent.

Carbon dioxide laser soft tissue removal can be
accomplished by excision or vaporization. To excise
tissue, the laser beam focal spot diameter is mini-
mized (approximately 1 mm with the Coherent 451
XLG COg laser at a working distance of 400 mm)
and power set high enough (eg, a console reading of
20 W at 0.05 to 0.1 second up to continuous) to pro-
vide a power density capable of rapid vaporization.
The incision line is then marked 7 to 10 mm outside
any visible or palpable tumor margin using short
bursts of laser energy (Fig 1C). With the margin de-
termined, a “moat” 4 to 9 mm deep is then created,
and the specimen edge is elevated with Adson for-
ceps or a clamp and is cut 7 to 10 mm beneath to the
estimated depth of tumor invasion. The surgeon
uses one hand to manipulate the laser and the other
for suction or traction. An operative biopsy is taken
first in the most suspect area(s) of the lesion if de-
sired. The specimen is then delivered, and before
sending it for histological examination, a labelling
suture is placed in one margin for orientation if de-
sired. Suspicious or leukoplakic mucosa can be re-
moved by vaporization if it is surrounding a lesion
or involving a portion of a lesion. Vaporization of
mucosa and 1 to 2 mm of submucosal connective tis-
sue is performed with repeated 0.05- to 0.5-second
applications of the COz laser with power density
reduced from that used for excision by reducing the
power output to 10 to 15 W at the same spot diame-
ter or increasing the spot size by defocusing and
either leaving power output the same or increasing
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Fig 2. T2 squamous cell carcinoma of
right lateral tongue. A) Preoperative
view, B) postoperative view 3 months
after CO2 laser resection, showing ex-
cellent healing.

output slightly (eg, 20 to 25 W). All abnormal mu-
cosa is vaporized in this way, including a margin of
6 to 8 mm of surrounding, apparently normal mu-
cosa. Increased depth of vaporization can be
achieved by increasing power density or exposure
time. When using the COz laser with the operating
microscope, it is relatively easy to visually deter-
mine when the mucosal layer has been removed
uniformly, including a 1- to 2-mm layer of submu-
cosal connective tissue. We prefer to leave perioste-
um intact, if possible, and to avoid direct laser con-
tact with bare cortical bone. (If periosteal or bony
removal is required to provide a margin, a conven-
tional oscillating saw is used for this portion of the
procedure.) Laser application to the teeth should be
avoided.’® Carbon dioxide laser transection of
Wharton’s duct is performed if necessary to assure
adequate lesion removal.

The resection area is left open and allowed to
granulate and epithelialize secondarily (Fig 1D).
This avoids the suture closure of oral defects that can
result in deep, dense scar lines, which can increase
postoperative dysfunction and bury residual tumor,
delaying appearance of recurrent disease. Postoper-
ative edema is minimal, and respiratory distress has
not been a problem. Patients can usually be dis-
charged the night of surgery or the following day.
Pain may be maximal 3 to 4 days after surgery but
rarely requires hospitalization for hydration or anal-
gesia. Oral penicillin or tetracycline is given four
times daily for 10 days postoperatively, and oral
care consists of frequent rinses with water. Wound

infection has not been encountered. Pain usually
subsides in 3 weeks. Healing has been excellent
(Figs 1E and 2B), but may take up to 8 weeks over
bone or for large defects. Our experience supports
clinical*-¢'°!! and experimental'? observations that
COgz2 laser-created mucosal defects are associated
with significantly less inflammation and scar con-
traction and result in less postoperative dysfunction
than defects created with a scalpel or electrocautery.

Clinical Material. The medical records of 51 con-
secutive patients with biopsy-proven squamous cell
carcinoma of the oral cavity or oropharynx who
were treated more than 3 years before for cure by
one author (H.H.D.) were reviewed. The distribu-
tion of lesions by site, T stage, and treatment
history is presented in Table 1. Eight patients had
two separate COz2 laser procedures. Five of these
eight had one procedure at two separate sites, and
three had two laser procedures at a single site. The
laser resection was the initial treatment for cancer
at 38 of the 56 sites. The laser was used for salvage
surgery after failure of radiation therapy at 14 sites,
after failure of both radiation therapy and conven-
tional surgery at three sites, and after failure of con-
ventional surgery alone at one site. In the three pa-
tients who had two procedures at a single site, the
second laser surgery was for salvage of local recur-
rence after the previous laser surgery.

During follow-up 11 new primary tumors ap-
peared in ten of the 51 patients (20%), all in the
oral cavity or oropharynx. None of the nonsmokers,

TABLE 1. LESION SITE, TREATMENT STATUS, AND T STAGE AT PRESENTATION

Previously Treated Previously Untreated Total
Site T1 T2 T1 T2 No. %
Mobile tongue 0 0 12 3 15 27
Soft palate, anterior pillar 1 4 6* Il 1% 21
Floor of mouth and adjacent tongue 2 1 i 0 10 18
Base of tongue and anterior pillar 3 e 3 0 7 12
Buccal mucosa 1l 2 i 0 4 i
Gingiva 1 0 3 0 4 7
Oropharyngeal wall 0 17 0 1 2 4
Tonsil 0 1 0 0 1 2
Hard palate 0 0 1 0 1 2
Total 8 (14%) 10 (18%) 33 (59%) 5 9%) 56 100

*One local recurrence after laser surgery at each of these sites was subsequently treated for salvage using laser.

TOnly T3 lesion.
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TABLE 2. LOCAL RECURRENCE, NECK METASTASIS, DISEASE SALVAGE, AND LOCAL CONTROL RATES
3 YEARS AFTER LASER SURGERY

Previously Treated

Previously Untreated

TI T2 Total Tel T2 Total
No. % No. % No. % No. % No. % INos%

Sites 8 10 18 33 5 38

Local 3 38 6 60 9 50 5 15 0 0 5 13

Neck 0 0 1 10 1 6 5 15 2 40 703 18
Disease salvage

Local recurrence only 2/3 1/6 3/9 2/2 0 2/2

Neck metastasis only 0 1 i 1/2 2/2 3/4

Local recurrence and neck metastasis 0 0 0 0/3 0 0/3

3 yr indeterminate™ sites 0/8 1/10 1/18 1/33 0 1/38

3 yr local control rates 7 88 4 40 11 61 28 85 5 100; 33" 87

*Died of heart attack or carotid rupture without evidence of disease.

14% of the patients who subsequently quit smok-
ing, and 33% of those who continued to smoke de-
veloped new primary tumors, confirming the im-
portance of stopping smoking.

Fifty-one patients were at risk of dying for at
least 3 years, and 27 were at risk of dying for at least
5 years after COz2 laser surgery. No patient was lost
to follow-up. The mean follow-up time was 47 months,
and the median follow-up time was 45 months. The
longest follow-up period was 9/, years.

RESULTS

Disease-free survival at 3 and 5 years after the in-
itial laser surgery was calculated by the direct
method*® for those patients at risk of dying for at
least 3 and at least 5 years. Local recurrence, neck
metastasis, disease salvage, and local control rates
at 3 years after COz laser surgery for previously un-
treated and previously treated T1 and T2 carcino-
mas are shown in Table 2. The number of patients at
risk and disease status at 3 and 5 years after presen-
tation for COz laser surgery of previously untreated
and previously treated T1 and T2 carcinomas are
displayed in Table 3. The disease status at 3 years
was indeterminate in two patients in the 3-year fol-
low-up group. One of these, in the previously un-
treated lesion group, died without disease of a heart
attack 17 months after laser surgery. The other, in
the previously treated lesion group, died of carotid
rupture in the perioperative period after composite
resection for control of neck metastasis. The disease

status at 5 years was indeterminate in three patients
who died without apparent disease. Of the ten pa-
tients in whom disease control had failed by 3 years,
three had anterior tongue primary tumors and two
had buccal primary tumors. Three patients not at
risk for 5 years developed disease after 3 years: one
patient had local recurrence of an anterior tongue
carcinoma in the fourth year of follow-up and was
salvaged with COz2 laser excision; another patient
with an anterior tongue primary had neck disease
only salvaged as of 3 years that subsequently failed
in the same neck; and one patient with a buccal pri-
mary tumor had an uncontrollable local recurrence
in the fourth year of follow-up. One failure in the 3-
year follow-up group was a patient with a primary
tumor of the tongue and both local recurrence and
neck disease who was controlled locally with com-
posite resection and radiation therapy but subse-
quently developed distant metastases. This was the
only patient in the entire series who developed dis-
tant metastases before local or neck disease became
incurable.

Table 4 shows local recurrence, neck metastatic,
disease salvage, and disease control rates at 3 and 5
years in the 14 patients treated with COz laser re-
section for cancer after failure of radiation therapy
only. The overall timing of local recurrence, neck
metastasis, and new primary squamous cell carcino-
ma after CO2 laser surgery is presented in Table 5.

Neck Metastasis. Metastatic disease developed
only in the ipsilateral neck. Four of the six non-

TABLE 3. DISEASE STATUS AT 3 AND 5 YEARS AFTER CARBON DIOXIDE LASER SURGERY FOR T1 AND T2 CARCINOMAS

Previously Treated

Previously Untreated

T T2 Total T1 1) Total
No. % No. % No. % No. % No. % No. %

3 Years

Patients at risk 8 10 18 28 5 33

Treatment failure 1 5 6 4 0

Indeterminate 0 1 1 1 0 il

NED 7 88 4 40 11 61 23 82 5 1005 - 28+ 185
5 Years

Patients at risk 3 6 9 15 3 18

Treatment failure 0 4 4 2 0 2

Indeterminate (died NED) 1 ] 2 1 0 il

NED o) 67 il 167 3 33 12 80 3 100 1583

Patients are categorized by presenting features of their first primary tumor treated with CO2 laser. NED — no evidence of disease.
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TABLE 4. DISEASE CONTROL IN PATIENTS TREATED
WITH LASER SURGERY AFTER RADIATION THERAPY
FAILURE (N = 14)

Patient Status No.  Population %
Local recurrence 7 14 50
Salvage of local recurrence (with

composite resection) 3 7
Neck metastasis 1 14 i
Salvage of neck metastasis (with

neck dissection) 0 1l
3 yr NED 9 14 64
5 yr NED 5 8 63

smokers and four of the six patients under 40 years
of age developed neck disease. Three of the four
nonsmokers and all four of the patients under 40
presented with previously untreated primary
tumors of the anterior tongue. Disease control with
initial therapy, local recurrence, neck metastatic,
and distant metastatic rates at 3 years for previously
untreated T1 and T2 anterior tongue carcinomas is
shown in Table 6. One of these patients developed a
local recurrence in the fourth year of follow-up and
was salvaged with the COz2 laser, and one patient
with neck disease only who had been salvaged as of
3 years subsequently failed in the same neck.

Overall, three of the eight patients with neck dis-
ease had associated local recurrence, and all died.
Two of the five patients with neck disease only were
salvaged, both with a combination of neck dissec-
tion and radiation therapy.

New Primary Tumors. Eight of the ten patients
with new primary disease after laser treatment of a
separate primary tumor were treated for cure,
while the remaining two could be treated for pallia-
tion only due to the extent of disease. Nine sites
were treated in these eight patients. Two patients
(one of them with two new primary tumors) had no
evidence of disease at one site after CO2 laser resec-
tion, but were followed for less than 3 years. In the
remaining seven sites in seven patients, there was no
evidence of disease at 3 years in six: three after CO2
laser surgery, one after conventional wide local ex-
cision, one after wide local excision after laser
failure, and one after CO2 laser salvage of a conven-
tional local excision failure. All successfully treated
new primary tumors were T1 lesions at presenta-
tion. The remaining patient died of locally recur-
rent disease after unsuccessful wide local excision by
conventional means. In the three patients who suc-
cumbed to new primary disease, the new primary
was a T2 lesion or larger at presentation and was
discovered more than 5 years after treatment for the
prior primary tumor.

Complications. The 59 COg2 laser procedures
were complicated by bleeding at postoperative days
7 or 8 in three patients after resection of tongue le-
sions. This was controlled by cautery or ligation,
and required return to the operating room and gen-
eral anesthesia in one case. No transfusions or tra-
cheotomies were necessary. Pneumonia developed

TABLE 5. TIME FROM LASER SURGERY TO
REAPPEARANCE OF DISEASE

Local Neck New
Recurrence Metastasis ~ Primary Tumor
(N=16) (N=8) (N=11)
Appearance
within:
1yr 44 % 63 % 8%
2 yr 81% 88 % 36 %
3 yr 88% 100 % 36 %
4 yr 100 % 100 % 45%
5yr 100 % 100 % 64 %
Mean 16 mo 11 mo 49 mo
Range 1-48 mo 1-33 mo 12-108 mo

in one patient postoperatively and resolved on ap-
propriate antibiotic therapy. Wharton’s duct was
intentionally transected on four occasions, and sub-
maxillary salivary gland obstruction developed in
two of these cases but did not require treatment.
The surgical defect was sutured closed on only two
occasions early in the series, otherwise wounds were
left open to close secondarily. There were no cases
of significant local or neck infection. Granuloma
formation occurred in three patients and delayed
healing. Excisions were performed in the office
with eventual satisfactory healing in all three cases.
One patient had limitation of tongue movement af-
ter removal of a lesion from the tongue and floor of
the mouth. Two patients developed mucous reten-
tion cysts, one resolving spontaneously and the
other requiring marsupialization. Five patients had
mild persistent pain for more than 3 weeks after sur-
gery, but this resolved after a few weeks. Laser re-
section through periosteum down to the bone was
performed in four cases. Three healed well, and one
patient developed an oroantral fistula during palli-
ative radiation for recurrent disease after COz2 laser
excision of a hard palate primary tumor that re-
curred after prior radiation therapy.

DISCUSSION

The data presented here are collected from a per-
sonal series of consecutive patients with carefully
selected localized oral squamous cell carcinomas
treated for cure using COz2 laser surgery.

We have found vital staining with toluidine blue
very helpful as an adjunct to the clinical examina-
tion of the oral mucosa. The dye is retained by mu-
cosal dysplasia and carcinoma and can help by im-
proving the accuracy of biopsy and by delineating
the extent of mucosal abnormality associated with
suspect lesions. Our experience shows a 2% false-
negative rate in staining of oral mucosal dysplasia
and malignancy.” In the absence of clinically ap-
parent metastases, primary tumor site, size, and es-
pecially depth remain the best prognostic indicators
of chance of metastasis or cure.

Treatment failure will occur in the neck or dis-
tantly if viable cancer cells have become implanted
in these areas before primary tumor removal and if
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TABLE 6. TREATMENT RESULTS AFTER 3-YEAR
FOLLOW-UP OF PREVIOUSLY UNTREATED T1 AND T2
ANTERIOR TONGUE CARCINOMAS (N = 15)

] T2
Results (N=12) (N=3) Total %
No subsequent disease 8 L 9 60
Local recurrence* 2 0 2 13
Neck metastasis 4 2 6 40
Distant metastases (lung) 1 0 1 7
NED 9/12 3/3 12 80

*An additional patient developed local recurrence after 3 years.

they are not adequately treated. Local recurrence is
usually thought to be the result of failure to excise
all cancer cells of the primary tumor. However, it
has been postulated, given the multicentric nature
of squamous cell carcinoma, that local recurrence
can also be the result of transformation of abnormal
epithelium surrounding the cancer defect. In 1953,
based on gross and microscopic pathological ex-
aminations, Slaughter et al'* used the term “field
cancerization” to describe a regional carcinogenic
activity of the upper aerodigestive tract that re-
sulted in multiple areas of dysplasia and carcinoma
and that were most common in a particular ana-
tomical microenvironment, but also likely to occur
in other areas of exposed squamous epithelium. The
multifocal abnormalities in virtually all excised oral
squamous cell carcinomas and the fact that new pri-
mary carcinomas are found most frequently in the
same site or region as the first primary tumor!® sup-
port this concept. Furthermore, studies of oral
leukoplakia have shown a significant overall rate of
transformation of this lesion into squamous cell car-
cinoma, and this rate is dramatically increased in
those lesions which show dysplasia on histological
examination.!® Therefore, it is conceivable that
local recurrence may occur as the result of a form of
new primary disease.

Once initial treatment has failed to control oral
carcinoma, chance of cure with further therapy is
much lower compared to that of primary treatment
because the cancer is likely to be more widespread
and because its extent is more difficult to deter-
mine. Salvage therapy must necessarily incorporate
a large area, and for this reason radiation therapy
alone may entail less damage than extensive surgery
if it can still be given and if combination therapy is
not indicated. If the recurrent lesion is small and
localized, wide local excision may be tried and more
radical treatment immediately undertaken if cancer
recurs. In our hands salvage of small local recur-
rences by wide local excision has been more suc-
cessful in treating recurrence after radiation
therapy than after surgical removal. In such cases
we now prefer laser excision, which minimizes the
healing problems in a radiated field, since delayed
healing can be difficult to distinguish from recur-
rent disease.

The CO2 laser is a surgical tool with a unique set
of characteristics that distinguishes it from sharp

dissection and electrosurgical or cryosurgical tech-
niques. The advantageous technical features of the
CO2 laser are that it allows precise, orderly tissue
dissection; access to more areas than with other
transoral techniques; immediate tissue removal
with provision of an acceptable specimen for histo-
logical examination; and low morbidity, all with-
out compromise of further treatment options. The
unique aspect of this technique is the ability to
remove extensive areas of abnormal mucosa in addi-
tion to the main tumor specimen, leave the wound
bed open, and still have excellent healing. This has
the theoretical advantages of not delaying the
recognition of recurrent disease and of decreasing
local recurrence rate, although clinical data ex-
amining this last concept could only be obtained
from large, carefully controlled studies in oral car-
cinoma and leukoplakia. In such cases, it is most ap-
propriate to use CO2 laser resection as opposed to
other transoral surgical techniques because the re-
duction in morbidity is enough to significantly re-
duce length of hospitalization or degree of postoper-
ative confinement and dysfunction.

One of the disadvantages of the COz2 laser is that
it is an expensive, delicate instrument that requires
specially trained personnel to use and maintain it.
Clinical experience is also necessary to master this
surgical technique, particularly to assess and
achieve appropriate margins of normal tissue
around and beneath the cancer. While the major
advantage of the laser is in achieving surface mar-
gins, the deep margin, as with any technique of
local resection, can be very difficult to determine,
and this difficulty increases with the depth of the
cancer. Deeper lesions consequently require bigger
margins, and the resulting defect may be large
enough so that the differential in morbidity as com-
pared with other techniques may no longer be sig-
nificant. Obviously, greater lesion depth also in-
creases the likelihood of metastatic disease, and for
these reasons we currently limit the use of the CO2
laser to superficial carcinomas.

Comparing these results to others,'” it is impor-
tant to consider several factors. There are very
small numbers of previously untreated lesions at
any one site, and these lesions were selected on the
basis of absence of deep invasion or metastatic
disease. Many of the lesions, although small, were
located at the junction of anatomical areas so that
the usual anatomic classifications could not be
strictly used. Lesions were grouped together as soft
palate and anterior pillar, or ventral tongue and
floor of mouth, of base of tongue and anterior
pillar, for instance. Most lesions (73%) were T1
size; there was only one T3 lesion; and almost all of
the remainder were small rather than large super-
ficial T2 lesions (Table 1). The data for previously
untreated and previously treated lesions will be
considered separately.

There were no significant differences in survival
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rates at 3 and 5 years between patients with T1 and
T2 previously untreated lesions (Table 3). The over-
all 3-year survival rate for 33 patients in this group
was 85% as compared to 83% in 18 patients at risk
for 5 years. The most important prognostic factor
for survival was site of lesion, as will be discussed
below. In the group of patients with previously
treated cancers, on the other hand, there was a dif-
ference in survival rates between patients with T1
and T2 lesions, and perhaps between 3- and 5-year
survival rates, although numbers are small in these
groups. Both T1 and T2 lesions had about the same
local recurrence rate, which was higher than those
in the untreated patient group. Salvage of these
recurrences was better, however, in the T1 than in
the T2 group. This resulted in 88 % survival of eight
patients in the T1 previously treated lesion group,
comparable to survival in the untreated group.
Three-year survival was poor in the T2 previously
treated lesion group, with only 40% of ten patients
without disease at 3 years and 17 % of six patients
at 5 years.

Local control rate is the most direct measure of
the success of CO2 laser excision. All but two local
recurrences occurred by 3 years, and these two oc-
curred during the fourth year after CO2 laser
surgery (Table 5). The timing of recurrence did not
vary for previously treated versus previously un-
treated lesions, and there was no significant dif-
ference between recurrence rates for T1 and T2 le-
sions within these groups (Table 2). In the 38 pre-
viously untreated carcinomas, 13% had recurred at
3 years and 16% by the conclusion of the study.
Half of these recurrences were associated with the
appearance of neck metastasis, and no patient with
both local and neck disease was salvaged. All three
patients in this group with local recurrence only
were salvaged, giving local control in 33 of 38 le-
sions (87 %) at 3 years.

In the 18 previously treated lesions, local recur-
rence rate was about three or four times higher:
50% at 3 years and 56 % overall. None of the local
recurrences was associated with neck metastasis,
but salvage for local recurrence only was worse
than in the untreated lesion group and worse for T2
compared to T1 presenting lesions. The two pa-
tients who were found at laser surgery to have a le-
sion deeper than about 4 mm were both in this
group, and both had local recurrence that could not
be controlled. There was local control at 3 years in
seven of eight T1 lesions (88%), although one pa-
tient later had a local recurrence that could not be
salvaged. This compared to local control in four of
ten T2 lesions (40 %), with the status of one lesion
indeterminate because of death from other causes.
No particular method of local salvage appeared su-
perior in any group.

The appearance of neck disease depends more on

the process of patient selection than on the success
of surgery, since, in the absence of local recurrence,
neck metastasis must be due to the presence of oc-
cult neck disease at the time of local surgery. Eight
of the 51 patients (16%) developed neck disease
over the full follow-up period, all in the ipsilateral
neck, and all within 3 years of CO2 laser surgery
(Table 5). In three of the eight cases, there was
associated local recurrence. Two of the five patients
who developed neck disease only were salvaged,
both with neck dissection and radiation therapy.
Analysis of the data showed that neck metastasis
was most strongly dependent on the site of the pri-
mary cancer. Two of four buccal lesions and five of
15 anterior tongue lesions accounted for all primary
sites associated with the subsequent appearance of
neck metastasis. While numbers are too small in the
first site, there are enough anterior tongue car-
cinomas to examine and make comparisons. This
demonstrates again the high risk of lesions at this
site and the ineffectiveness of our current staging
system.

Our series had 12 T1 and three T2 anterior tongue
squamous cell carcinomas, all superficial, and all
without prior treatment. For purposes of compari-
son, we will consider these as a single group com-
parable to stage I lesions since no clinically deeply
invasive lesions are included. Nine (60%) were
cured by CO2 laser resection only as of 3-year fol-
low-up, and three with appearance of neck disease
only were salvaged, giving 80 % without disease at 3
years. Local recurrence rate at 3 years was 13%,
and the neck metastatic rate was 40% (Table 6).
Only four lesions failed treatment in the entire
follow-up period in the previously untreated lesion
group. One was a buccal lesion and the other three
were anterior tongue lesions. Lesions of the ventral
tongue that included the floor of the mouth were
categorized with floor of the mouth lesions. This
confirms the high risk nature of anterior tongue le-
sions, and the suggestion of treating the necks with
postoperative radiation therapy for T2 lesions and
histologically aggressive T1 lesions seems reasona-
ble. A potential problem with using the laser in this
situation could be a delay of radiation therapy if a
large defect needed to be epithelialized, but this can
be avoided by leaving the healing site out of the ir-
radiation field. The high proportion of nonsmokers
and patients under 40 with neck disease appeared to
be a direct result of these patients having tongue le-
sions. Whether or not this was a result of preferen-
tial selection of accessible carcinomas is unclear.
The very low incidence of neck disease in the group
with previously treated lesions may be explained
mainly by the lack of high risk sites in this group
(since all anterior tongue lesions were in the un-
treated lesion group), or perhaps because most of
them had received prior radiation therapy and were
chosen for CO2 laser therapy because they had
failed only locally.
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Carbon dioxide laser treatment of lesions after
failure of primary radiation therapy showed a local
recurrence rate of 50% (seven of 14), and three of
these seven subsequent local recurrences were sal-
vaged with composite resection for no evidence of
disease at 3 and 5 years in more than 60 % (Table 4).
These results support the fact that wide local exci-
sion after radiation failure can be curative, while
failure does not greatly lower the chance of salvage
with composite resection. Our data do not agree
with the suggestion of others'* that CO2 laser resec-
tion is contraindicated in the treatment of radiation
therapy failures.

The proportion of patients developing new pri-
mary disease (20 %) was about as expected and em-
phasizes that this must be anticipated in treatment
planning. Risk of new primary disease was greatest
in those who had already had multiple primary tu-
mors and in those who continued to smoke and drink
alcohol. All new primary tumors were located in
the oral cavity or oropharynx, supporting the con-
cept that multiple primary tumors are most likely to
develop in the same anatomical region. Only three
of these ten patients died from their new primary
tumor, about half the expected death rate. Two of
the patients had lesions that have been at risk of
failure for less than 3 years, and none of the patients
had new primary esophageal disease, which carries
a dismal prognosis. The patients who did fail had
relatively large lesions at presentation at a time
when they were only being followed every 6 months,
and an argument can be made for continuing more
frequent follow-up than this, even more than 5
years after treatment. The longest interval between
the first occurrence and the new primary tumor in
this series was 9 years (Table 5).

The complication rate was low, and healing was
excellent in almost all cases.

CONCLUSIONS

A retrospective study of 51 consecutive patients
with at least 3-year follow-up after transoral CO2
laser resection of oral cavity and oropharyngeal
squamous cell carcinomas is presented. Microscop-
ically controlled CO2 wide local resection has con-
trol rates comparable to or better than conventional
surgery or irradiation, heals well, does not preclude
irradiation for occult neck disease or subsequent
composite resection for recurrences, and can be
used repeatedly for multiple primary tumors when
irradiation cannot.

The CO2 laser has several inherent advantages. 1)
It allows precision of removal. 2) It achieves a vir-
tually bloodless field because mucosal and muscle
capillaries are sealed by the laser beam’s heat and
the occasional larger vessels are then easily cau-
terized with the electrocautery. Thus, assistants are
not having to constantly sponge and suction, which
interferes with the surgeon’s view of the tongue
(much less the soft palate), spreads cancer cells
around the wound, and tends to dislodge the self-
retaining retractors. 3) The COz2 laser improves vis-
ualization of the lesion. Because of the dry field and
the intense illumination and magnification of the
operating microscope, subtle mucosal abnormalities
are seen well. 4) Mucosa can be removed easily and
thoroughly to a constant depth, and margins can be
easily enlarged if desired because abnormal cells
have not been incised and spread around, but have
been vaporized and made nonviable. 5) The CO2
laser does not thrombose the vascular supply for the
wound and damage the nerve fibers to the depth
that electrocautery resection does. This may be the
reason they appear to heal with less pain and scar-
ring after CO2 laser resection. 6) Most important of
all, microscopically controlled CO2 laser resection
has cured the cancer without the composite resec-
tion that would have been required in the past in
more than a dozen of these patients.
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ANESTHETIC MANAGEMENT FOR TRACHEOBRONCHIAL
LASER SURGERY
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The use of the laser has become a well-recognized means of treating obstructing lesions of the tracheobronchial tree. Patients with
lower airway compromise are in a precarious state of equilibrium. Everything done by the endoscopy-anesthesiology team tends to change
this balance. Cooperation and coordination of this well-disciplined team is needed for efficient treatment of difficult cases. This paper
outlines our surgical techniques, which have been tempered and modified to an anesthetic technique that provides the greatest safety with
comfort. We detail the basic anesthetic methods for drug usage, pulmonary ventilation, and patient monitoring that we now use. A careful
analysis of our results is presented to show that this technique does provide relatively safe anesthesia in this difficult setting.

KEY WORDS — anesthetic administration, carbon dioxide laser, laser surgery, lower airway compromise, neodymium: yttrium

aluminum garnet laser.

INTRODUCTION

The advent of laser surgery in the bronchus has
opened up new avenues of therapy for both benign
and malignant disease of the airway.' Patients with
benign lesions that heretofore required major open
procedures can now be treated definitively with the
laser as outpatients. Malignant lesions, which cause
death by suffocation, can be treated by endoscopic
coring because they are unresectable. However,
these new advances have also brought new prob-
lems in the medical management of critically ill pa-
tients. These patients may have high-grade re-
spiratory obstruction with marked hypoxemia and
may also have associated cardiac problems. In addi-
tion, they may have poor pulmonary toilet with
trapping of secretions and associated pulmonary in-
fection. All these factors must be taken into account
by the surgeon and anesthesiologist when assuming
the management of these patients.

Because of the precarious physical state of these
individuals, close interaction between surgeon and
anesthesiologist is necessary. For success, a routine
must coordinate the techniques of surgeon and an-
esthesiologist. Methods of oxygenation, mainte-
nance of airway patency, and administration of
medication need to be well understood before treat-
ing these patients. This is not a simple and routine
endoscopic procedure to be performed on an occa-
sional basis.

This paper presents our experience with the team
approach to endoscopic surgery during our last 126
consecutive procedures and discusses our coordi-
nated anesthetic-surgical techniques for laser sur-
gery using the bronchoscope.

METHODS AND MATERIALS

Team Approach. Intrinsic to all these procedures
is the team approach, with everyone aware of the
entire procedure and disciplined in their role. Our
team consists of the-surgeon; the anesthesiologist
and anesthetic technician; a laser technologist; and
circulating, scrub, and postoperative nurses. They
must be familiar with both the techniques of laser
surgery and the varieties of equipment required.

Preoperative Work-Up.The preoperative work-
up may vary, depending on the emergency of the
situation. Our basic assessment of the patient con-
sists of a careful preanesthetic evaluation, a
preoperative chest x-ray examination with special
attention to luminal size of both the trachea and
main stem bronchi, and an ECG. These provide a
gross assessment of the tracheobronchial obstruc-
tion so that problems at the operative site can be an-
ticipated. If possible, we add pulmonary function
studies with flow volume loops, arterial gases, and
either tomography of the trachea and main stem
bronchi or computed tomographic scans. These in-
dicate the amount of pulmonary reserve and the in-
volvement of the extrabronchial structures.

Surgical Technique. A rigid bronchoscope was
used whenever possible in this series. The choice of
bronchoscope tube may vary depending upon the
operative objective and the personal experience of
the surgeon; our choice was the Sharplan 781 bron-
choscope with the Sharplan 743 80-W carbon diox-
ide laser. This features continuous wave, pulse, re-
peat pulse, and superpulse, and had a three times
proximal magnifier, continuous variable defocus,
and spit windows. The Sharplan micromanipulator
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had a 200-, 300-, and 400-mm focusing lens. When
the neodymium: yttrium aluminum garnet (Nd:YAG)
fiber was used, we employed the Quantronics 117
Nd:YAG laser at 0 to 100 W and the Cooper Laser-
sonics 8000 Nd:YAG laser system. The Nd:YAG fi-
ber can be passed either through the rigid scope or
through the flexible bronchoscope. When the flexi-
ble bronchoscope is used (Olympus BF-IT), it is
passed through the rigid scope. The flexible scope is
used only when the rigid scope cannot be inserted,
eg, in cases of severe cervical spine disease or
limited temporomandibular joint excursion. If a
tracheostomy was in place, the rigid scope was
placed either transorally into the tracheobronchial
tree or through the tracheal stoma.

For safety with the CO2 laser, all individuals
working with the laser in the operating room must
wear plastic visitor glasses with side panels (Mid-
land Optical, model 410 clear). When the Nd:YAG
laser was used, all were required to wear green gog-
gles with an optical density of 14 at 1.06 um (Glen-
dale Optics). Further, eyepieces were used to filter
the laser and protect the eyes of the surgical team.
These eyepieces were coated, clear reflective filters
which can attach to the bronchoscope or into a vid-
eo beam splitter (Circon) and television (Cooper
Lasersonics).

For further safety, there should be cautionary
signs on doors leading to the operating room and
opaque covering over the windows so that Nd:YAG
light cannot escape the operating room and injure
unsuspecting bystanders. The patient’s eyes are
wrapped in a standard fashion for laser surgery.

Precautions for bleeding are taken by having en-
doscopic forceps and gauze packing available. If
bleeding occurs, the packing is used to close off the
bleeding site and respiration is maintained in the
other lung through the rigid bronchoscope.

A video monitor is used in all procedures, and all
members of the operating team view the surgery.
The television is attached either to the rigid or the
flexible bronchoscope. The system used is the Cir-
con endovideo camera and MV-9862 beam splitter.

The Nd:YAG laser was used to circumferentially
photocoagulate the margins of the tumor at power
outputs not greater than 45 W. The central core is
then removed using the CO2 laser or rod telescopic
bronchial forceps. Whenever possible, the surgery
was done as an outpatient procedure.

The choice of anesthetic technique was made pre-
operatively. General anesthesia was used in the
proximal trachea, in individuals who chose not to
undergo local anesthesia, and in patients with an
existing tracheostomy. Use of local anesthesia was
tavored in the middle and lower third of the trachea
whenever possible and especially when the obstruc-
tion was emergent or life threatening, the cross-sec-

tional area of the trachea was decreased by greater
than 50% as seen on x-ray film, or the disease ex-
tended out of the main stem bronchus, past the
carina, and into the trachea. Many patients with
disease in this area were in a precarious medical
state.

All patients operated on while under local anes-
thesia were premedicated with an anticholinergic,
glycopyrrolate (0.2 mg) being our drug of choice. In
addition, depending on the patient’s condition,
hydroxyzine (25 to 50 mg) or judicious amounts of
meperidine hydrochloride (Demerol; 25 to 75 mg)
or fentanyl citrate (0.05 to 0.1 mg) may be given in-
tramuscularly. Oral lorazepam (2 mg) 2 hours
preoperatively was found to be very useful in pro-
ducing amnesia; however, it was avoided in the
elderly. In the very poorest risk patients, all drugs
except the anticholinergic were administered only
upon arrival in the operating room. In those pa-
tients who were to receive sedation only, 10 to 15
mL of 4% lidocaine was administered via an ultra-
sonic nebulizer, either through an aerosol mask or a
mouthpiece, approximately 15 minutes before the
procedure.

Upon the patient’s arrival in the operating room,
an ECG and automatic blood pressure monitor
were connected. Early in our experience, an in-
dwelling arterial catheter for blood gas measure-
ments was inserted. More recently, the use of the
pulse oximeter was considered so useful that it has
practically replaced invasive monitoring.

Patients under local anesthesia were given small
amounts of droperidol (2.5 mg), diazepam (Vali-
um; 2.5 0 5.0 mg), and ketamine hydrochloride (10
to 20 mg), the drugs used depending on the anes-
thesiologist’s preference. Narcotics are generally
avoided except for the premedication dose or at
most, 0.05 mg of fentanyl citrate, since these pa-
tients are frequently already hypoxemic and addi-
tional respiratory depression from the narcotic may
not be tolerated.

Before the bronchoscope is inserted the base of
the tongue and mucous membranes of the upper lip
are sprayed with a total of 60 mg of 10% lidocaine
to help the patient tolerate the pressure of the rigid
bronchoscope. Additional amounts of sedative
drugs are given during the procedure if it is pro-
longed or the patient indicates discomfort. The
anesthesiologist must distinguish between discom-
fort and hypoxia. If coughing occurs during the
procedure, 1 to 2 mL of 4% lidocaine is instilled
through the bronchoscope, or up to 1.5 mg/kg of
2% lidocaine is given intravenously (IV).

Hypertension is treated with propranolol IV, or
more recently it has been our practice to start a ni-
troglycerin drip (5 mg/250 mL of saline) in hyper-
tensives and patients with coronary artery disease.
A jet injector and endotracheal tube should be im-
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mediately available for all of these cases.

Patients under general anesthesia were usually
sedated with thiobarbiturate (3 to 4 mg). Muscle
relaxation was produced with vecuronium bromide
(0.08 mg/kg), a relatively short-acting nondepol-
arizer, and anesthesia was maintained with iso-
flurane and oxygen mixed with nitrogen or helium
at a 30% oxygen to 70% helium ratio. Inhalation
agents were administered through the ventilating
bronchoscope, or in those patients with a tracheos-
tomy tube, a plastic endotracheal tube was inserted
a short way into the patient’s metal tracheostomy
tube. In all cases with an existing tracheostomy, a
metal tube was required during the laser procedure.
At the completion of the procedure, if complete
neuromuscular transmission had not returned, as
determined with the nerve stimulator, neostigmine
(5 mg) and glycopyrrolate (1 mg) were adminis-
tered to reverse the blockade. Again, as with local
anesthetic cases, hypertension was controlled with
either propranolol or nitroglycerin or both. Both
groups of patients generally received IV steroids,
usually 8 mg of dexamethasone. After the proce-
dure, when the patients were ventilating adequate-
ly, they were taken to the recovery room, where hu-
midified oxygen was administered.

Depending on the ventilating state of the patient,
supplementary oxygen was administered; under
local anesthesia 100% oxygen was given through
the side arm of the bronchoscope; during the period
that the laser was used, it was shut off and the pa-
tient was maintained on room air. Under general
anesthesia, the patient was ventilated on a mixture
of 30% oxygen and 70% helium. In the postanes-
thetic care unit, the patient was carefully moni-
tored for signs of airway obstruction. If progressive
airway obstruction was noted within a 3-hour
period following the surgery, a repeat bronchos-
copy ‘was performed to ascertain whether tumor
slough was the cause.

Patients Studied. There were 126 procedures on
45 patients in this series. These patients ranged in
age from 17 to 79 years. There were 24 males and 21
females. Fifteen of the patients had granulomas,
papillomatosis, or benign disease such as strictures.
Thirty patients had malignant disease with diagno-
ses including squamous cell carcinoma, adenocar-
cinoma, carcinoid, and lymphoma of the lung.
Sixty-five of these procedures were performed on in-
patients and 61 on outpatients. Eighty-eight of the
procedures were performed with the patient under
local and 38 under general anesthesia. Of the pa-
tients studied with benign disease, 36 were under
general and two under local anesthesia. Of the pa-
tients studied with malignant disease, two were un-
der general and the remainder, or 86, under local
anesthesia. One patient with a carcinoid in the
lingular bronchus required conversion to general
anesthesia during the procedure because of inability

to provide adequate, relatively safe sedation.

RESULTS

The results of this study of 126 consecutive laser
bronchoscopies on 45 patients showed 11 complica-
tions. Of these cases, six represented individuals re-
quiring a return to the operating room in the im-
mediate postoperative period to remove obstructing
tumor slough. One patient had respiratory distress
in the recovery room caused by subglottic edema
and was treated successfully with racemic epineph-
rine. There was one ignition of the flexible bron-
choscope, which was immediately recognized and
the bronchoscope removed into the rigid scope
without tracheal or laryngeal burns. Two patients
had pneumothoraces: one had tracheal papillomata
removed under general anesthesia; the other had al-
most total respiratory obstruction from tumor and
blood clots and required controlled ventilation with
very high pressures through an endotracheal tube.
There was no evidence of extraluminal penetration
of the laser in either case. It was postulated that the
pneumothoraces occurred from high ventilatory
flow rates and pressure associated with assisted
respiration in a markedly obstructed airway. There
were two postoperative deaths within 48 hours of
surgery. Both involved sudden death secondary to
arrhythmia, probably related to tumor infiltration
of the pericardium.

The incidence of operative hypertension ap-
peared to be similar whether these patients had lo-
cal or general anesthesia during surgery. Operative
hypertension was defined as a greater than 25% in-
crease over baseline systolic pressure. Twelve of the
38 cases under general anesthesia and 19 of 88 cases
under local anesthesia had an elevation of pressure.
The incidence of intraoperative arrhythmia was ex-
tremely low. Two patients had significant prema-
ture ventricular contractions, one under local and
one under general anesthesia. One patient had ven-
tricular fibrillation under local anesthesia that was
converted successfully. This patient had several pre-
vious laser procedures en his bronchus and was near
death when the arrhythmia occurred.

There were two patients in whom rigid bronchos-
copy could not be performed. One had cervical
traction from a cervical vertebral fracture and
could not be intubated. This patient was given a
general anesthetic through his tracheotomy tube,
and the flexible scope was passed transorally
through the larynx to remove granulation tissue be-
low the tracheal stoma. The other patient had tra-
cheal papillomata and a previous cervical lami-
nectomy. A rigid bronchoscope could not be in-
serted. Again, a flexible bronchoscope was passed
from above while anesthetic was administered
through the existing tracheostomy.

DISCUSSION

As in all endoscopic procedures, the anesthesiolo-



Rontal et al, Anesthetic Management for Tracheobronchial Laser Surgery 33

gist and endoscopist must work as a team. This is
particularly true in these cases where a surgical
treatment (ie, laser coring of the airway) of a medi-
cal condition (eg, poor alveolar ventilation and
toilet) is being performed. In the larynx and upper
trachea, it is usually possible to intubate or perform
a tracheostomy to open the occluded airway. In the
lower trachea, at the carina or in the bronchus, the
patient may be treated successfully only with rapid
removal of the obstruction and control of bleeding.
Our experience indicates several factors necessary to
ensure relatively safe endobronchial laser surgery.

First in our protocol is the presence of an experi-
enced laser surgical team. The anesthesiologist must
understand the surgical procedure as if he or she
were performing the operation. In a similar man-
ner, the surgeon must understand any anesthetic
problems to foresee in order to avoid disaster. A
laser technologist must be present to ensure that the
equipment is functioning properly. The high tem-
peratures produced by the laser create the chance of
malfunction. The inability of the surgeon and anes-
thesiologist to both operate with and check on the
equipment necessitates the technologist’s presence.
The anesthesiologist must have an experienced as-
sistant to help in managing the patient. The circu-
lating and scrub nurses must have expertise in the
laser procedure. They must be familiar with both
the different approach of laser surgery and the dif-
ferent instrumentation needed. Finally, the postan-
esthetic recovery room nurses must be aware of the
potential recurrence of airway obstruction.

Mandatory to our team approach is the use of
video monitoring. By viewing the video monitor,
the anesthesiologist can anticipate the patient’s
needs, and the nurses can be prepared for the en-
doscopist. In addition, video monitoring produces a
video record, which is helpful in reviewing the case,
planning the next procedure, and developing new
approaches.

Second in providing a relatively safe endoscopy is
a preference for local anesthesia whenever possible.
This is particularly true in emergency situations
with high-grade airway obstruction, where a thor-
ough knowledge of the patient’s cardiorespiratory
reserve and tumor extent cannot be ascertained.
Our arbitrary criteria are that local anesthesia
should be used when the middle or lower tracheal
lumen is decreased by greater than 50 % of its cross-
sectional airway as seen on x-ray film, in emergency
situations with high-grade obstruction, or when the
lesion projects out of the main stem bronchus and
involves the trachea above the carina. The reasons
usually given for the use of general anesthesia are
patient comfort, greater ability to adequately ven-
tilate the patient, and more controlled operating
conditions. Local anesthesia is reserved by some
authors for less severe disease.? The results of this

study refute this concept, showing that relatively
safe local anesthesia can be provided without in-
creased risk to critically ill patients. While spon-
taneous respiration is possible under general anes-
thesia, the agents used may significantly depress
respiration in patients who may not tolerate de-
creased ventilation because of their high-grade ob-
struction or associated cardiac disease. The ability
of the patient to spontaneously create negative in-
trathoracic pressure under local anesthesia may be
the margin of safety that the patient needs to main-
tain oxygenation. This is in agreement with tech-
niques for spontaneous respiration during laser sur-
gery advocated by others.* ¢ Further, in our series of
patients, positive pressure ventilation may conceiv-
ably add to the airway obstruction by causing a
“ball-valve effect,” a hyperinflated lung, and pneu-
mothorax.” Further, this assisted ventilation either
through a side arm or with a jet ventilator may
force blood and debris onto the bronchoscope, ob-
scuring the vision of the surgeon. Perry and Sander-
son® have shown that PCO2 increases during bron-
choscopy under general anesthesia while remaining
relatively normal under sedation alone. Brutinel et
al® have shown that with general endotracheal
anesthesia, the PO2 and the difference between
arterial and alveolar oxygenation remain markedly
abnormal when general anesthesia is used. As an
added advantage to local anesthesia, the inhaling of
room air alone decreases the risk of ignition of flam-
mable materials. Patients under local anesthesia in
our series were generally amnesic, comfortable, and
immobile.

General anesthesia may be the method of choice
for certain patients. First, benign disease of the
more proximal trachea seemed well treatable under
general anesthesia. Bleeding and clot formation
were less frequent than with malignant tumors, and
the positive pressure or jet inhalation was less likely
to cause ball-valving because of the larger segment
of normal distal trachea and bronchus beyond the
obstruction. Second, general anesthesia appears to
be the method of choice in children, young adults,
and those few patients who for psychological rea-
sons cannot tolerate local anesthesia. Third, in some
patients with existing tracheostomies, a general
anesthetic delivered through the tracheostomy tube
is preferred. Lastly, general anesthesia is acceptable
in treatment lesions of the distal bronchus where
topical anesthesia may be difficult to achieve and
adequate ventilation of the remaining lung is not a
problem.

Third in our criteria for providing relatively safe
anesthesia for laser bronchial surgery is our adher-
ence to the use of a rigid bronchoscope whenever
possible.>® The use of a rigid bronchoscope has
been advocated by other investigators. The 7- to
9-mm bronchoscope offers clearer access to the
lower lung and is the quickest way to access ob-
structive lesions and debris and to control bleeding.
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If the flexible bronchoscope is required, it can be
passed through the rigid bronchoscope. The use of
the rigid bronchoscope as the carrier for the
fiberoptic scope with the Nd:YAG fiber also has ad-
vantages compared to the endotracheal tube. The
larger internal diameter significantly reduces air-
way resistance, and the fire hazard is reduced be-
cause of the lack of a potentially combustible endo-
tracheal tube.*®

Fourth in our protocol are some innovations in
anesthetic technique. Ultrasonic nebulization of lid-
ocaine produces good preoperative anesthesia of the
laryngotrachea. This is supplemented by topical ap-
plication in the operating room where necessary.
Blood samples after nebulization have shown non-
toxic levels (M. Macon, unpublished observations).
The pulse oximeter measures oxygen saturation,
and sudden changes will alert the anesthesiologist to
an impending problem. The use of IV nitroglycerin
aids in maintaining normotension during proce-
dures that produce intense sympathetic stimulation.
Also, the use of helium to dilute the concentration
of oxygen both decreases flammability and provides
decreased gaseous viscosity that improves flow
through areas of air turbulence and obstruction.

Fifth, postanesthetic observation is extremely im-

portant. Reobstruction with tumor debris may ne-
cessitate repeat bronchoscopy. Only by continuous
close postoperative observation will untoward se-
quelae be prevented. Therefore, the patients are
kept in the recovery room for a longer period than
usual.

Lastly, once an adequate airway was established,
we were successful in administering repeat treat-
ments to patients as outpatients. This allowed a
minimum of time loss in the hospital by the patient,
many of whom had only weeks or months left to
spend at home with their families.

Complications noted in this paper are similar to
those described by other authors. Pneumothorax
appears to be more likely under controlled ventila-
tion, since increase in positive pressure may force
air subcutaneously.”!* As in other laser procedures,
we try to avoid endotracheal tubes. The use of a
rigid scope will help in preventing any untoward se-
quelae from ignition of the fiberoptic bronchoscope
because the ignited substance can be retracted in-
side the scope.®'?** Finally, persistent obstruction
postoperatively from tumor debris and slough must
be recognized as a potential complication, and the
postanesthetic recovery room team must be aware
of this possibility.
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VICTOR NEGUS: 57 YEARS LATER
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The three-dimensional morphology of the mammalian larynx was studied for 15 years. Using specimens obtained from a wide variety
of sources, efforts were made to correlate structure with function and thus explain the variations in size and morphology seen in over 150

families of mammals.
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The appointment in 1837 by the Royal College of
Surgeons of England of Richard Owen as Hunterian
Professor, with a commitment to give an annual
course of 24 lectures on comparative anatomy and
physiology, took place against a background of a
clash between the functionalism of Cuvier and the
structuralism of Geoffrey. Not only did it indicate a
commitment by the college to comparative anato-
my and paleontology, but it was seen as a means of
elevating English medicine in Europe and raising
the status of surgery in London.

Owen emerges as a major figure in 19th century
biology, and although his interests changed from
physiology to osteology during his 18-year tenure,
he made fundamental contributions to improving
classification of animals, reintroduced the micro-
scope as an essential scientific instrument, formu-
lated general laws of animal morphology, and was
a pioneer in paleontology.

His research was based not only on the specimens
in the Hunterian Collection but on material pro-
vided by the Zoological Society of London, sent
from the colonies and from expeditions, including
those of both Darwin and Livingstone. One publi-
cation of some 1,000 pages included nearly 6,000
specimens!

Owen was the first to distinguish clearly between
analogous and homologous parts of organisms, giv-
ing the differentiation a clarity that only the breadth
and depth of his systematic knowledge made possi-
ble. His work, however, was not without criticism,
for the Royal College of Surgeons was repeatedly
questioned as to why it focused its limited resources
on comparative anatomy and paleontology, instead
of on human and morbid anatomy or on surgery.
The London medical schools had of course included
comparative anatomy in their curriculum since at
least 1835, and its intrinsic value in the practice of
medicine and surgery had long been advocated.
Owen himself argued that dissection and animal ex-

periments had greatly aided in the understanding of
human anatomy and physiology. The Medical Times
of 1844 commented “No one can acquire a clear in-
sight into the physiology of the human organs unless
he have borrowed from comparative anatomy the
powerful light which that interesting science can
alone shed upon his researches.” By the time Owen
resigned his Hunterian professorship in 1856, a stu-
dent could obtain a medical education in one of 11
London hospital schools, all of which offered a full
program of lectures including morbid and compar-
ative anatomy.?

Not surprisingly, Owen’s morphologic studies —
which included a description of the anatomy of the
opossum, wombat, and even the process of a kanga-
roo’s birth — were of a generalized nature. Few
had the time, funding, and motivation to study the
comparative anatomy of a specific organ in detail.
Today’s anatomic publications bear witness to this
sorry situation, being largely concerned with the ul-
trastructure of portions of organs rather than more
general morphologic concepts.

Whether Victor Negus — the man who not only
inspired the title of this lecture but also the work on
which it is founded — was stimulated by Owen’s
writings I am unsure. It was 65 years after Owen’s
resignation that Negus commenced work in the same
museum of the Royal College of Surgeons in London,
using many of the same specimens enhanced with
material from the Zoological Society of London. He
gave only one Hunterian Lecture, but during the
next 8 years carried out the comparative anatomic re-
search that culminated in 1929 with the publication
of his 528-page volume entitled The Mechanisms of
the Larynx.® This work has been generally recog-
nized as showing the same patient power of assem-
bling observation after observation as Darwin had
and the same hot pursuit of function as was urged by
Hunter. No one can deny such comparisons, particu-
larly when it is remembered that these studies were
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not by a professional anatomist or zoologist but by a
surgeon busily engaged in acquiring surgical train-
ing and, later, a highly successful practice. The lat-
ter must have suffered during this period of intense
time-consuming anatomic research, and Negus
rightly acknowledges in his preface the financial
support provided by his parents.

The appendices included in this monumental publi-
cation illustrate the wide range of species examined,
but give no indication of the number of individual
specimens. Most were macroscopic dissections, for
time and financial restrictions would not have al-
lowed the three-dimensional studies that have occu-
pied my own attention for the past 15 years. Never-
theless, many of his findings were original, and his
interpretation of the mechanism by which this unique
organ functions provided the foundation for much
of modern laryngologic practice.

Few individuals leave behind them memorials of
such stature that, despite the passage of time, they
continue to excite and stimulate. This has been my
own excuse for devoting so much precious energy to
furthering my knowledge of the morphology of the
mammalian larynx. It would be presumptuous of
me to describe my own researches as extensions of
the studies of Owen and Negus; rather, I have at-
tempted to utilize the facilities and expertise of to-
day’s technology to enhance and substantiate the
brilliant conceptions of these pioneer comparative
anatomists.

THE LAST 15 YEARS

The principle of symmorphosis has been defined
as “a state of structural design commensurate to
functional needs resulting from regulated morpho-
genesis, whereby the formation . . . of structural
elements is regulated to satisfy but not exceed the
requirements of the functional system.”* This
relates to symmorphosis at peak aerobic demand
and may therefore be particularly applicable to the
larynx. In essence, the fundamental concept that
structure is primarily related to function has guided
my own investigations. Although Negus and others
examined the morphologic structure of various ani-
mal larynges, little attention has been paid to inter-
species variations in relation to age and sex. De-
tailed three-dimensional reconstruction necessitates
sectioning in at least three planes and measurement
of a wide range of morphologic parameters. Such
research requires a large number of accurately doc-
umented specimens, considerable laboratory re-
sources, and an inordinate amount of personal
time. Thanks to the facilities of the Institute of Lar-
yngology and Otology in London, the Zoological
Society of London and many other zoos, anatomy
departments, and colleagues, I acquired over 670
specimens, which included 150 different families,
up to the end of 1985 (Table 1).

The methodology used in this continuing, long-

TABLE 1. 670 SPECIMENS OF MAMMALIAN LARYNGES
REPRESENTING 150 FAMILIES

Order No. of Families Examined
Carnivora 26
Pinnipedia 2
Proboscidea 1
Hyracoidea 1
Perissodactyla 5
Tubulidentata 1
Artiodactyla 49
Marsupialia 11
Insectivora 1l
Chiroptera 10
Primates 18
Cetacea 2
Edentata . 3
Lagomorpha 1
Rodentia 19
Total 150

term study has been described in a paper published
in 1976.5 After detailed recording, using a custom-
designed punch card based upon that developed in
the Department of Otolaryngology, University of
Toronto, for human laryngeal sectioning, decisions
are made as to whether the specimen is to be sec-
tioned histologically, converted into a museum
specimen (of which there are now 82), or submitted
to macroscopic dissection. Whatever the final out-
come, information collection is the top priority and
utilizes modern photographic and data collecting
techniques. By this means data banks are available
for future evaluation. The unique histologic section
collection, prepared by modifications of the tech-
nique described by Tucker in 1963° but using equip-
ment that permits larynges as large as 15 x 15 cm (6
x 6 in) to be sectioned, allows a variety of different
staining methods.

Although the acquisition of a well-documented,
unique collection of macroscopic and histologically
sectioned mammalian larynges provides the basis
for present and future study, a carefully constructed
research plan is necessary if the full potential is to
be achieved. Negus himself admitted that his origi-
nal purpose was to carry out research primarily
aimed at obtaining a Mastership of Surgery. This
was later developed into a study of voice production
in animals and humans, although fortunately this
worthy ambition was superceded by evaluation of
the fundamental mechanism with which the larynx
functions.

Apart from measuring and recording the mor-
phologic and histologic features of many species of
mammalian larynges unknown to most anatomists,
it has been difficult to construct a clearly defined
program. Only when a large, representative num-
ber of specific specimens become available is it pos-
sible to carry out reliable comparative research.
Eutherian mammals are divided into ten orders, but
these are based on specific morphologic characteris-
tics that bear little or no relationship to physiologic
behavior or ecologic separation. Both the 2.5-kg
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Fig 1. Radiograph of adult gorilla larynx.

mouse deer (Tragulus javanicus) and the 3,000-kg
hippopotamus (Hippopotamus amphibius) belong to
the order Artiodactyla but have little else in com-
mon. It has been necessary therefore to obtain addi-
tional information, largely from field studies of life
history and natural behavior to supplement ana-
tomic studies so that specimens are grouped realis-
tically for analysis. This is clearly of importance in
studies of the means whereby all young mammals
avoid inhalation of milk when feeding, irrespective
of their eating habits when mature. It is of para-
mount importance when analyzing the influence of
laryngeal and tracheal size on maximum running
speed,” and it is then that the paucity of reliable be-
havior pattern data is appreciated. What better oc-
casion than the 12th lecture in memory of that su-
perb laryngologist with a most enquiring mind,
Daniel Baker, to present a more comprehensive and
scientific assessment of Negus’s The Mechanisms of
the Larynx.? Unfortunately this is not possible, but I
can offer a resume of the work carried out to date
that encompasses the detailed analysis of certain
specific problems, comprehensive research into one
specific topic, and an overview of a major morpho-
physiologic problem.

Ossification Within Primate Larynx.® Despite con-
siderable variations in size, behavior, vocal expres-
sion, and habitat, members of the order Primate
have much in common. During the process of exam-
ining primate larynges, variations in ossification of
the laryngeal cartilages were noticed on both radio-
logic examination and histologic section. Com-
parisons of the pattern of ossification in 145 serially

Fig 2. Transverse section of Noctilio leporinus larynx show-
ing ossification of anterior portion of thyroid lamina and
body of cricoid (original x20).

sectioned human larynges with 29 nonhominid pri-
mates, supplemented by radiographic assessment of
341 larynges, showed considerable similarity (Fig 1).

Although ossification of the hyoid was seen in
some juveniles, it was never present in other laryn-
geal cartilages except in adults (the bat larynx is
usually completely ossified, even in the immature
animal) (Fig 2). It was concluded that as with hu-
mans, sites of ossification are related to areas of in-
creased tension.

Biomechanics of Giraffe Larynx With Reference
to Fiber-Size Frequency in Recurrent Laryngeal
Nerves.®'° The acquisition of a number of giraffe
(Giraffa camelopardus) larynges together with the
trachea provided an opportunity for investigating
the intrinsic problems of vocalization in an animal
that possesses an inordinate volume of tracheal dead
space and a recurrent laryngeal nerve 2.5 m long.
The volume of the dead space is approximately nine
times and lung capacity eight times that of humans,
with a tidal volume of between 2.7 and 4.1 L. How-
ever, this animal has evolved a variety of mecha-
nisms for maintenance of alveolar ventilation with
expiration assisted when running by diminution of
the tracheal lumen by concentration of a posterior
muscle (Fig 3), as in the horse. The near absence of
sound production, except when calving or attacked,
is probably related to low rates of air flow. How-
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Fig 3. Transverse section of Giraffa camelopardus trachea
showing involuntary muscle lying posteriorly between
arms of cartilaginous ring.

ever, captive calves bellow when seeking milk, and
adults have a repertoire of sounds little different
from other ungulates. There is no reason for disbe-
lieving that the motion of the vocal cords is asym-
metrical despite a possible difference in length of 30
cm between the recurrent laryngeal nerves. This
variation is present in all mammals and measure-
ment of fiber-size frequencies using an Optomax
Image Analyzer system with computer backup shows
this difference to be associated with a greater pre-
ponderance of large fast-conducting fibers in the
longer recurrent nerve. In some mammals, such as
the giraffe, the recurrent laryngeal nerves carry

only motor fibers, sensory impulses being carried in
a smaller, closely associated pararecurrent nerve.

Functional Anatomy of Immature Mammalian
Larynx. One of the most exciting studies has been
that carried out by Pracy"! on our collection of im-
mature larynges. Over 50 different species were ex-
amined morphologically and histologically to deter-
mine: 1) differences in relative and absolute size;
2) gross morphology; 3) variations in glandular con-
tent and activity; and 4) differences in relative size,
shape, and structural importance of the cartilages.

A previous study of the morphologic and histolog-
ic anatomy of the larynx in the human infant had
revealed important and unsuspected differences be-
tween it and the adult organ. Since all young mam-
mals feed on milk for a period in their immediate
extrauterine life, it was likely that identifiable dif-
ferences existed between mature and immature la-
rynges in other species of mammals.

Differences in size and gross morphology are most
obvious on visual evidence, confirming the greatest
change when the diet of the mature animal is com-
posed of liquid with a bolus of solid food. The most
striking difference is seen in the lion, where the
cub’s larynx looks more like that of a primate or her-
bivore. In the mature animal the arytenoids are rel-
atively low with no lateral arytenoepiglottic folds
(Fig 4). Indeed, the most obvious variations seen be-
tween adult and infant larynges lie in the lateral re-
gion of the larynx. High lateral folds are needed for
the safe, and often rapid, injection of milk. These
disappear when the diet is carnivorous. Measure-
ments of the ratio between the height of the aryte-
noid complex relative to the height of the cricoid
lamina were made in 70 larynges. These were car-
ried out using calipers or by projections from histo-

Fig4. Lion larynges. A) Cub larynx showing up-
right epiglottis with lateral edges curled around
arytenoids to create lateral food channels. B)
Adult larynx showing epiglottis overhanging
glottis with no aryepiglottic folds.
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TABLE 2. RATIO BETWEEN HEIGHT OF CRICOID
LAMINA AND HEIGHT OF ARYTENOIDS

Adult Mean Immature Mean
Order (cm) (cm)
Carnivora 0.46 0.56
Primates 0.93 0.99
Perissodactyla 0.94 1.24
Artiodactyla 0.85 0.91

logic sections. These figures confirmed that diet was
associated with a definite ratio range, the order
Carnivora having the lowest posterior walls and
Perissodactyla the largest (Table 2).

In most immature animals the mucosa covering
the arytenoids is swollen by large quantities of se-
creting submucosal mucous glands. Support for the
supraglottis is provided in some species by glandu-
lar enlargement, although unfortunately distribu-
tion is variable between orders and individual spe-
cies. The use of “gland maps” (Fig 5) indicates that
substantial support to the supraglottis can be pro-
vided by engorgement of mucous glands, although
distribution is variable and the purpose of this se-
cretion uncertain. However, many problems relat-
ing to fine structure and function of the immature
larynx remain unsolved. Research is continuing on
variations in the epithelial covering purpose of
glandular secretion and the mechanism of drinking.

Scaling in Relation to Laryngotracheal Morphol-
ogy. Fink'? suggested that mammalian larynges dis-
play many adaptive innovations not possessed by
other classes of animals, the larynx being the pri-
mary control mechanism for metabolic oxidative
pathways. Variations in maximum glottic aperture
(MGA) might therefore influence oxygen availabili-
ty. The importance of maximal aerobic capacity for
survival in terms of a prey-predator relationship
emphasizes the significance of maximal rather than
basal metabolic rates. Seeherman in 1981'* found
that maximum aerobic capacity scaled with body
mass in a manner not significantly different from
basal metabolic rate, with an exponent of 0.75.
Scaling of other parameters suggested that for ani-
mals of increasing body size there is a corresponding

Fig 5. Schematic maps of hutias showing distribu-
tion of mucus-secreting glands (original x12). Left —
infant, right — adult.

increase in respiratory structures over and above
that which might be needed for normal aerobic ca-
pacity. Although many complex factors are impli-
cated in the control of animal locomotion, the glot-
tic aperture may well be the ultimate limiting fac-
tor to increasing air flow and oxygen uptake.

Measurements made from a large number and
wide variety of mammalian larynges and tracheas
available in my collection have been used to investi-
gate the scaling of MGA, tracheal cross section, and
maximum running speed with body mass. Initial re-
sults” using vocal cords abducted manually took no
account of joint and muscular fixation therapy, in-
troducing an error that reduced glottic area. Fur-
ther measurements have been made on larynges
where all muscular attachments have been dissected
free from the arytenoids, representing maximal
anatomic airway rather than the physiologic state.
While accepting that intrinsic errors exist in the
measurement of maximum physiologic glottic air-
way, tracheal cross section, dead body weight, and
maximum running speed, the results of linear re-
gression analysis of these parameters for species
grouped according to natural behavior patterns im-
plies that maximum running speed is closely corre-
lated with a proportional scaling of MGA to body
mass. For MGA against body mass, the most likely
exponent is 0.67 (an isometric scaling), and MGA
against tracheal area confirmed an exponent of 1.33.

Although in general the available data confirm
certain basic principles and expectations, considera-
ble anomalies exist. It is surprising that many carni-
vores, which might be expected to have a relatively
poor maximal aerobic capacity, have relatively
large maximum glottic and tracheal areas. Some
antelopes, on the other hand, appear to have pro-
portionally smaller maximum glottic and tracheal
areas for their body size. No simple explanation or
correlation exists to explain the considerable varia-
tions in morphology that are seen between mam-
mals of varying orders and families, and research
continues.

Cricothyroid Muscle, Air Sacs, and Glands. Lit-

cartilage

glands
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tle attention has been paid to the considerable vari-
ation in size, attachment, and relationship of the
cricopharyngeus and inferior constrictor muscula-
ture in mammals of varying vocalization and die-
tary habits. Dissections provide considerable data,
which will require analysis, for once again the rela-
tionship is not immediately obvious.

Histologic sectioning of specimens provides a
three-dimensional concept of structures such as air
sacs and secreting glands. Variations in size, situa-
tion, and function cannot be correlated with either
species or natural behavior, although some rational
explanation is to be expected.

CONCLUSIONS

Animals are not usually isometric even when or-
ganized on similar patterns. Instead, certain pro-
portions change in a regular fashion. Such noniso-
metric scaling is often called allometry (from the
Greek alloios, meaning “different”) and can be de-
scribed as differences in proportions correlated with
changes in absolute magnitude of the total organism.
Many morphologic and physiologic variations will
scale relative to body size conforming to a general
allometric equation. Such mathematic expressions,
although summarizing trends in available data, are
no substitute for logical explanation. Indeed, bio-
logical measurements incorporate certain degrees of

variability stemming from experimental technique
and the state of the animal. Variability on an absolute
scale is less for smaller animals than for larger ani-
mals, but because body mass ranges over several or-
ders of magnitude, even a 25% error in true mass will
have only a minimal effect on the overall relationship.

The design of the respiratory system, in which the
larynx plays such a vital role, is probably adapted to
maximum challenge, not minimum demand. It would
be expected, therefore, that the system would scale
in proportion to oxygen requirements, particularly
at maximum running speeds. Quadrupeds use a wide
range of running gaits in relation to speed depend-
ing upon size. At high speeds nearly all gaits are
about equally economical regarding energy lost,
and therefore a meaningful relationship should exist
between MGA and other morphologic characteris-
tics of the respiratory system.

Negus’s explanation of the mechanism by which
the larynx functions was, not surprisingly, oversim-
plistic. However, three-dimensional studies and mor-
phologic measurements of a wide range of mammals
have served to emphasize the variability and com-
plexity of function that exists within this fascinating
organ. Further study will, I hope, offer some expla-
nation for the structural differences which exist and
relate them to the functional requirements of each
species.
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LYMPHANGIOMAS OF THE LARYNX IN INFANTS AND CHILDREN
A SURVEY OF PEDIATRIC LYMPHANGIOMA
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Lymphangiomas are uncommon benign congenital lymphatic tumors of childhood. They are found in all parts of the body structure,
but rarely occur in the larynx. This paper reviews charts of 160 patients with cystic hygroma (lymphangiomata) of whom ten had extensive
involvement of the larynx. A benign but nevertheless challenging tumor, its treatment demands the patience and skill of the surgeon. The
lesion is more common in the white patient, and 40 % appear in the newborn. Fifty percent present by the end of the first year of life, and
75% by the end of the second. The onset is uncommon in the older child and a rare occurrence in the adult. The treatment of lym-
phangiomata is surgical excision, and is more difficult when in the larynx. Laser surgery has been most helpful when the lesion is in the
laryngeal complex. Considering the extreme difficulties which lymphangioma present to the child and to the physician, the ultimate results
of all forms of conservative surgical therapy can be rewarding. Excessive or radical surgery will not necessarily guarantee complete

elimination of disease and may be harmful.

KEY WORDS — benign tumor of lymphatics, hygroma, laryngeal lymphangioma, lymphangioma, lymphatic tumor.

INTRODUCTION

Lymphangiomas are uncommon congenital be-
nign malformations of the lymphatic system. They
are considered clinically as tumors. However, path-
ologically they are defined by some authors as vaso-
formative defects or hamartomas. Lymphagiomas
rarely occur in the larynges of infants and children.
This study covers a period of 30 years and includes
all available documented charts of 160 patients
with the diagnosis of lymphangioma, cavernous
lymphangioma, and cystic hygroma. We present an
overview of cystic hygromas in children and report
ten patients with extensive involvement of the lar-
ynx, the histopathology of the disease, forms of
treatment, and complications. The endoscopic find-
ings are documented and a differential diagnosis is
outlined.

For the purpose of this study, lymphangioma and
cystic hygroma will be used synonymously since
most of the patients had more than one stage of the
lymphangiomatous malformation. The paper re-
views the literature and embryology, and gives the
symptomatology, anatomic sites, and the differen-
tial diagnosis of the tumor.

LITERATURE REVIEW

A literature review is valuable in outlining the
origin and development of the tumor and the vari-
ous methods of treating the disease. It is with
Sabin’s"? monumental works on the origin of the
lymphatic system from veins and the development
of the lymph hearts and thoracic duct in pigs that a

better understanding of the embryology of the lym-
phatics was developed. With these scientific pub-
lications, the origin of congenital abnormalities of
the lymphatic system could be better understood.
Cystic hygroma, first identified by Wernher® in
1843, was described as a tumor occurring in the
head and neck with a predilection for certain sites
in the body. Von Rokitansky* was of the opinion
that the lesion is due to an accumulation of serous
fluid in the fetus and is limited by tissue spaces.
Luschka® suggested that it is a cystic outgrowth of
the internal carotid gland. Virchow® promoted
Wernher’s opinion, and it became generally ac-
cepted that lymphangiomas are tumor formations.
It was Koester’ who demonstrated endothelial lin-
ings in the cyst by injecting silver solution, and was
the first to use the term lymphangioma. Goetsch® in
1938 demonstrated sprouts of endothelial tissue ex-
tending from the cyst wall engulfing nerves, muscle
fibers, and blood vessels causing atrophy, fibrosis,
and hyalinization of the engulfed tissue. He re-
ported seeing two patients 38 and 34 years of age
with hygromas and indicated that these tumors are
more common in females and in white patients. Mc-
Clure and Silvester® regarded cystic hygroma as se-
questrations of lymphatic tissue with inherent
growth potential, a direct result of failure of the
primitive lymphatics to recommunicate with the
venous system. They reported that since the neck is
a part of the body most richly endowed with lym-
phatics, it is the most common site of these growths.

Goetsch and Dowd*® agreed that cystic hygromas
are benign but true neoplasms originating from en-
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dothelial sprouts. They reported that the individual
tissue unit such as a muscle fiber may be isolated,
surrounded, and destroyed, and may undergo hy-
dropic and fatty degeneration. Small droplets of fat
appear within the muscle fiber when this occurs; in
groups of fibers distinct areas of adipose tissue com-
monly are seen in the walls of larger cysts and in ad-
joining tissues. This resolution into fat represents a
replacement of normal tissues destroyed by the hy-
groma. They disagreed with Thompson and Keiller**
and other writers that the extension of hygroma into
neighboring regions is not due to invasive power on
the part of the endothelium, but is caused by cyst
formation in lymphatic anlagen occupying these re-
gions. Their studies supported the view that this tu-
mor arises from lymphatic sequestrations of the
primitive jugular sac, and that the sequestrated lym-
phoid tissue had within it an independent power of
irregular growth. Vaughn'? reviewed 64 cases from
the literature and added one of his own. He re-
viewed the forms of therapy such as surgery, irradi-
ation, observation, and needle aspiration. In 1924
New!? reported a case which was treated with irra-
diation, and Figi'* at the same institution used radi-
um in 12 of 13 cases. Furstenberg!® suggested surgi-
cal excision as being the treatment of choice. He re-
inforced the idea that “these lesions are exceedingly
resistant to irradiation.”

Gross and Goeringer!® stated that the most com-
mon site of cystic hygromas is in the posterior tri-
angle and also the supraclavicular fossa extending
over the crest of the shoulder. When anteriorly
placed they may extend high just beneath the angle
of the jaw. Gross and Goeringer reported 27 pa-
tients: 17 had tumors on the left and ten had them
on the right. In their series 55% were present at
birth, 75% appeared within the first year of life,
and 90% presented by the end of the second year.
The oldest patient in this study was 14 years of age.
It was the opinion of Gross and Goeringer that
spontaneous regression of the mass does not occur
and that expectant treatment should not be applied
to this tumor. They reported that surgery is essen-
tial, aspiration of the tumor can encourage infec-
tion, and injection of sclerosing agents or the use of
a seton may cause uncontrollable infection. They
reviewed the Mayo Clinic report of Figi** in which
12 patients received 3,000 to 7,000 mCi of radium;
seven died of sepsis, five survived, only three were
cured, and two improved.

Eggston and Wolff'” in 1947 suggested that lym-
phangiomas be classified as telangiectatic, cavern-
ous, or cystic. They stressed that pathologically,
capillary lymphangioma is very difficult to dis-
tinguish from capillary hemangioma. Anderson'®
reviewed 167 tumors of vascular origin seen be-
tween 1935 and 1951; 20 were hemangiomas and 28
were hygromas. In his survey, tumors of vascular
origin formed the largest group of mesodermal tu-
mors. Freeman® in 1953 added eight cases to the lit-

erature and indicated that there was no evidence of
recurrence despite the fact that vestiges of the tu-
mor had not been removed. Only one patient had a
two-stage operation.

Briggs et al*® in 1953 reported a series of 56 pa-
tients who were seen at the Childrens Hospital of
Los Angeles over a 17-year period. They found that
there is no sex difference and that the lesion is rare
in black patients. They stressed the benefits of anti-
biotic use in relieving postoperative infection and
compared operative results and x-ray therapy. Of
the 56 patients they reviewed, 26 had tumors in the
neck and five had them in the head and face. Symp-
toms were usually minimal unless complications oc-
curred. Most of the tumors grew slowly and only
four had rapid growth. Two of their patients were
treated with irradiation with questionable improve-
ment; one was lost to follow-up and the second
child developed an abscess that required incision
and drainage. Four years later this patient died
elsewhere of endarteritis obliterans of the pulmo-
nary vessels. One death occurred 18 hours after sur-
gery. Briggs et al suggested that remnants of re-
maining cysts should be opened and that this may
prevent recurrences.

Childress et al** reviewed the embryonic origin
and 17 cases of mediastinal lymphangiomas in the
literature, and added one case of their own. They
felt that the cases they reviewed supported the pos-
tulate that these cysts neither retain connection
with their parent vein nor enter into union with the
lymphatic system.

Morfit?? in 1960 reported eight patients with lym-
phangioma of the tongue who were otherwise nor-
mal in all respects. The tumors appeared on the sur-
face of the tongue and adjacent floor of the mouth
with periodic episodes of ulceration and enlarge-
ment of the tongue. Involvement was too extensive
to permit eradication by resection and, in all of
these patients, the tumor persisted. Long-term fol-
low-up showed a grotesque distortion of the tongue,
but the tumor did not continue to grow and arrested
at the completion of adolescence. These patients al-
so had involvement of the submandibular, parotid,
and submaxillary areas. Of importance in patients
with tongue involvement is the therapy required to
treat the open bite and poor dental hygiene.

According to Meyerson,*® the first accurate de-
scription of the terminal lymphatic vessels of the mu-
cous membrane of the larynx was given by Teichman
in 1871 who stated that the lymphatic system of the
larynx is better developed in infants and young chil-
dren who present with a greater number of chan-
nels and lymph nodes than in the adult. The lym-
phatic network of the larynx is well developed ex-
cept along the free borders of the true vocal cords,
the inferior aspect of the epiglottis, and the thyro-
epiglottic ligament. The lymphatics are densest
where the mucous membrane is thickest. The supra-
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glottic area consists of four to six channels which
unite into a pedicle near the anterior part of the
aryepiglottic fold of each side and then cross to folds
in the corresponding lateral aspect of the epiglottis.
Lymphangiomas, he stated, are extremely rare, but
may vary in size from a millet seed to a large walnut.
They occur in the epiglottis, aryepiglottic folds, and
arytenoids. He cautioned that “biopsy may cause a
flow of lymph which may last for many days.”

Bill and Summer** in 1965 suggested that lym-
phangiomas and cystic hygromas are varying de-
grees of the same lesion. In a group of 61 patients,
25 tumors were in the neck, 35 were in the head,
and one was in the larynx. Among the head tumors
were eight in the tongue, seven in the cheeks, seven
in the floor of the mouth, five in the parotid, two in
the lip, and two in the nose. Of 3,000 new admis-
sions to the Children’s Orthopedic Hospital in Seat-
tle, only five new patients with cystic hygroma were
admitted per year. No instance of spontaneous re-
gression occurred, but one patient with airway ob-
struction without a tracheotomy died. There were
three deaths in this series. These authors disagreed
with Goetsch® in saying that in none of their series
was there an impression of actively infiltrating sur-
rounding tissue. Superficial blebs were noted in the
skin of the trunk and abdomen and were especially
prominent in the tongue. With tongue involvement
there was associated prognathism and malforma-
tion of the jaws. Bill and Summer suggested that in
the extremities amputation may become necessary.

Barnhart and Brown?® in 1967 reported a 2-day-
old newborn with a giant lesion of the right side of
the face, neck, base of the tongue, and left neck
who required a tracheotomy. Tongue swelling was
treated with cautery, but there was no follow-up to
this therapy: whether the larynx was involved is un-
known. Proctor and Proctor?® felt that the only ac-
ceptable method of treatment of lymphangioma-
tous lesions is surgery. They claimed that complete
removal is not as essential as with branchial cleft
cysts because recurrences are not as likely if all
grossly abnormal tissue is removed. Ward et al*’
suggested that cystic hygroma is a variable lesion
with rapid growth, slow enlargement, or intermit-
tent growth; it becomes inactive or may undergo
spontaneous regression. They felt that total extirpa-
tion is preferred, but if impossible to accomplish,
the residual cysts should be opened as advised by
Briggs and associates.?® Ward et al*’ reported six
cases with one mortality. One patient required a
tracheotomy until he was 12 years of age. The status
of the larynges of their patients is unknown.

Johner?® reviewed the lymphatics of the larynx
and recorded that much of the knowledge of the
lymphatics of the head and neck is derived from the
classic study by Rouviere in 1938.%° Johner stated
that if the lymphatic system is indeed derived from
the venous system, there is no specific evidence to

prove distinct embryologic compartmentalization
of the supraglottic and the subglottic lymphatics.
Ruben et al*® in 1975 reported a 20-month-old in-
fant with a cystic lesion in the valleculae which
filled the preepiglottic space. The lesion was aspi-
rated and removed endoscopically but recurred 14
months later. It was removed again and had not re-
curred when the child was seen 5 years later. Histo-
logically, the cyst was covered with stratified squa-
mous epithelium, had several cystically dilated vas-
cular channels within the specimen, and was con-
sidered a lymphangioma. Hebert et al*! in 1975, in
a report on vascular tumors of the salivary glands in
children, suggested that finding a calcification in
the mass, particularly in a female, is diagnostic of a
hemangioma, since lymphangiomas do not calcify.

Saijo et al** reported that lymphangiomas have
not been established as malformations, benign neo-
plasms, or hamartomas. They reported 177 patients
with lymphangiomata, 164 confirmed by biopsy,
who were seen between 1927 and 1964. Intra-ab-
dominal lesions were not included. Fifty-six percent
of the patients were male and 44% were female.
One tumor invaded bone. Ninety-two percent of
the patients were treated surgically, 4% were
treated by aspiration, three were treated by irradia-
tion, and eight had no treatment. Six patients died,
three of postoperative complications, one with mul-
tiple congenital defects, one with hyaline mem-
brane disease, one with enterocolitis, and one with
multiple lymphangiomatosis. None of these patients
had laryngeal involvement or malignancies. Those
patients without therapy had residual asymmetry;
one was followed-up until 10 years of age, another
until 19 years of age. However, there was no tissue
biopsy performed in either of these patients. Saijo et
al stressed that mutilation may be avoided by re-
peated planned excision rather than extensive sur-
gery, particularly in the facial area.

Jones et al*® in 1976 reviewed benign tumors in
the infant and child and reported that angiomas
rarely cause any diagnostic difficulties and that
lymphangiomas of the parotid are less common
than hemangiomas. Levin et al** reported 121 lym-
phangiomas of the alveolar ridge occurring in 58
newborn infants. They described them as blue-
domed fluid-filled lesions on the posterior crest of
the maxillary and on the posterior lingual surface of
the mandibular ridges. None were found in white
neonates. The lesions were usually multiple and bi-
lateral. During biopsy, fluid escaped and the lesion
collapsed and might disappear during the trauma of
eating or during tooth eruption. Surgical removal
could be unnecessary. Schuller and McCabe® re-
viewed 587 noninvasive salivary gland neoplasms dur-
ing the years 1938 to 1975. Only 19 or 3.2% of these
tumors occurred in patients 16 years or younger.
Approximately 60% of the benign tumors in this
series were of vascular origin. There was a slight
prevalence of lymphangiomas in this series, whereas
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in other reports, hemangiomas are said to be the
most common vascular tumor affecting the salivary
glands. Jones et al,* in a symposium on benign neo-
plasms of the larynx, stated that lymphangiomas
are rare and that the literature is sparse regarding
this disease. They quoted El-Serafy*” who reported
a single case of an isolated intrinsic lymphangioma
of the larynx in 1971 but they could find no re-
ported cases of a similar lesion.

Holinger et al®® considered lymphangioma to be a
vascular anomaly and not a true neoplasm, and re-
ported seeing six cases of laryngeal lymphangiomas
in a series of 806 congenital abnormalities of the lar-
ynx. They felt the lesion represents an extension of a
cystic hygroma from the neck and recorded a single
case of cystic hygroma extending from the neck into
the larynx. The infant required a tracheotomy at 7
days of age and had undergone a variety of proce-
dures prior to being treated by the authors. A supra-
glottic laryngectomy was performed at age 14, but
airway obstruction persisted and required two other
endoscopic excisions prior to eventual decannula-
tion. They reported two other men, 53 and 67 years
of age, with isolated intrinsic laryngeal lymphangi-
omas. The tumors were pedunculated and were re-
moved endoscopically. Both patients died from
other causes and there was no evidence of tumor of
the larynx after 9 months and 10 years, respectively.
Nothing was found in the literature review which
gave detailed studies of laryngeal lymphangiomata

in childhood.

EMBRYOLOGY

Lymphangioma is caused by an abnormality of
lymphatic development. The origin of the tumor is
probably similar to that suggested for tumors com-
posed of blood vessels. Ewing®® proposed that the
hemangioma is an anomaly of development of vas-
cular segments which retain embryonal characteris-
tics and do not fit into the circulatory system. Rib-
bert* studied the origin of simple angiomas and ob-
served that the tumor develops and grows in a part
of the blood vessel wall. There is a proliferation of
newly formed blood vessels that invade the neigh-
boring tissues but never connect with a normal
blood vessel.

It is assumed that isolated lymph vessels take on
neoplastic behavior and slowly proliferate, forming
a network of new lymph channels, and like heman-
giomata, never communicate with major lymph
channels. The congenital lymphangiomas may be
found in many parts of the body both superficial
and deep. Sabin! confirmed that the lymphatic sys-
tem is derived from veins and is of a vascular rather
than mesenchymal origin. This countered the previ-
ously accepted theory* that the system developed
within mesenchymal spaces and serous cavities.
Sabin’s studies on the pig embryo revealed that the
early lymphatic system starts from certain centers

and spreads gradually over the surface of the body.
The first area is in the neck from which vessels grow
over the head, shoulder, and neck. The second area
is over the crest of the ilium from which vessels
grow over the back and hip. Subsequent centers
form the axilla and inguinal region from which ves-
sels grow over the ventral aspects of the body wall
and limbs.*

The primary anlage of the lymphatic system is
the bilateral and symmetrical jugular sac. The an-
lage is formed by small veins opening into the jugu-
lar vein that coalesce, are cut off from the vein, and
thus form a sac entirely free from the vein for a
time. The sac later rejoins the vein. The endothelial
lining of the sac is derived from the endothelium of
the veins.!

In some mammals the lymphatic system starts as
a series of sacs of which eight have been described.
Three are paired: the jugular, subclavian, and pos-
terior lymphatic sacs; and two are unpaired sacs:
the retroperitoneal and cisterna chyli. In the human
there are only six, since the subclavian sacs are real-
ly extensions of the jugular sacs. The mammalian
sacs develop as a simple lining of endothelium and
do not develop any muscle in their walls. The fate
of the sacs is to become completely transformed into
a group of lymph nodes, except for a cisterna chyli.
The great primary groups of lymph nodes for each
region, through which lymph must pass before en-
tering the veins, originate in the lymph sacs. In the
80-mm embryo, the lymphatic system is similar to
that of the adult, the primitive system is complete,
and the sacs form the primary lymph nodes. The pe-
ripheral vessels extend to the skin and to the viscera
and secondary nodes form along these vessels. Con-
nection of the various sacs occurs by means of a cis-
terna chyli and thoracic duct.*

PATIENT INFORMATION
STATISTICAL ANALYSIS

Of the 160 patients in this study, 90 were male
and 70 were female. One hundred twenty-seven
(79%) were white, 27 (16%) were black, and six
(4%) were Oriental. The age at onset of symptoms
and presentation of the tumor was the newborn
period in 39.5%, by the age of 6 months in 51 %, by
the end of the first year in 57.5%, and by the end of
the second year in 75%. Eighty-five percent ap-
peared by the end of the fifth year, and over the
next 12 years, 98 % of the patients had documenta-
tion of the tumor. The oldest patient was 17 years of
age, and three patients had no documentation of
the onset of their symptoms or the appearance of
the tumor.

Ten patients required tracheotomies to support
airway obstruction. In nine of these patients laryn-
geal lymphangiomas were present that made tra-
cheotomies mandatory. One patient with a lym-
phangioma of the tongue in whom the larynx was
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normal was tracheotomized to support airway ob-
struction produced by the huge tongue filling the
mouth and oropharynx. Two patients with postop-
erative obstruction caused by giant swelling of the
tongue were treated with tongue sutures until the
swelling subsided.

Three of the children in this study were one of
twins. The site of their lesions varied and included
almost every part of the body. The other twin in
each case was perfectly normal without evidence of
any lymphangiomas or cutaneous lesions. Five pa-
tients who had oral and/or laryngeal lymphangio-
mas required gastrostomies. Five patients with neck
involvement had extensions into the mediastinum.
Interesting were the associated findings of skin le-
sions in patients who had cystic hygromas, a fact
that misled the examiner as to the true diagnosis. In
one patient, the skin over the mass lesion had a
hairy nevus, in another there was telangiectasis;
three patients had port-wine stains, another had
melanin deposits, and another had papilloma of the
skin over the area of the lymphangioma. The color
of the tumor varied. While in most of the patients
the skin color was normal, a bluish or even hemor-
rhagic color was seen in 14 patients. This sometimes
confused the diagnostician and caused the diagnosis
of a hemangioma to be made. Infection in the le-
sion, either preoperative or postoperative, occurred
in 15 patients, suggesting vulnerability to infection.
Of this number, five patients had serious infection
requiring prolonged antibiotic therapy. Tracheal
and esophageal deviation occurred in five patients,
but actual invasion of either of these two structures
did not occur. All of the children were normal ex-
cept one who had developmental delay following
meningitis unrelated to his hygroma. While fre-
quently described as a painless progressive swelling,
the hygroma produced painful mass lesions for ten
of the patients in this series. This condition was un-
related to trauma or infection within the hygroma.
Whether compression of nerve elements accounted
for the discomfort could not be determined.

SYMPTOMATOLOGY

Many of the patients had no symptoms except for
the appearance of a slowly or rapidly enlarging
mass. The mass was localized, single or multilocu-
lated, and frequently it spread in an undefined
fashion. Rapid growth or discoloration of the tumor
created great concern to the physician and parents.

Symptoms varied with the site of the lesion. In
the larynx, the two major symptoms were airway
obstruction and voice change. Dysphagia was espe-
cially noted when the tongue, floor of the mouth,
and larynx were involved. Occasionally, drooling
and oral bleeding occurred. Involvement of the
floor of the mouth with change of position of the
tongue caused difficulties with feeding. When in-
fection occurred within the tumor, it was frequent-
ly preceded by an upper respiratory infection, and

growth of the lesion was rapid. Speech difficulties
were present in patients with floor of the mouth and
tongue involvement. Dental malocclusions occurred
in many of these patients requiring therapy after
the oral tumor was controlled. Some patients had
tenderness and pain, especially those with tumors of
the extremities and shoulder. Cough, fever, wheez-
ing, and chest pain were not uncommon in patients
with mediastinal involvement. In one infant with a
chest wall hygroma, dyspnea was prominent. When
the abdomen was involved, a palpable mass, anemia,
tachypnea, vomiting, diarrhea, cramps, pain, and
anorexia initiated a search for a cause. In general,
symptoms were nonspecific and related to the site of
the lesion. The most important symptom was the
appearance or palpation of a mass lesion.

SITES OF INVOLVEMENT

The most common site of lymphangioma was in
the head and neck and occurred in 73 of the patients
(45%). Few parts of the body were immune to pri-
mary or secondary involvement by the tumor. The
upper and lower extremities were the next most
common areas of involvement, and when the lesion
extended into the terminal portions of the extremi-
ties such as the fingers, surgery was complex and re-
currences were frequent. Of the 87 patients (55 %)
with cystic hygroma in parts of the body other than
the head and neck, 37 were on the right side, 48
were on the left, and two were in the middle area.
The site and side of the cystic hygromas of the head
and neck are listed in the Table; it will be noted
that in the neck there is a slight preponderance of
right lesions.

It was uncommon to find isolated multiple lym-
phangiomata in this group of patients. However,
five patients had two areas of involvement: one had
abdominal and thigh involvement; another had a
mass in the right cheek and tip of the tongue; an-
other had a flank lesion and mass in the inguinal
and scrotal area; one had a thigh and right lower
quadrant abdominal tumor mass; and the fifth had
both neck and mediastinal involvement. In the lat-
ter patient, the neck mass had béen removed in the
neonatal period and the mediastinal mass required
removal at 3", years of age.

ASSOCIATED ANOMALIES

Associated anomalies or defects were also uncom-
mon and included congenital glaucoma, ventriculo-
septal defect, Klippel-Trenaunay syndrome, aneu-
rysm of the common iliac artery, hydrocele, pyloric
stenosis, and neurofibroma of the scalp.

REVIEW OF PATIENTS
REPORTS

Patient 1. An 11-month-old black male was ad-
mitted to our hospital on Dec 7, 1981, after transfer
from another hospital with the diagnosis of He-
mophilus influenzae meningitis. The patient had
had a resection of a cervicofacial hygroma and post-
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SITES OF CYSTIC HYGROMAS IN HEAD AND NECK
Site Number

Neck 60
R 30
i 21
Bilateral 9
Larynx
Parotid
Orbit
Face
R
15
Lip, midline
Cheek
R
16

Preauricular, R

—
(=]

Mouth and tongue

Tongue and floor of mouth
Neck, tongue, and mouth

Neck, mouth, tongue, and larynx

DO 00 W B WM DN - —DNDW — D

Neck and larynx

operatively had developed the complication of pa-
ralysis of the seventh, ninth, and tenth cranial
nerves. On admission, the infant was acutely ill,
showed evidence of developmental delay, and had
otitic meningitis. Airway obstruction and feeding
difficulties were prominent. There was residual
lymphangioma on the right neck within the sub-
mandibular area with involvement of the right side
of the floor of the mouth. An x-ray study of the
chest revealed a right upper lobe mass with sur-
rounding atelectasis. A computed tomographic scan
of the head showed dilated ventricles. Because of
airway problems, endoscopic examination and a
tracheotomy were required, and a right extensive
simple mastoidectomy was performed. The right
arytenoid was extremely large, pale, and edema-
tous, and protruded into the endolarynx. Exposure
was difficult and the true vocal cords and tracheo-
bronchial tree were normal. Direct laryngoscopy
revealed the base of the tongue and right lateral
pharyngeal wall to be extensively involved by a
cystic hygroma. The mass lesion filled the vallecu-
lae and pushed the right aryepiglottic fold and right
arytenoid into the endolarynx. The subglottic area
was normal. A feeding gastrostomy was performed
and the patient’s progress was satisfactory.

On March 24, 1982, direct laryngoscopy showed
the hygroma in the supraglottic area, and the right
true vocal cord was paralyzed in the paramedian
position. The airway was adequate and the child
was decannulated. He was discharged on March 31.
Following his discharge he had multiple admissions
for pneumonia, suture granuloma removal from the
neck, and periorbital cellulitis, and was noted to
have a moderate residual right submandibular
hygroma. His larynx was not reexamined on subse-
quent admissions, but there was no documented

evidence of airway obstruction. His last admission
on April 18, 1985, was for recurrent swelling in the
right neck, fever, and dysphagia. Examination re-
vealed a 4 x 5-cm mass in the submandibular area.
The swelling was tender and firm, and in addition
to this finding, a right preauricular swelling was
present. An x-ray study of the neck showed en-
largement of the epiglottis and a soft tissue mass in
the neck. He was treated for epiglottitis with
methicillin sodium and chloramphenicol. Observa-
tion continued for about 5 days, and after ensuring
that feedings were taken well, he was discharged on
dicloxicillin sodium. An ear, nose, and throat con-
sultation was not obtained. It is of interest that this
child was suspected of having epiglottitis and was
treated as such in spite of his past history of
supraglottic lymphangioma. The lateral x-ray study
was consistent with the original findings on direct
laryngoscopy in 1982. His fever and dysphagia were
due to infection in the residual cystic hygroma in
the right neck. Further follow-up after discharge on
April 18, 1985, was not available.

Patient 2. An 8-year-old white male was seen in
consultation and was admitted to our hospital on
July 22, 1980. The chief complaint was a tight
throat and increasing respiratory difficulty, and he
was referred for evaluation of the airway problem.
His past history was significant in that he had had
11 or 12 operations at a northeastern medical center
and two more surgical procedures on the west coast.
He was born with a cervical, submental, and tongue
hygroma. Examination on admission showed a large,
soft, nontender swelling over the chin, submental
area, and the jaw. The tongue was covered with
papillary cystlike projections typical of lymphangi-
omatous lesions. Some of the projections from the
tongue had a hemangiomatous appearance. The
tongue was bound down to the floor of the mouth
and there were multiple scars in the neck from past
surgical procedures. There was residual tumor
within the mandibular area and face. His labora-
tory findings were normal. Direct laryngoscopy re-
vealed a large, pale, and smooth mass arising from
the right vallecula and base of the tongue. The lin-
gual surface of the epiglottis was also involved, and
the swelling extended down the aryepiglottic folds
on both sides. The mass filled two thirds of the oro-
pharynx. When the cystic mass was elevated and
pushed laterally, the larynx and subglottic space
were seen to be normal. Under general jet anesthe-
sia with suspension microlaryngoscopy, two thirds
of the lesion was lased and eradicated. Some residu-
al tumor was allowed to remain so as not to fore-
shorten the aryepiglottic folds. Postoperatively, the
boy’s airway was greatly improved and his voice
was normal. He was discharged on the day after
surgery but never returned for follow-up.

Patient 3. A 1-year-old white female was born
with an extensive cervicofacial cystic hygroma in-
volving the left cheek, parotid area, neck, subman-
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dibular area, left mandible, floor of the mouth,
tongue, and larynx. A tracheotomy had been per-
formed to correct severe airway obstruction. Be-
cause of severe dysphagia she required a gastrosto-
my. She was first admitted to our hospital on March
23, 1980. Examination showed the infant to be in
no distress. There was residual cystic hygroma of
the left cheek, face, mandible, mouth, and tongue.
She was aphonic. Her tongue was paralyzed and
fixed to the posterior part of the palate. From previ-
ous surgery there was a long scar along the left side
of the mandible and in the left neck. Vital signs and
laboratory findings were normal. Direct laryngos-
copy revealed the base of the tongue to be deformed.
The left side of the tongue was heaped with.cystic
lesions. The valleculae were filled with hygroma-
tous tissue that extended across the pharyngoepi-
glottic folds and filled the hypopharynx on each
side. This narrowed the hypopharyngeal lumen.
With the laryngeal speculum under the epiglottis,
marked hygromatous involvement of the arytenoids,
aryepiglottic folds, and false cords was viewed (Fig
1A). When these structures were separated, the true
vocal cords and the subglottic area were normal.
The arytenoid, particularly on the left, was redun-
dant with hygroma that flopped medially. A fibro-
ma was seen at the tracheotomy site. The floor of
the mouth was also involved and the tonsil area on
the left was indented medially by the neck mass.

The patient was taken to the operating room on
March 24, 1980, and the plastic tracheotomy tube
was replaced by a Holinger-type tube. Suspension
microlaryngoscopy was then performed and the lar-
ynx was treated with the laser, which was applied
to the left arytenoid, left vallecula, and also to the
cystic mass in the lateral wall. Fluid was seen to ex-
ude from the cysts during laser surgery. The infant
was discharged on the day of surgery and returned
for monthly treatments with the laser. By Septem-
ber 9 the patient began taking oral feedings, and
her gastrostomy tube was removed. By November
30 a great deal of the intralaryngeal lesion was con-
trolled, but there was still marked involvement at
the base of the tongue and arytenoids. The true vo-
cal cords were normal and there was persistent in-
volvement of the epiglottic area. Her last visit was
on December 1 when the left vallecula and right
side of the base of the tongue were treated with the
laser. The findings at this last visit revealed the hy-
groma still to be present along the left lateral pha-
ryngeal wall. The lesion also involved the base of
the tongue, and the epiglottis was still markedly
thickened and bulbous with lymphangiomatous tis-
sue (Fig 1B). The family then moved out of the Los
Angeles area and she was no longer followed up.

Patient 4. A 3-month-old white female was born
with a huge cystic hygroma of the right side of the
neck (Fig 2A). She was admitted to our hospital for
elective surgical removal of the mass on Nov 26,
1978. Rapid growth of the tumor with increasing

airway obstruction made early surgery necessary.
She was the product of a normal full term pregnan-
cy, fed well, and was home on the third day after
birth. Examination on admission showed an alert
infant with an obvious right neck mass. The ear,
nose, and throat examination was normal. There
was a large serpiginous cystic mass over the entire
right posterior triangle extending anteriorly to the
midline of the neck. It was nontender, soft, com-
pressible, and transilluminated clearly. Within the
mass, multiple 2 x 2-cm firm lymph nodes were vis-
ible and palpable. Her chest, abdomen, and ex-
tremities were normal. The trachea was deviated to
the left. :

On November 27, excision of the large hygroma
was undertaken by the pediatric surgery service.
The mass was noted to compress the esophagus and
trachea and was attached to the larynx. The right
superior laryngeal nerve was cut at the time of
surgery and was repaired under surgical microscopy.
A postoperative transfusion was necessary. Direct
laryngoscopy and bronchoscopy were performed,
and because of airway obstruction by the tumor
mass within the larynx, a tracheotomy was per-
formed. Direct laryngoscopy showed the base of the
tongue to be involved with cystic changes. The right
pyriform sinus was encroached upon by tumor. The
right false cord, arytenoid, and aryepiglottic folds
were involved by cystic changes (Fig 2B). The ary-
tenoids were redundant, swollen with pale, smooth
enlargement, and flopped forward during inspira-
tion. The right true vocal cord was poorly visual-
ized because the cystic hygroma extended along the
false vocal cord. The right vocal cord was limited in
abduction either by paresis or paralysis. The sub-
glottic area was normal.

On December 20, direct laryngoscopy showed
the lymphangioma within the larynx and a right
true vocal cord paralysis. Residual tumor was pres-
ent in the neck and she was readmitted Jan 27,
1979, because of accumulation of fluid at the site of
the surgery. An x-ray study of the chest revealed in-
creased widening of the mediastinum. The neck
was drained and she was discharged to be followed
up as an outpatient. Monthly admissions followed,
and the laryngeal tumor was treated with the laser.
She was admitted June 10, and residual cystic hy-
groma of the neck was excised. She was discharged
3 days later. Again, monthly admissions for laser
surgery to the lymphangioma of the larynx fol-
lowed. On November 13, she was decannulated.
Her voice and airway were excellent. At the age of
3, on July 5, 1981, she was readmitted for surgical
management of the recurrent cystic hygroma at the
base of the right neck. A clavicular bone deformity
caused by erosion by the tumor was noted. The
clavicle required surgical division in order to re-
move all of the mediastinal tumor. Direct laryngos-
copy and bronchoscopy showed that the supraglot-
tic larynx was normal, except for lymphangioma of



48 Cohen & Thompson, Lymphangiomas in Infants & Children

the right arytenoid and involvement of the posterior
aspect of the right aryepiglottic fold, which was
covered by remnants of lymphangioma (Fig 2C).
The true vocal cords moved normally, and laryn-
geal sensations were normal. The girl was dis-
charged on July 15. On Nov 23, 1982, she was ad-
mitted for closure of the tracheocutaneous fistula.
Direct laryngoscopy showed slight involvement of
the right arytenoid, aryepiglottic fold, and phar-
yngoepiglottic fold. A small area of the false cord on
the right was involved with lymphangioma. She
was discharged on the day after surgery and was
followed up until her neck was completely healed.
She is now free of symptoms and has done well.

Patient 5. A male Oriental (Korean), born in a re-
gional hospital on Aug 21, 1976, was started on in-
travenous (IV) steroids on August 22, and was ad-
mitted to our hospital on August 25. He was the
product of a 39-week gestation and was delivered
by cesarean section. He was born with a large right
posterior cervical mass, and within 3 days following
his birth, he developed respiratory distress, stridor,
retractions, and severe dysphagia. On admission,
examination showed an infant with crowing stridor,
retractions at the xiphoid process, and a large right
cystic cervical mass. The mass extended from the
angle of the right jaw to the clavicle and anteriorly

Fig 1. (Patient 3) A) Larynx before laser
therapy. Epiglottis is infiltrated with hy-
groma and fullness of arytenoids. B) After
laser therapy, residual hygroma is visible.

to the midline of the neck. There were also firm,
palpable masses 2 x 3 cm in diameter within the
large tumor. His respirations were grunting and
there was slight asymmetry of the chest, the left side
being greater than the right. The remainder of the
examination was normal. Laboratory findings were
all within normal limits, and multiple x-ray studies
of the chest were normal except for deviation of the
trachea to the left. The upper gastrointestinal x-ray
studies were normal.

For the first few days, there was no increase in the
size of the mass or in the airway obstruction. Direct
laryngoscopy on August 26 revealed infiltration of
the epiglottis (Fig 3A) with marked grapelike tumor
masses rising from the laryngeal surface of the epi-
glottis extending down along the aryepiglottic folds
and into the arytenoids and false cords (Fig 3B,C).
The true vocal cords were normal and moved nor-
mally. The subglottic space was normal and the tra-
chea was indented on the right by external compres-
sion. The mucosal lining of the trachea was normal.
Involvement progressed later to include the right
side of the pharynx in the region of the tonsil and
the right side of the hypopharynx. Needle puncture
and incision with a blade produced lymphlike fluid,
but the masses did not change in size. Laryngoscopy
and bronchoscopy on September 8, after 3 weeks of

Fig 2. (Patient 4) A) Original photograph showing giant cervicofacial lymphangioma. B) Larynx infiltrated with cystic mass lesions.
C) Larynx after treatment with laser surgery. Residual tumor is seen on right false cord.
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Fig 3. (Patient 5) A) Larynx as visualized
from above. Note compression and infiltra-
tion of vallecula and epiglottis being
pushed to left. B) Extensive involvement of
right arytenoid and aryepiglottic fold by
cystic lesion. C) Persistence of large cystic
mass involving right arytenoid and infiltra-
tion of ventricular bands. D) Bilateral infil-
tration of arytenoids, aryepiglottic folds,
and extension to postcricoid area.

steroids, showed some improvement. However, be-
cause of continued airway obstruction, a tracheoto-
my was performed and steroids were continued, but
tapered on September 21 because there was no de-
crease in the size of the mass in the neck. On No-
vember 7, excision of the tumor was performed by
the pediatric surgical division. There were no post-
operative complications except for a transient left
upper lobe pneumonia that responded to antibiotic
treatment. The biopsy showed a cystic hygroma.
Endoscopic examinations on October 18 and No-
vember 3 showed increase in the size of the tumor in
the supraglottic area. There was some subglottic
narrowing that was felt to be due to intubation
trauma. In addition, a large cyst was seen on the
right side of the hypopharynx.

Multiple admissions followed the infant’s dis-
charge on November 4. On December 26 he was
found to have a left corneal opacification and an
ophthalmologic examination revealed a congenital
glaucoma. During the next few months, local thera-
py by incision and puncture of the cysts showed no
tendency for the laryngeal lymphangiomas to un-
dergo change. Each time only a small amount of
fluid was evacuated with puncture of the cysts.
These procedures did not reduce the size of the tu-
mor within the larynx. Therefore, cryosurgery was
started on Jan 1, 1978. While initially there was im-
provement in the size of the laryngeal masses, by
May 21 the right submandibular neck mass had in-

creased in size. For the next 1, years, both cryosur-
gery and laser surgery were used. Improvement re-
sulted and the boy was decannulated on Nov 21,
1979. On December 26, he was admitted for treat-
ment of a cellulitis of the neck following a suppura-
tive rhinitis and a streptococcal tonsillitis. This
problem resolved with antibiotic therapy and he
was discharged after 3 days of treatment.

On Feb 25, 1980, because of increasing stridor,
especially during sleep, the boy was admitted for
replacement of the tracheotomy tube. At intervals
of 1 to 2 months, he was treated with laser surgery.
On Dec 8, 1983, at 7 years of age, he was admitted
for excision of the persistent right cervical mass. Ex-
tensive involvement of nerves, muscle tissue, and
salivary gland by cystic hygroma was noted. The
mass extended into the pharynx on the right side
and was removed; the resultant defect in the
pharynx was repaired. He did well postoperatively
and was discharged on December 20. He was not
seen again until Aug 1, 1984, when direct laryn-
goscopy showed the large mass on the left side of the
epiglottis extending into the aryepiglottic folds,
which were thickened as were the arytenoids (Fig
3D). The true vocal cords and subglottic area were
normal. During laser therapy of the lymphan-
gioma, fluid was noted to escape from the lesion
and the mass completely disappeared from within
the right arytenoid area. He was decannulated
again, but 4 days later because of severe airway
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obstruction during sleep, the tracheotomy was
replaced. He was not seen for 1 year after re-
placement of the tracheotomy tube, and on July 15,
1985, he was readmitted for endoscopic examina-
tion. There was deviation of the epiglottis to the
right, and the supraglottic area was deformed. The
valleculae were free of lymphangioma, but the epi-
glottis appeared thickened. There was a mass in the
right aryepiglottic fold and the right arytenoid. The
ventricular band was infiltrated with hygroma. The
true vocal cords and subglottic area were normal.
The boy was readmitted on November 6, at which
time the base of the tongue and the posterior por-
tion of the false cord were involved by tumor. The
right aryepiglottic fold lesion was biopsied and
treated with laser. The tracheotomy tube is plugged
during the day and well tolerated, and is opened
only during sleep. Further therapy to the larynx is
necessary.

Patient 6. An 11-hour-old white male (Hispanic)
was admitted to our hospital on Aug 22, 1984. He
was the product of a full term pregnancy. His
mother had an influenzalike syndrome for about 5
days during the second month of pregnancy. At
birth, he was found to have a left mandibular mass
and increasing respiratory distress, with inspiratory
and expiratory stridor and substernal, suprasternal,
and intercostal retractions. On admission, his vital
signs were normal. He had considerable sublingual
edema and his tongue was enlarged. There was a
21/, x 2',-cm firm, mobile mass on the lateral aspect
of the mandible, and bilateral submandibular cystic
and somewhat fluctuant swellings. The lungs were
clear. The remainder of the examination was nor-
mal. The laboratory findings were normal and an
x-ray study of the chest was normal. Ultrasound of
the neck showed bilateral cystic masses in the sub-
mandibular area. He was electively intubated and
placed on continued positive pressure ventilation to
treat his airway obstruction. Direct laryngoscopy
on August 28 revealed involvement of the base of
the tongue, valleculae, and the laryngeal surface of
the epiglottis (Fig 4A). This extended laterally to
the aryepiglottic folds and onto the arytenoids. The
left lateral wall of the hypopharynx was involved.
The glottis was inflamed, but tumor was not pres-
ent (Fig 4B). The tracheobronchial tree was nor-
mal, but the glossoepiglottic folds were involved by
the tumor. Because of airway obstruction, the in-
fant was tracheotomized. Poor neck positioning
caused the tracheotomy to erode the posterior wall
of the trachea. This complication ultimately healed
with fibrosis and without compromising the air-
way.

The infant was discharged on December 15, but
continued to be admitted monthly for evaluation of
the airway and treatment of the laryngeal disease.
Swelling of the tongue and of the mouth increased,
and the laryngeal findings showed increased in-
volvement of the supraglottic larynx (Fig 4C). By

February 1985, diffuse bilateral submandibular
swelling increased and extended onto his cheeks.
The tongue was beefy and edematous and was cov-
ered with petechiaelike lesions. Below the tongue
and onto the floor of the mouth white exudate
covered these lesions. In June the floor of the mouth
elevation had receded and the tongue was smaller.
Facial swelling continued bilaterally. In July laser
surgery was applied to the lingual surface of the
epiglottis and around the glossoepiglottic folds.
Very little change occurred, and by October, sud-
den enlargement of the submandibular lymphangi-
oma because of infection required treatment with
IV antibiotics. The boy was discharged only to be
readmitted 7 days later for anorexia, dehydration,
and increased facial swelling. Antibiotics and
steroids were ordered and consultation regarding a
gastrostomy was requested. The consultant advised
a red cell tag examination and an upper gastroin-
testinal tract x-ray study. It was evident that this
patient had a mixed tumor of lymphangioma and
hemangioma. These consultants’ tests were never
ordered and a gastrostomy has not been performed
to date. With steroids and antibiotics, feeding has
become easy and he continues on observation.

Patient 7. This 2-year 10-month-old Oriental male
(Korean), following consultation, was admitted to
our hospital on Nov 30, 1983. He had been treated
at another institution with multiple operations for a
congenital cervicofacial, oral, floor of the mouth,
and lingual hygroma. He required a tracheotomy to
support his airway and a gastrostomy for feeding
purposes. He could not eat, drink, or chew. With
the tracheotomy closed he had no airway and no
voice. Examination on admission showed his tongue
to be very large and elevated to the top of the pal-
ate, his facies were abnormal, the cheeks were full,
and there were numerous scars in the neck from
previous surgeries (Fig 5A,B). The tongue pro-
truded from the mouth, was bulky on the left, atro-
phic on the right, and had coarse and fine fibrilla-
tions. Cystic lesions were seen on the floor of the
mouth and over the surface of the tongue. A large
soft, fluctuant mass in the submental area filled
both submandibular triangles (Fig 5B). There was a
marked open bite due to malocclusion produced by
the large tongue. The neck was thin and no signifi-
cant adenopathy was present. The tracheotomy tube
and gastrostomy tube were in place.

Direct laryngoscopy revealed a large tongue ele-
vated to the top of the palate and filling the oro-
pharynx. At the base of the tongue, multiple cystic
masses were seen (Fig 5C). The epiglottis, severely
deformed with tumor involvement, projected down-
ward into the larynx as a lid. The vallecular areas
were filled with lymphangioma. Elevating the epi-
glottis and cystic masses revealed a large mass of
lymphangioma over the right side of the larynx (Fig
5D). It was bulky and filled the area of the
laryngeal lumen, projected into the right pyriform
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sinus, and extended into the postcricoid area. The
operculum of the epiglottis was invaded by the tu-
mor that projected into the anterior commissure
area. The left true vocal cord was foreshortened as
was the anteroposterior diameter of the larynx. The
right true vocal cord was hidden by the mass and
extended into the right ventricular fold. The imme-
diate subglottic area was normal. The trachea be-
came a slitlike lumen, but was not invaded by tu-
mor. The stenosis was a complication of the trache-
otomy and was cartilaginous. The boy was dis-
charged on the day of surgery.

Multiple admissions to the hospital were neces-
sary. While fluid escaped during laser treatment,
the tumor mass did not appear significantly reduced
when the fluid distention was relieved. The sub-
mandibular mass continued to enlarge slowly, how-
ever, but by Sept 9, 1984, oral feedings improved
and the gastrostomy tube was removed. With the
monthly laser treatments to the larynx, the floor of
the mouth became flatter, but the tongue filled the
mouth. The tracheal stenotic lesion, a complication
of the tracheotomy, was obstructive and did not re-
spond to dilatation, so that on Sept 7, 1984, it was
surgically excised. The stent was removed on the
eighth day and the granulation tissue that devel-
oped was treated surgically and eventually cleared.
Over a period of months, with bronchoscopic dila-
tations, the trachea became increasingly patent. In
October 1985, the boy was admitted for excision of
the submandibular hygroma. At surgery, extensive
involvement by the hygroma throughout the fascial
planes, salivary gland, and tongue muscle struc-
tures were noted. To avoid injury to vital struc-
tures, only partial excision was possible. The laryn-
gopharynx was opened on the left and cystic lesions
within the hypopharynx were removed. The resul-
tant defect of the hypopharynx was closed without
postoperative complications.

The boy’s postoperative course, however, was
complicated by tremendous swelling of the tongue
(Fig 5E). Treatment with antibiotics and steroids,
and nasogastric feedings were necessary for 2 weeks
postoperatively. Gradually the swelling resolved
and he was discharged 2!, weeks after surgery to
continue on oral antibiotics. The tongue became
smaller but remained large, and the floor of the
mouth receded so that the oropharynx could be bet-
ter visualized. On October 30, he was admitted for
endoscopic evaluation. The right side of the larynx
and base of the tongue were still involved by lym-
phangiomatous tumor. Because the tongue re-
mained large, a partial left glossectomy was per-
formed on December 6 by laser surgery. The boy’s
postoperative course was uneventful and he was dis-
charged 3 days after surgery. Antibiotics were con-
tinued, and by Jan 28, 1986, he was infinitely im-
proved. The tongue was deformed but greatly re-
duced in size. However, some cystic lesions could
still be seen on the surface. He was referred for orth-

odontic therapy. His tracheotomy tube is plugged
throughout the day without evidence of airway ob-
struction. Further therapy to the larynx is necessary
before decannulation can be accomplished.

Patient 8. A 15-month-old white female born on
June 30, 1982, was first admitted to our hospital on
Sept 6, 1983, for evaluation of her airway. The pa-
tient lived in northern California and was born
with a cervicofacial hygroma that was treated sur-
gically at 4 days of age. There was persistence of
submandibular and infraparotid residual tumor.
She did well for some months following her surgery
and then developed increasing feeding difficulties
because of a large cystic swelling in the floor of the
mouth and associated enlargement of the tongue. In
June 1983 she was treated with laser surgery to re-
move the hygroma from the floor of the mouth.
This resulted in an almost immediate swelling of the
entire face with closure of the eyes and edema of the
floor of the mouth. While much of the swelling sub-
sided, the tongue remained large and protruded
from the mouth at least 2 to 3 cm. Endoscopic pro-
cedures showed involvement of the base of the
tongue, larynx, and trachea, and she was referred
for evaluation. Examination revealed that the
tongue filled the mouth, protruded beyond the lips,
and could not be manipulated back into the mouth
(Fig 6A). There was tremor of the tongue and the
bilateral submandibular irregular soft tissue masses
extended to the area above the angle of the jaw.
Nodular areas typical of lymph nodes were palpable
within these masses. Direct laryngoscopy showed
the base of the tongue and valleculae to be involved
by cystic hygromatous lesions. The epiglottis was
curled (Fig 6B), small, and compressed bilaterally
to the midline by the base of the tongue and vallecu-
lar masses. The aryepiglottic folds were extremely
thickened but could be elevated. The true vocal
cords were normal, but the left had better abduc-
tion than the right. The false cords were edematous
and obscured a view of the true vocal cords (Fig
6C). The subglottic area and tracheobronchial tree
were normal. The base of the tongue was involved
at the level of the pharyngoepiglottic and glossoepi-
glottic folds by lymphangiomatous invasion (Fig
6D). No treatment was given and she was referred
back to her primary physicians with suggestions for
continued care.

She was readmitted to our hospital on June 26,
1985, at 3 years of age to determine whether she
could be decannulated. She had developed bleeding
from the mouth following dental therapy. Exami-
nation showed the left ear canal to be narrowed by
compression of the cystic hygroma within the parotid
area. The right ear was normal. Many of her teeth
were capped, the floor of the mouth was elevated
with hemangiomatous and hygromatous tissue, and
the tongue protruded from the mouth. There was a
marked open bite due to the deformity of the jaws.
The tongue was invaded with lesions that appeared
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Fig 4. (Patient 6) Extensive infiltration by cystic hygroma in A) vallecula and epiglottis, B) ventricular bands postcricoid area, and

C) right aryepiglottic fold filling supraglottic larynx.

verrucous and were composed of lymphangioma
and hemangioma (Fig 6A). Direct laryngoscopy re-
vealed the base of the tongue to be involved with
cystic hygromatous masses extending to the level of
the pharyngoepiglottic and glossoepiglottic folds.
Invasion by hemangioma and lymphangioma was
seen. The epiglottis was curled and compressed
from the lateral aspects of the aryepiglottic area
from the hygroma. The lesion extended onto the
aryepiglottic folds and arytenoids. When the ary-
epiglottic folds were pushed apart, the true vocal
cords were seen to be normal. Cryosurgery was ap-
plied to the bleeding angiomata of the tongue and

the child was sent back to her referring physicians
for continued care.

Follow-up by a telephone call indicates that this
child is doing poorly, has had continued bleeding
from the mouth, and has had enlargement of the
hygroma of the tongue, as well as of the neck and
parotid area. Further surgery will be necessary, in-
cluding wedge resection of the tongue.

Patient 9. An Oriental female (Korean) was born
on July 26, 1980, and was admitted to our hospital at
1 day of age. Her transfer became necessary because
of severe airway obstruction. The infant was born

Fig 5. (Patient 7) A) Photograph after
multiple operations. Note protrusion of
tongue larger on left than right. B) Scar-
ring in neck from previous surgery with
mass lesion in submental and suprahyoid
area. C) Larynx as seen from vallecula.
Infiltrating cystic hygroma involves epi-
glottis, vallecula, and entire supraglottic
structures. D) Cystic hygroma of right
aryepiglottic fold and right arytenoid.
Vocal cords are normal. E) Marked en-
largement of tongue after partial removal
of submental and suprahyoid mass lesion.
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Fig 6. (Patient 8) A) Tongue is infiltrated
with multiple cystic hemangiomatous and
lymphangiomatous vesicular lesions. Note
elevation of floor of mouth. B) View from
above showing compression and infiltra-
tion of epiglottis by vallecular and supra-
glottic tumor. C) Epiglottis has been ele-
vated exposing infiltration of ventricular
bands bilaterally. D) Laryngoscope has
been brought out from larynx, exposing
huge cystic hygroma of aryepiglottic fold
extending down to arytenoid.

with a bilateral cervicofacial cystic hygroma (Fig
7A). During her hospitalization, the tumor grew
rapidly and significant respiratory distress devel-
oped. Accordingly, on August 6, despite the patient’s
young age, surgical excision was clearly indicated.
Prior to surgery by the pediatric general surgeon,
endoscopy was performed. On arrival at the operat-
ing room, remarkable stridor and retractions were
evident. The floor of the mouth and tongue were
elevated, almost to the roof of the palate. Direct
laryngoscopy revealed a large cystic hygroma aris-
ing from the left of the hypopharynx and extending

down to the level of the pyriform sinuses. On the
right, a smaller cystic mass was present. The epi-
glottis was curled and the base of the tongue and
false cords were involved with cystic lesions (Fig 7B).
The epiglottis was compressed bilaterally by mass le-
sions at the base of the tongue and on each side with-
in the valleculae (Fig 7C). Following endoscopic ex-
amination, the infant was intubated and under gen-
eral anesthesia the gigantic bilateral neck hygroma
was resected. The left side of the tumor was much
larger than the right, but there was no apparent ex-
tension into the mediastinum. Immediately after

Fig 7. (Patient 9) A) Original photograph showing massive involvement by cervicofacial hygroma. B) Exposed larynx shows huge
tumor involvement of ventricular bands extending to anterior commissure and under operculum of epiglottis. C) Supraglottic
hemangioma compressing and invading epiglottis extending to aryepiglottic folds down to arytenoids.
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surgery, nasotracheal intubation was necessary to
support her obstructed airway. Postoperatively, the
obstruction was due to the laryngeal tumor as well
as remarkable swelling of the tongue and the hypo-
pharynx. On August 13, a tracheotomy was per-
formed because the lingual and oropharyngeal ob-
struction persisted. Subglottic edema was felt to be
secondary to endotracheal intubation. A gastrosto-
my tube was required for feeding purposes.

At 5 months of age, laser surgery was started and
was applied to the lateral pharyngeal cystic lesions.
The patient was treated at monthly intervals by ap-
plication of the laser to the hypopharyngeal masses
and the base of the tongue and epiglottis. A biopsy
of the base of tongue lesions revealed mucosal atro-
phy and submucosal fibrosis with scattered dilated
hypoplastic channels. By March 1983, the gastros-
tomy tube could be removed. There was marked
improvement in the subglottic laryngeal stenosis,
but the hypopharyngeal masses were still obstruc-
tive. The floor of the mouth and tongue were still
invaded by hygromatous lesions. Laser surgery was
continued, and on March 23, 1984, residual cervico-
facial hygroma was excised. The dissection was ex-
tremely difficult because of fibrosis and invasion of
tissues by hygroma. The patient was discharged on
April 1 without complications. Postoperatively, the
floor of the mouth was lower within a month but
the tongue still remained extremely large, with per-
sistent involvement by tumor. In July she was de-
cannulated, and on August 16, the tracheocutaneous
fistula was closed. Residual tumor was present in
the neck and she is being followed up periodically.

Patient 10. A 4-month-old black male infant was
born on Sept 16, 1970, and was first admitted to our
hospital on Jan 16, 1971.%* At 2 months of age he
was noted to have a swelling at the angle of the left
jaw. This growth enlarged progressively and there
was associated swelling of the tongue and floor of
the mouth. One week prior to his admission, he was
seen by a physician who diagnosed an infection of
the neck and mouth, and ordered antibiotics. One
day prior to his admission, he developed severe dys-
phagia, drooling, and noisy breathing. The full term
infant was the product of a normal, uncomplicated
pregnancy. Examination on admission showed a
tiny infant with a wide open mouth, a visible mass
below the tongue, noisy breathing, especially when
stressed, and excessive drooling (Fig 8A). The vital
signs were normal and there was no skin hemangio-
ma. There was a firm, movable 3 x 2-cm poorly de-
fined mass below the angle of the left mandible that
extended laterally, posteriorly, and anteriorly. The
mouth continued to be open, and the left side of the
tongue was markedly enlarged and protruded out of
the mouth. Most of the mass was at the base of the
left side of the tongue. A grade 2/6 harsh systolic
ejection murmur was heard along the left sternal
border. An x-ray study of the chest was normal but
showed the soft tissue mass on the left side of the

mandible. There were no bony changes noted. Both
an ECG and a skeletal survey were normal.

Over the next 3 days, the mass in the tongue be-
gan to ulcerate and bleed. On January 19, a trache-
otomy and gastrostomy were performed because of
the infant’s increasing respiratory distress and diffi-
culties in feeding. Direct laryngoscopy revealed the
base of the tongue and larynx to be involved by large
cystic masses (Fig 8B). Severe obstruction was pres-
ent, the tracheobronchial tree was filled with secre-
tions, the hygroma pushed the trachea into the right
neck, and the hypopharynx was narrowed by cyst-
like lesions. At tracheotomy, the tumor in the neck
was seen to be typical of cystic hygroma. A biopsy
was deemed unnecessary. The infant was placed on
steroid therapy,* and because of bleeding from the
mouth, he required a transfusion. With improved
nutrition and steroid therapy the tumor shrank
slowly and bleeding was controlled completely. On
February 1, he was scheduled for neck surgery, but
the operation was cancelled because of his excellent
response to steroid treatment. On February 5, he
was started on a 2-month course of oral steroid at 60
mg/m?. On February 22, direct laryngoscopy, inci-
sion, and drainage of the cystic mass in the larynx
was accomplished. On March 8, the gastrostomy and
tracheotomy tubes were removed and on March 9, a
lateral x-ray view of the neck showed the airway to
be normal (Fig 8C). The previously noted mass le-
sion appeared much smaller (Fig 8D), and the in-
fant was discharged home. On March 17, he was
seen in the outpatient clinic with some slight inspi-
ratory and expiratory stridor, but there was no re-
spiratory distress. The cervical mass was smaller,
and he was followed up each month until Novem-
ber 5. At this time, he was seen for fever and cough
and was noted to have bilateral perihilar pneu-
monia that was treated with antibiotics. He was not
seen again.

RECURRENCES OR RESIDUAL TUMOR

In the group of 160 patients reviewed, 29 were
known to have residual tumor. There was no corre-
lation between the surgeon’s opinion that total exci-
sion had been accomplished and the recurrence
rate. Even disease-free surgical margins were no
guarantee that all the tumor had been eradicated
and that there would be no recurrences.

All ten patients with laryngeal lymphangiomata
had cervical, facial, and/or submandibular hygro-
mas. All except one had surgical resection of the
original cervicofacial neck tumor. Residual growth
or regrowth occurred in every one of these patients.
Revision surgery of the neck masses was performed
by the head and neck surgeon in four patients. The
relationship between removal of the residual neck
masses and resolution of the laryngeal lesions is of
interest. In none of the four patients with secondary
surgical removal of the recurrent suprahyoid lym-
phangioma did the lesions within the larynges un-
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dergo resolution. However, in those children who
had hypopharyngeal tumors, neck surgery helped to
remove these areas of obstruction and aided efforts
to decannulate the patients. In the four patients,
the pharynges were entered at the time the necks
were opened, and the cysts were removed. The re-
sultant defects were closed. Further laser treatment
to the larynges was necessary to complete the elimi-
nation of the residual laryngeal tumors. Because the
laryngeal lesions were supraglottic, control of the
airways was easier to attain even though some tu-
mor remained. Of the ten patients with laryngeal
lymphangioma, eight had associated lesions in the
neck, mouth, and tongue. Two of the patients with
laryngeal disease had associated cervical masses and
no other involvement in contiguous areas.

From evaluation of the data it is very apparent
that the most debilitating and complex areas of in-
volvement from the standpoint of therapeutics, re-
turn of function, and eradication of the lesion were
the cervicofacial hygromas. All of these tumors
were present at birth. While the abdominal and
chest cavity cystic hygromas were alarming, they
rarely produced immediate or instant life-threaten-
ing problems as was seen in the cervicofacial area
where airway obstruction and dysphagia occurred.
This latter area posed serious difficulties for 1) re-
moving the tumor, 2) preventing disfigurement,
3) maintaining functional abilities, and 4) returning
the child to normalcy.

Of the 60 patients with neck lesions, ten of whom
had laryngeal involvement, the most common area
of recurrence was in the suprahyoid, submandibu-
lar, submental, mandibular, and oral areas. To the
surgeon these areas posed many problems in eradi-
cating the tumor because of difficulties in removing
the lesions without endangering vital structures. Of
the patients with suprahyoid lesions, all had at least
two or more operations. All tongue lesions were asso-
ciated with elevation of the floor of the mouth and
with submental or submandibular primary or resid-
ual hygromas. When the floor of the mouth and
tongue were involved, surgery above the level of the
hyoid produced massive enlargement of the tongue,
compromising the airway. This complication should
be expected and the consequences controlled with
steroids, antibiotics, and artificial airways.

Complications. The most frequent complication
was blood loss during the operative procedure. Des-
ignated donors were often requested. Fever associ-
ated with postoperative infection was relatively
common, indicating that preoperative, intraopera-
tive, and postoperative antibiotic therapy seemed
mandatory. The persistence of drainage, frequently
severe, indicated the opening of lymph channels
with residual tumor. It is best to drain the surgical
area postoperatively. However, a review of those
patients with persistent drainage did not necessarily
correlate with the recurrence rate of the tumor.

Swelling of the surrounding area postoperatively
was usually an indication of existing tumor. The
most common nerve paralysis was the mandibular
division of the facial nerve; other cranial nerve pal-
sies were uncommon. The postoperative swelling of
the tongue with resultant airway obstruction cre-
ated airway problems and dysphagia so that alter-
native methods of feeding and support of the air-
way were necessary. Fortunately most of the pa-
tients in whom this occurred were already tracheot-
omized. In one patient there was a postoperative
stenosis of the external canal after removal of a
parotid lymphangioma; tracheocutaneous fistulae
that persisted after decannulation required surgical
repair. In the follow-up of these patients with resid-
ual tumor, recurrent infection caused increased
swelling, but in many patients, further surgical re-
moval was unnecessary. There were no deaths due
to the surgery or the disease in this series.

MALIGNANCY WITHIN LYMPHANGIOMATA

Patient 146 was a white male born on April 30,
1950. He was first admitted to our hospital on July
6, 1956, at 6 years 2 months of age. The history re-
flected that he had a tumor of the right arm present
since 6 weeks of age which was thought to be a
“muscle lump.” In 1953, he was given one x-ray
treatment. By June 1956 the mass grew to a “tea-
cup” size. Surgery was performed and the biopsy di-
agnosis was a lymphangiosarcoma developing with-
in a cystic hygroma. He was transferred to our hos-
pital for consultation regarding whether therapy
was appropriate. On examination, he was normal
except for a tumor in the posterior portion of the
right arm. There was a partially healed scar with
crusting over the operative site. The right arm was
larger than the left. The biopsy showed lymphangi-
osarcoma within a hygroma. He was observed for
about 6 months and then he moved to northern Cal-
ifornia. A follow-up was not obtainable.

ANALYSIS OF HEAD AND NECK
LYMPHANGIOMATA

The number of operations required in the head
and neck area varied from one to 13. The fact that
the child would have only one operation did not by
any means indicate complete extirpation of the tu-
mor. Once the tumor was removed, long-term fol-
low-up was not attainable in the majority of these
patients. Of the 73 patients with head and neck
lymphangioma, three had no surgery performed,
one is still in treatment, and the other two either re-
fused surgery or sought therapy elsewhere. Forty-
eight patients had one operation only, but this did
not necessarily indicate complete extirpation of the
tumor. Of the 48 patients having one operation, 16
are known to have residual tumor, nine were not
followed up long enough to determine whether re-
sidual tumor or recurrences were present, and 23
had no evidence of residual or recurrent tumor. The
need for multiple operations was most often seen in
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patients with tongue, floor of the mouth, and supra-
hyoid lesions. The recurrences were least in those
patients who had supraclavicular tumor not invad-
ing the mediastinum and in whom the tumor was in
the lower portion of the neck or in the midline.
Thus the patient with a neck hygroma had a better
prognosis when the lesion was below the hyoid level.

, DISCUSSION
PATHOLOGY

It is likely that all lymphangiomas, whether sim-
ple, cavernous, or cystic, are not only of common
embryologic origin, but represent different stages of
the same disease. The various forms are probably
dependent for their morphology on the site in which
they exist.

The lesion is a benign tumor of lymphatics with
endothelium-lined channels of varying dimensions.
These channels vary from capillary-size lymphoid
spaces to very large cystic spaces ranging from few
to many centimeters. The different-sized space le-
sions may vary within a single patient. In at least
some instances, the nature of the surrounding tissue
in which the tumor lies may determine its course of
development. Thus, in the extremities and within
skin, the size of the lymphatic spaces will be smaller
than where unlimited space is provided for exten-
sion and growth as in the neck, axilla, chest, or
abdomen.

Fig 8. (Patient 10) A) Photograph on ad-
mission showing left submandibular mass
and elevation of tongue. B) Complete oc-
clusion of larynx and supraglottic area by
hygroma involving epiglottis, aryepiglottic
folds, and all supraglottic structures. C)
Lateral x-ray film of airway showing im-
provement in air space but persistent mass
in submandibular area. D) Changes in ap-
pearance of tongue and floor of mouth but
persistent left neck hygroma present.

An analysis of the reports of the pathologic speci-
mens of the patients reviewed in this paper is as fol-
lows. The gross specimens may be of different sizes,
shapes, and texture. They vary from round, cystic,
globular, nodular, smooth, soft to firm (or hard),
spongy, rough, and irregular. The color of the spec-
imen may be tan, gray, purple to red, hemorrhagic,
or brown. Microscopically, the mass is usually sur-
rounded by a fibrofatty connective tissue covering,
and the cysts or slitlike spaces lined by endothelium
frequently lie within fibrovascular stroma.

The specimens removed for pathologic examina-
tion varied tremendously in size. The size of the
tumor had no bearing on the place of the body from
which it was removed. However, when in a large
body cavity, the size of the tumor created compres-
sion, displacement, torsion, or vascular limitation
to surrounding organ function. No patient had ac-
tual invasion of a contiguous organ except one with
a malignancy and patient 4, whose neck tumor in-
vaded the mediastinum causing erosion of the un-
dersurface of a clavicle.

In the head and neck, face, orbit, and oral cavi-
ty, the operative lesions ranged in size from 0.6 x
0.4 x 0.2 cm in a single lesion on the tongue, to 10 x
7 x 2.5 cm in the neck. In many instances, the path-
ologic specimen was a conglomerate of pieces re-
moved at surgery since the entire tumor could not
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be removed in toto because of hazards to vital struc-
tures. The mediastinal tumors were as large as 11 x
8 x 2.5 cm, and in the flank the largest tumor was 12
x 7.2 x 1.5 cm. In the abdominal cavity, masses
were 12 x 7 ecm and one, which was removed,
weighed 850 g. While in the extremities the lesions
were usually moderate to small, in the distal ex-
tremities recurrences were frequent, Thus the size
of the specimen had no bearing on whether recur-
rences were prominent. One of the largest masses,
in the shoulder, recurred three times; the original
tumor was 18 x 14 cm.

In the head, neck, face, and orbit, the cyst ranged
from a single space to multilocular spaces and var-
ied from small to very large. Most of the specimens
had large cystic lesions which on occasion com-
municated with one another. The septi were thin or
thick and fibrosis was very common. In about one
half of the specimens, the tumor was composed of
slitlike channels lined by flat endothelial cells. Fluid
within the cystic masses ranged from amber-yellow
to bloody chocolate, and some of the cysts were
empty. Microscopically, the fluid or contents of the
spaces, cysts, or channels were empty or filled with
RBCs, WBCs, or a combination of both. Proteina-
ceous or pink eosinophilic material was present in a
large number of the specimens. Hemosiderin and
cholesterol crystals were seen in some, and chronic
inflammation was relatively common within the
lymphangioma. Infection occasionally caused in-
crease in size of residual tumor that receded with
antibiotic therapy.

Grossly the walls of the cyst were frequently of a
fibrous tissue type and microscopically the cyst con-
sisted of dense fibrous tissue. The specimen was
usually enclosed within a fibrofatty tissue and the
cystic masses were surrounded by fibrous tissue. At-
tached to the mass were lobules of fat, and lymph
nodes or lymphoid structures were commonly seen
in the head and neck tumors. The lymph nodes were
seen in some of the specimens even when there was
a paucity of inflammation. On occasion, the lesions
were necrotic and even showed evidence of throm-
bosis. At times, considerable difficulty was encoun-
tered in distinguishing those lesions which were
partly hemangiomatous from those with mixed vas-
cular elements. However, from microscopic exami-
nation in four of the patients, there was no question
that the lesion was of a mixed angiomatous type, ie,
lymphangioma or hemangioma.

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

The diagnosis of lymphangioma of the head and
neck is rarely difficult, especially when the tumor
mass is seen in the newborn, infant, or very young
child. The lesion, whether single or multilobular,
usually presents in the posterior triangle of the neck
and may extend from the supraclavicular area to
the angle of the jaw. It may extend anteriorly to the
midline and to the other side of the neck. Since most

cystic hygromas have poorly defined borders, they
are different from other congenital cysts. An impor-
tant differentiation is that lymphangiomas trans-
illuminate clearly. When the tumor extends from
the parotid area and submandibular area and in-
volves the floor of the mouth and tongue, the
diagnosis is easily made. However, when the lesion
is within a cavity such as the chest and abdomen, it
can pose serious problems in differential diagnosis.

In this series of patients, numerous diagnostic
techniques were used depending on the site of the
lesion and presenting symptoms. An x-ray study of
the chest was invariably performed to define me-
diastinal involvement and/or other lung disease. A
lateral x-ray film of the neck was usually taken to
elicit the density of the mass and define its borders,
to rule out bone disease, and to indicate the possible
presence of calcifications. The airway could be de-
fined with the lateral film so that extension from the
neck could be determined. Lesions within the hy-
popharynx and larynx or impinging upon the upper
esophagus and trachea could be better defined. A
barium swallow esophagram was ordered when
dysphagia was a prominent symptom and when me-
diastinal involvement was suspected. A CT scan
was performed in three patients when chest and ab-
dominal masses were presenting features. Ultra-
sound was ordered in only four patients, for two
with abdominal lesions and for two with subman-
dibular masses. Angiographic studies were neces-
sary in three patients suspected of having vascular
hemangiomatous lesions. It is important to stress
that a needle biopsy performed in two patients was
not diagnostic; in neither of these patients was
cellular material obtainable for diagnosis, and the
fluid content was nonspecific. The ultimate diagno-
sis was determined by excisional biopsy. The ap-
pearance of the tumor at the time of operation was
so typical that frozen sections were rarely necessary.
The potentially destructive pattern of multiple
cystic lesions alerted the surgeon to the diagnosis. In
some instances, the physician was misled by the skin
discoloration over the mass. lesion being involved
with port-wine stains, telangiectasia, hemangi-
omata, or even melanotic deposits.

The differential diagnosis should include the fol-
lowing: 1) branchial cleft cysts; 2) congenital reten-
tion cysts, which are more solid usually and do not
transilluminate; 3) thyroglossal duct cysts, which
are much smaller usually and most often are within
the midline; 4) dermoid cysts, which are more solid
usually; 5) foregut cysts, which may pose a more
difficult problem in differentiation; 6) malignant
tumors, which are rare in young children, but may
have cystic components; 7) deep hemangiomas,
which may be differentiated by their compressibili-
ty; 8) infections of the neck, particularly lympha-
denitis, which should pose no problems although
cystic hygroma may present with trauma or infec-
tion; 9) lipomas, which can be ruled out by their
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failure to transilluminate and are usually more solid
tumors; and 10) when in the floor of the mouth, a
ranula, which can be the most common misdiagno-
sis. While the color and form of the tumor can
simulate a hemangioma, lymphangiomata are not
compressible and transilluminate clearly.

THERAPY

The treatment of lymphangioma should be di-
rected toward the following: 1) removal of the en-
tire tumor when possible; 2) return of function of
involved structures; 3) relief of associated complica-
tions due to pressure by the tumor such as airway
obstruction, dysphagia, speech problems, and de-
fects of dentition; 4) obtaining the best possible cos-
metic results; and 5) relief and stabilization of emo-
tional consequences of this formidable benign path-
ologic entity. Fortunately, the disease is an uncom-
mon occurrence.

A review of the literature and the charts of 160
patients with lymphangiomata indicate that obser-
vation or patiently awaiting spontaneous resolution
is hazardous and unrewarding since spontaneous re-
gression rarely, if ever, occurs. The lesion may un-
dergo sudden alarming growth to gigantic propor-
tions, cause severe accompanying airway obstruc-
tion and dysphagia, and force the surgeon to oper-
ate. Postponement of surgery is inadvisable and in-
judicious.

However, unplanned and hurried radical surgery
may be just as harmful. Surgery should be as com-
plete as possible, yet not excessive, and staged
surgery may be necessary to prevent life-threat-
ening intraoperative and postoperative complica-
tions. Destructive surgery with compromise of vital
structures is unwise, unwarranted, dangerous, crip-
pling, and does not guarantee cure.

The lesion is radioresistant and, while claims
have been made for improvement and resolution of
the tumor by use of irradiation, the results have
been inconsistent and the complications severe and
uncompromising. The long-term hazards to the
child should preclude use of this therapeutic modal-
ity in this benign lesion. Four patients in this series
were subjected to irradiation and none showed any
tendency toward resolution.

Incision and drainage or needle aspiration should
be discouraged because of the risk of infection and
the possibility of sepsis. Although this type of treat-
ment is temporizing, it is not curative. Electrodesic-
cation was used in two patients in this series with no
appreciable response.

Injection of sclerosing agents was not used in any
of the 160 patients, although this therapy was re-
ported in the literature. This treatment offers little
curative value and may be harmful, especially if
there are communications with major venous chan-
nels. Injections will cause scarring and create seri-
ous difficulty for surgical removal of the tumor.

In the ten patients with laryngeal lymphangi-
omata, steroids, cryosurgery, laser surgery, incision
and drainage, and needle aspirations were used.
The only valuable therapeutic modality within the
larynx was laser surgery. Although tedious, pro-
longed, and time-consuming, this therapy eradi-
cated much of the tumor and gave minimal to no
destruction of local tissues. Supraglottic laryngec-
tomy was neither considered nor performed. The
procedure was considered excessively radical for
such a benign lesion, but most of all it could not
guarantee total extirpation of the disease. As re-
ported by Holinger et al,*® this form of surgery,
which was performed in one patient, was not cura-
tive.

With the use of the laser, fluid exuded from the
cysts, and the cyst walls could then be removed.
Merely uncapping the cysts with the laser, like nee-
dle aspiration or incision and drainage, did not pro-
duce remission or resolution of the tumor. It was
necessary to lase the tumor mass itself.

Surgical intervention in the suprahyoid portion
of the neck, the most common area of recurrences or
persistence of the tumor, often produced dramatic
and alarming postoperative swelling of the tongue
and floor of the mouth. This area of involvement
was prone to be associated with lesions of the floor
of the mouth and tongue. Postoperative swelling in
these areas compromised the airway and a tracheot-
omy was absolutely necessary.

It is far better to treat patients with antibiotics
early than to await the often frightening febrile
course following surgical removal of cystic hy-
groma. The preoperative, intraoperative, and post-
operative use of antibiotics was essential for the
safety of the patient. As reported by many authors,
impaired lymphatic drainage made infection ex-
tremely hazardous.

In many children with an airway problem of
oral, lingual, or laryngeal involvement by the tu-
mor, steroids used intraoperatively and postopera-
tively were most helpful in protecting the airway
and reducing traumatic postoperative edema.

SUMMARY AND CONCLUSIONS

Lymphangiomas are benign but nevertheless
challenging tumors, and exceptionally so when the
larynx is involved. Treatment demands the patience
and skill of the surgeon. Of the 160 patients seen at
our institution between 1955 and 1985, the tumor
was more common in the male and occurred pre-
dominately in the white population. While unusual
in the Oriental (4%), three of the children in the
group presented a much more challenging problem
with involvement of the head and neck, oral cavity,
tongue, larynx, and hypopharynx.

Forty percent of the hygromas presented in the
newborn period, 50% were present by the end of
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the first year, 75% were found by the end of the
second year, and 85% had appeared by the end of
the fifth year.

Tracheotomies were necessary in ten patients,
and feeding gastrostomies were necessary in those
with dysphagia. Three of the patients in the series
were twins, and in each case the twin was normal.

Skin lesions over the tumor occasionally misled
the physician in arriving at a correct diagnosis.
Forty-five percent of the patients had lymphan-
gioma of the head and neck, the most common site
of involvement. There was a slight predilection of
the lesion for the right side. Only five patients had
multiple tumor sites. Associated anomalies were un-
common.

The treatment of lymphangioma is surgical. All
other modalities such as awaiting resolution, needle
aspiration of the lesion, incision and drainage, cau-
tery, injection of sclerosing agents, electrodesicca-
tion, and irradiation should be discouraged. Sur-
gery, however, should be planned and even staged
if necessary when the tumor is very extensive.
Surgery should never be excessive or maiming, with
preservation of all vital structures. The opinion of
the surgeon that all tumor was removed had no
bearing on recurrence rate, and even clear surgical
margins had no true value regarding whether the
tumor actually was completely removed. Recur-
rences were not uncommon even under these men-
tioned circumstances. The purpose of surgery was

to remove the tumor entirely if possible, return nor-
mal function of the involved surrounding struc-
tures, relieve associated complications due to the
presence of the tumor, obtain the best cosmetic
results, and allay emotional consequences of the le-
sion.

Treatment in the larynx was extremely difficult.
The removal of surrounding neck tumor did not
control the disease within the larynx but was very
helpful in removing the intrahypopharyngeal or
parapharyngeal disease. The intralaryngeal tumor
responded only to the use of the laser. Like neck
disease, it did not respond to incision and drainage,
injection, or needle aspiration. The laser was the
most effective modality and did not create serious
injury to the laryngeal structures or function.

Bleeding at surgery was controlled and transfu-
sions were not uncommon. When the patient was
not treated with antibiotics, infection created seri-
ous problems and potential sepsis. Drainage from
the postoperative wound was variable but control-
lable with time. Occasional nerve paralysis was
rarely serious except where the surgeon attempted
to remove the lesion completely. There were no
deaths in this series of patients.

Considering the extreme difficulties which lym-
phangioma presents to the child and physician, the
ultimate results will be rewarding. As in the neck,
excessive or radical surgery applied to the larynx
will not guarantee the elimination of this disease.

REFERENCES

1. Sabin FR. On the origin of the lymphatic system from the
veins and the development of lymph heart and thoracic duct in
the pig. Am J Anat 1901; 1:367-89.

2. Sabin FR. The lymphatic system in human embryos with a
consideration of the morphology of the system as a whole. Am ]
Anat 1909; 9:43-91.

3. Wernher A. Die Angeborenen Zysten-Hygrome und die in-
hen verwandten Geschwulste in anatomisher diagnostischer und
therapeutischer Beziehung. Giessen, Hessa-Darmstaat: GF Hey-
er, 1843:76.

4. Von Rokitansky C. Lehrbuch der pathologischein Anato-
mie. 3rd ed. Vienna: W Braumuller, 1855:230.

5. Luschka H. Ueber die driisenartige Natur des Sogenannten
Ganglion intercaroticum. Arch Anat Physiol 1982; 4:405.

6. Virchow R. Die krankhaften Geschwulste. Berlin: A
Hirschwald, 1863:170.

7. Koester K. Ueber Hygroma cysticum colli congenitum.
Verh Phys Med Ges Wirzh 1872; 3:44.

8. Goetsch E. Hygroma colli cysticum and Hygroma axillae.
Arch Surg 1938; 36:394-479.

9. McClure CFW, Silvester CF. A comparative study of the
lymphatico-venous communications in adult mammals. Anat Rec
1909; 3:534-53.

10. Dowd CN. Hygroma cysticum colli: its structure and etiol-
ogy. Ann Surg 1913; 58:112-32.

11. Thompson JE, Keiller VH. Lymphangioma of the neck.
Ann Surg 1923; 77:385-96. :

12. Vaughn AM. Cystic hygroma of the neck. Am J Dis Child
1934; 48:149.

13. New GB. Hygroma cysticum treated with radium. Surg
Clin North Am 1924; 4:521-30.

14. Figi FA. Radium in the treatment of multilocular lymph
cysts of the neck in children. Am ] Roentgenol 1929; 21:473-80.

15. Furstenberg AC. A clinical and pathological study of tu-
mors and cysts of the nose, pharynx, mouth and neck of terato-
logical origin. Ann Arbor, Mich: Edwards Brothers Inc, 1936.

16. Gross RE, Goeringer CF. Cystic hygroma of the neck.
Surg Gynecol Obstet 1939; 69:48-60.

17. Eggston AA, Wolff D. Histopathology of the ear, nose and
throat. Baltimore: Williams and Wilkins Co, 1947.

18. Anderson DH. Tumors of infancy and childhood. Cancer’
1951; 4:890-906.

19. Freeman GC. Conservative treatment of massive cystic
lymphangioma: report of eight cases. Ann Surg 1953; 137:12-7.

20. Briggs JD, Leix F, Snyder WH, Chaffin L. Cystic and
cavernous lymphangioma. West J Surg Obstet Gynecol 1953;
61:499-506.

21. Childress ME, Baker CP, Samson PC. Lymphangioma of
the mediastinum: report of a case with review of the literature. J
Thorac Cardiovasc Surg 1956; 31:338-48.

22. Morfit HM. Lymphangioma of the tongue. Arch Surg
1960; 81:101-7.

23. Meyerson MC. The human larynx. Springfield, Ill:
Charles C Thomas, 1964.

24. Bill AH, Summer DS. A unified concept of lymphangioma
and cystic hygroma. Surg Gynecol Obstet 1965; 120:79-86.

25. Barnhart RH, Brown AK. Cystic hygroma of the neck.
Arch Otolaryngol 1967; 86:100-4.



60 Cohen & Thompson, Lymphangiomas in Infants & Children

26. Proctor B, Proctor C. Congenital lesions of the head and
neck. In: Davison F, ed. Symposium on pediatric otolaryngology.
Otolaryngol Clin North Am 1970; 3:236.

27. Ward PH, Harris PF, Downey W. Surgical approach to
cystic hygroma of the neck. Arch Otolaryngol 1970; 91:508-14.

28. Johner CH. The lymphatics of the larynx. In: Sisson GA,
ed. Symposium on problems of the larynx. Otolaryngol Clin
North Am 1970; 3:439-50.

29. Rouviere H. Anatomy of the human lymphatic system.
Ann Arbor, Mich: Edwards Brothers, Inc, 1938.

30. Ruben R], Kucinski SA, Greenstein N. Cystic lymphangi-
oma of the vallecula. Can ] Otolaryngol 1975; 4:180-4.

31. Hebert G, Oumet-Olivia D, Ladoriceur J. Vascular tu-
mors of the salivary glands in children. Am J Roentgenol 1975;
123:815-9.

32. Saijo M, Munro IR, Mancer K. Lymphangioma: a long
term followup study. Plast Reconstr Surg 1975; 56:642-51.

33. Jones PG, Campbell PE, Beardmore HE. Tumors of infan-
cy and childhood. London; Blackwell Scientific Publications,

1976.

34. Levin SL, Jorgensen RJ, Bradley AJ. Lymphangiomas of
the alveolar ridges in neonates. Pediatrics 1976; 58:881-5.

35. Schuller DE, McCabe BF. Salivary gland neoplasms in
children. Otolaryngol Clin North Am 1977; 10:399-412.

36. Jones SR, Myers EN, Barnes L. Benign neoplasms of the
larynx. In: Fried MP, ed. Symposium on the larynx. Otolaryngol
Clin North Am 1984; 17:160-1.

37. El-Serafy S. Rare benign tumors of the larynx. J Laryngol
Otol 1971; 85:837-51.

38. Holinger PH, Brown WT, Maurizi DG. Tracheotomy in
the newborn. Am ] Surg 1965; 109:771-8.

39. Ewing J. Neoplastic diseases. Philadelphia: WB Saunders,
1941.

40. Ribbert H. Geschwulstlehre fur Aertze und Studierende.
Bonn, German Empire: F Cohen, 1914:226-31.

41. Cohen SR, Wang CI. Steroid treatment of hemangioma of
the head and neck in children. Ann Otol Rhinol Laryngol 1972;
81:584-92.




IMBRICATION RECONSTRUCTION FOLLOWING
PARTIAL LARYNGECTOMY

CHEN Liu, MD

TAIPEI, TAIWAN, REPUBLIC OF CHINA

PAUL H. WARD, MD

Los ANGELES, CALIFORNIA

LAWRENCE PLEET, MD

Los ANGELES, CALIFORNIA

Experience over a 16-year period with 38 patients who underwent partial laryngectomy with imbrication reconstruction is reviewed.
We have found this technique to be an expeditious and highly successful means of eradicating T1 or T2 glottic cancer. The use of the pa-
tient’s own full-thickness, adjacent normal tissue with imbrication of cartilage produces an adequate airway, an almost normal-appearing
larynx, and a remarkable posttreatment voice quality, better results than from most cordectomies or vertical hemilaryngectomies. It is
valuable as a salvage procedure after full-course radiation. Imbrication laryngoplasty is an alternative and a preferred modality for treat-
ment of young people with early glottic carcinoma for whom the possible carcinogenic properties of radiation must be considered. The sur-
vival results are comparable with the more extensive vertical laryngectomies.

KEY WORDS — glottic carcinoma, imbrication, laryngoplasty, partial laryngectomy.

INTRODUCTION

Imbrication laryngoplasty for the reconstruction
of the larynx after partial laryngectomy has been
used in 38 patients with T1 or T2 glottic cancer dur-
ing the past 16 years. This technique allows func-
tional reconstruction of the larynx following a
through-and-through excision of tumor, soft tissue,
and laryngeal tissue. The residual false cord and
aryepiglottic folds are imbricated medially in a
pocket created in the residual subglottic or cricoid
mucosa, producing an adequate airway, a near nor-
mal-appearing larynx, and a remarkable posttreat-
ment voice quality superior to that obtained with
most cordectomies or vertical partial laryngectomies.

Conservation surgery for patients with laryngeal
cancer is designed to eradicate the local disease
while maintaining the laryngeal function in pa-
tients carefully chosen to fulfill preselected criteria.
Conservative laryngeal surgical techniques, which
spare thyroid cartilage adjacent to a neoplastic le-
sion, may be inadequate since the internal peri-
chondrium is only a relative barrier to neoplastic
extension. Current popular techniques for partial
laryngectomy involve removal of soft tissue from
mucosa to, and including, the internal perichondri-
um of the thyroid cartilage.' The exposed cartilage
is then covered with either skin graft, mucosal pedi-
cle flaps, or transposed bipedal muscle flaps. In the
extended partial laryngectomy (vertical and antero-
vertical) procedure, thyroid cartilage is included in
the specimen.?? The larynx is reconstructed with in-
sertion of cartilage or strap muscles to form the new
hemilarynx. These techniques sometimes produce
excellent results with adequate airway and a good
voice but are unpredictable because the rigid sup-

port of thyroid cartilage is lost, leaving glottic clo-
sure to the vagaries of the healing process. Follow-
ing application of the anterovertical technique, the
reconstructed soft tissue bulk is variable because of
late atrophy and scarring of transposed muscle
flaps.

Wang* stated that “tumors of the vocal cords
which extend laterally into the ventricle and pos-
teriorly onto the vocal process and face of the aryte-
noid are not highly curable by radiotherapy, but
can be successfully extirpated by vertical hemilar-
yngectomy.” T1 and T2 glottic lesions that are radi-
ation failures and T2 glottic lesions that show a poor
initial response to radiation therapy are also consid-
ered candidates for partial imbrication laryngoplasty.

The partial vertical hemilaryngectomy has been
very successful in curing vocal cord carcinoma after
radiation therapy failure, where the persistence or
recurrence is superficial and limited to a mobile
cord.? The objective in partial laryngeal cancer sur-
gery is to encompass the cancer rather than resect a
designated portion of the larynx. The new tech-
nique of reconstruction following a partial through-
and-through imbrication laryngoplasty has the ad-
vantage of removal of T1 and T2 glottic lesions to
include adjacent laryngeal cartilage without
sacrificing the rigid support provided by the nonin-
volved thyroid cartilage. Using the patient’s own
full-thickness adjacent normal tissue (ie, false cord
and aryepiglottic fold), along with imbrication of
the cartilage, provides a superior blood supply that
allows extension of the indications for partial
laryngeal surgery after radiation failure.

Our indications for partial laryngectomy are con-
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External
imbrication

Fig 1. Technique of imbrication of larynx with lesion on vocal cord. A) Area of through-and-through resection outlined in broken
lines. B) After resection, innervated and vascularized false cord and aryepiglottic fold are dropped down. C) Residual thyroid car-

tilage is imbricated either by internal or external technique.

sistent with those of Biller et al.® They state that any
or all of the following characteristics associated
with T2 glottic lesions may be treated by conserva-
tion laryngeal surgery: 1) true cord lesion extending
to involve the anterior commissure (the anterior
commissure and up to 30% of the opposite cord);
2) a true cord lesion may involve the vocal process
or the anterior or superior portions of the arytenoid;
and 3) a true cord lesion may extend subglottically
up to 10 mm. Biller et al also noted that “the in-
volved cord may exhibit limitation or mobility but
fixation of the vocal cord should not be present.”
From recent experience, it may be added that the
ventricle and lower margin of the false cord may be
involved as long as complete cordal fixation is not
present.

This new procedure already appears to be the
preferred modality of treatment for young people
(under the age of 40) because they have an expected
long survival, and second primary or radiation-in-
duced cancer is possible.

TECHNIQUE

A preliminary tracheostomy is performed either
under local or general anesthesia after passage of a
small, cuffed endotracheal tube. A horizontal collar
incision is made in a skin crease just below the cri-
coid cartilage. The midline cervical fascia is in-
cluded, and the thyroid alae are exposed by retract-
ing the strap muscles laterally. Muscle attachments
at the site of cartilaginous cuts on the ala are freed
using a blunt elevator.

The external thyroid perichondrium is incised
vertically in the midline and elevated laterally,
thereby protecting the external branch of the su-
perior laryngeal nerve to the cricothyroid muscle.

Exploratory thyrotomy is performed for final de-
termination of the extent of the cancer and suitabil-
ity for the imbrication technique. Subglottic exten-
sicn below the cricoid cartilages is a contraindica-

tion for imbrication laryngoplasty. Elective neck
dissection is not performed because of the extremely
low incidence of neck metastases with T1 or T2
glottic lesions. After incision of the thyrohyoid
membrane and the midline or lateral division of the
thyroid cartilage, the alae are retracted and the le-
sion fully inspected.

The mucosal incision sites in the false cord and
infraglottic region are infiltrated with 1% lidocaine
epinephrine (Xylocaine, 1:100,000) to decrease
bleeding. The horizontal incisions are then deep-
ened through the internal perichondrium. The ary-
tenoid cartilage or vocal process may be included in
the dissection. The thyroid cartilage adjacent to the
cordal tumor is also included with the specimen,
thereby bisecting the thyroid ala horizontally. Care
is taken to include the ventricular mucosa and sac-
cule, even when the superior incision is through the
ventricular level. A 3- to 4-mm rim of cartilage is
left on the superior and inferior portions, or both of
the bisected alar margins, to provide more bulk for
a neocord following imbrication, providing the
depth of tumor invasion does not preclude retention
of the cartilage. A pocket is then created by dissect-
ing soft tissue from the superior cartilage in the sub-
perichondrial plane and may extend to the thyrohy-
oid membrane. This may also be done on the inferi-

Fig 2. Excision of cartilage. A) Preresection. B) Holes are
drilled and wire passed as illustrated (postresection wiring).
C) Wire is tightened and cartilages and soft tissues imbri-
cate.
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Fig 3. Extended T resection for le-
sions extending into anterior com-
missure. A) T-shaped area of
through-and-through resection,
and B) postresection imbrication.

or cartilage portion in the subglottic cricoid area
when the entire lower thyroid alae cartilage is re-
sected. The superior and inferior cartilaginous
halves are then imbricated so that primary soft tis-
sue approximation is possible (Fig 1).

The laryngeal tissues are elastic, and no difficulty
has been encountered in mobilization. Drill holes
are placed through the apposed thyroid cartilage
remnants, and permanent stainless steel wire or ny-
lon sutures are used to keep them permanently im-
bricated (Fig 2). Closure of muscle and mucosa is
now possible with little or no tension on the suture
line. At least a 5-mm width of inferior thyroid carti-
laginous strip is preserved when possible for imbrica-
tion with the upper strip. The anterior portions of
the neocord and the contralateral cord are sutured to
the external perichondrium to help prevent web for-
mation. The use of stents and keels has not been ne-
cessary. Removal of the tracheostomy and oral feed-
ing are usually possible within 7 days postopera-
tively.

Imbrication laryngoplasty has been modified to
include combination with the anterior commissure
technique of partial laryngectomy when the cordal
lesion involves or extends beyond the anterior com-
missure.®® A T-shaped segment of laryngeal carti-
lage and full-thickness tissue is removed, the cross-
bar of the T being the anterior commissure (Fig 3).
The tumor may extend subglottically in the anterior
commissure region to the inferior margin of the thy-
roid ala (1 cm below the anterior commissure) since
the entire vertical strip of the ala is taken in the an-
terior commissure region.

Aspiration has been minimal even when the pro-
cedure was extended to include unilateral arytenoi-
dectomy. The results are comparable to those re-
ported by Bailey and Calcaterra® of 31 patients who
had bipedicle sternohyoid muscle flap laryngoplas-
ty technique. None of these complained or had evi-
dence of significant postoperative aspiration. The
minimal aspiration in our series may be partially
secondary to preservation of the superior laryngeal
nerve as well as by the creation of a bulky neocord
posteriorly with the imbrication technique.

The imbrication technique, while technically more
difficult, appears superior to previous attempts at
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replacement of cord bulk using sternohyoid muscle,
tendon of the omohyoid, free cartilage, and a com-
posite graft of thyroid cartilage and inferior con-
strictor muscle.

To date, 38 patients have undergone through-
and-through resection and imbrication laryngecto-
my. The first case is now 16 years at risk, although
most of the cases have been operated on during the
past 9 years.

In several cases, the resection extended from the
false cord to the cricoid. Only the medical imbrica-
tion technique is now utilized.

RESULTS

As seen in Table 1, there were 38 patients under-
going imbrication laryngoplasty. Eleven of these
patients were previously reported.® The majority
(24 of 38) were T1 lesions with 14 T2 lesions. There
were only three patients with fair or poor postoper-
ative voices. The remaining patients achieved good
to excellent voice on subjective analysis.

Table 2 compares the voices of patients who have
undergone imbrication laryngectomy as opposed to
vertical laryngectomy; all were performed by or un-
der the supervision of one of the authors (P.H.W.).
The results are varied and, in all but three cases of
imbrication laryngectomy, there was good to excel-
lent voice quality. With vertical laryngectomy, the
range was from poor (three of 16) to fair (five of 16)
to good (five of 16) to excellent (three of 16).

As anticipated, the lesser procedure with preserva-
tion of the arytenoid, homolateral cartilages provided
better voices. The extended resections, including the
signet of the cricoid cartilage, may explain some of
the less satisfactory voices obtained with vertical
hemilaryngectomies. The series is biased further be-
cause some of the patients for whom an imbrication
was planned had their operations converted to more
extended vertical hemilaryngectomies.

TABLE 1. POSTOPERATIVE VOICE IN 38 PATIENTS
UNDERGOING IMBRICATION LARYNGOPLASTY

Glottic Excellent Good Fair Poor  Total
i 14 9 I 0 24
1) 9 3 1 1 14
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TABLE 2. COMPARISON OF VOICE QUALITY BETWEEN
38 IMBRICATION AND 16 VERTICAL LARYNGECTOMIES

Excellent Good Fair Poor Total

Imbrication 23 12 2 1 38
Vertical laryngectomy 3 5 5 3 16

Table 3 presents the three failures in this group of
patients. Two out of three lesions were T2 lesions.
Likewise, two of three patients received the postop-
erative radiation, since their preoperative radiation
was 3,500 rad over a 3-week period, which allowed
additional postoperative radiation to be given.

There was no significant difference in the time of
decannulation between the radiated and nonradi-
ated patients. Aspiration was minimal in all pa-
tients. Two patients had thyroid cartilage perichon-
dritis requiring treatment with intravenous an-
tibiotics. There were no surgical or short-term mor-
talities. One patient died 6 years postoperatively of
carcinoma of the lung, which was considered as a
second primary.

DISCUSSION

As the scope of partial laryngeal surgery has in-
creased to encompass cancers previously treated by
total laryngectomy, emphasis has necessarily been
placed on reconstruction of the larynx. Through-
and-through partial laryngectomy with imbrication
laryngoplasty represents extension of partial laryn-
gectomy to achieve the following three goals of the
laryngeal reconstruction: 1) maintenance of an ade-
quate lumen to permit respiration without trache-
ostomy, 2) restoration of sphincteric competence
during deglutition in order to avoid aspiration, and
3) reconstruction of a vibrating mechanism that al-
lows vocal cord remnants to produce sound approx-
imating the normal speaking voice.

Particular attention is devoted to sparing the in-
ternal and external branches of the superior laryn-
geal nerve. The intact sensory innervation supplied
by the intact internal branch and residual tilting
and tensing action from contraction of the cricothy-
roid muscle, with intact innervation by the external
branch of the superior laryngeal nerve, provides a
more functional larynx and protects from aspiration.

The present series demonstrates that the motion
achieved by this technique produced an almost nor-
mal-appearing larynx with a remarkably strong and
clear voice, better than that achieved by most par-
tial vertical laryngectomies performed by the same

TABLE 3. ANALYSIS OF THREE FAILURES OF
LARYNGOPLASTY WITH SUBSEQUENT TOTAL

LARYNGECTOMY
Bt Preoperative Localization  Reasons and
No. Tumor Radiation of Lesion Observation
5 0l Yes Neocord Smoking again
76 T2 Yes Neocord Margin tumor
14 T2 Yes Other cord  Second cancer

surgeon (P.H.W.). Because of the loss of delicate
control of the intrinsic musculature, the singing
voice is altered. Radiotherapy thus continues to be
the treatment of choice for T1 glottic lesions in
singers and professional voice users, although it
may result in damage to the voice secondary to
edema. This technique was originally devised and is
sometimes still used as an alternative to radiation
for early lesions (specifically when patients reject
radiation). Imbrication laryngoplasty has not total-
ly replaced radiation because the postoperative
voice is still unpredictable and is not uniformly as
good as the normal voice achieved in 80% to 90 %
of the radiated cases.

A number of patients elect surgical resection and
healing within a couple of weeks in preference to ex-
tended 6- to 7-week daily radiation treatments. Sur-
gical resection is not only preferred, but probably is
indicated in young people with carcinoma of the lar-
ynx, thereby avoiding radiation exposure. Surgery
is a better selection than radiation in the unreliable
alcoholic or drug addict who is noncompliant and
unable to complete sequential radiation treatments.
In some of these patients, there is limited chance for
follow-up, and surgical resection is the only one-
shot opportunity to eradicate the disease.

The new technique is simple but not easy. It re-
quires greater manual dexterity and takes slightly
more time than conventional vertical or anterover-
tical laryngectomy. The advantages of the bulk pro-
vided by the patient’s own vascularized and inner-
vated tissue far outweigh the disadvantages. When
placed into the pocket created in the mucosa, the
false cord and aryepiglottic fold make an excellent
neocord directly opposing the normal true cord. Re-
taining the arytenoid when possible gives an even
better voice.

Through-and-through resection of mucosa, tu-
mor, soft tissue, adjacent perichondrium, and thy-
roid cartilage with imbrication reconstruction rep-
resents a significant and logical advancement in the
management of patients with T1 and T2 glottic car-
cinoma and is of particular value in those cases with
anterior commissure extension.
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From 1978 through 1985, eight patients with stomal recurrence after total laryngectomy were treated with a combination of a cyto-
toxic regimen (vincristin sulfate, bleomycin, and methotrexate [VBM]) and radiotherapy. The essential feature of this combination is the
synchronous administration of pulses of VBM and fractionated doses of external radiotherapy in order to achieve potentiation of radiother-
apy. On average, four to five pulses of VBM were given. Severe mucositis is the main problem during treatment. Two patients needed nas-
ogastric tube feeding, and treatment was carried out as an inpatient procedure. Five patients are alive with complete local remission at 7
years, 3 years, 2', years, 14 months, and 8 months after treatment. These results appear to be spectacular, even though the number of pa-
tients is small. Of the three patients who died, only one had recurrent disease around the tracheostoma. The two other patients were free of
disease in the neck when they died 6 and 16 months after treatment of, respectively, lung metastases and a second primary tumor in the
lung. Patients with stomal recurrence after total laryngectomy are now routinely treated with synchronous VBM and radiotherapy.

KEY WORDS — polychemotherapy, radiotherapy, stomal recurrence.

INTRODUCTION

Stomal recurrence (SR) after total laryngectomy
is considered to have an ominous prognosis. With-
out any form of therapy it leads to progressive tra-
cheostomal obstruction or massive hemorrhage. De-
spite aggressive surgical therapy*? or high dose irra-
diation,® prognosis is not substantially improved in
older patients.

In 1965 Keim et al* published their first study
dealing with SRs and defined this disease as “a dif-
fuse infiltrate of neoplastic tissue at the junction of
the amputated trachea and the skin.” In their de-
scription they extended the definition to include re-
currence of tumor in areas adjacent to the stoma. In
addition, Batsakis et al® have pointed out that it is
impossible to differentiate recurrent peristomal pri-
mary tumor from a metastasis replacing a paratra-
cheal lymph node.

The incidence of postlaryngectomy tracheosto-
mal cancer recurrence has been reported in the lit-
erature to range from 3.0% to 14.7% with an aver-
age of 7.5% .° Several predisposing factors have been
published in the pathogenesis of SR. The most prom-
inent seems to be the subglottic extension of the tu-
mor. Mantravadi et al” reported a fivefold increase
in the SR rate of patients who had initial subglottic
involvement. Contrasting opinions have been pub-
lished as to the relation between emergency trache-
ostomy and SR. Some authors reported high inci-
dence rates of stomal recurrence in cases of emer-
gency tracheostomy (40.9%* and 22.0%®), whereas

opinions to the contrary were expressed by others.”**°

Previous conservative surgery has also been men-
tioned as a risk factor for the development of SR,**-*2
but Stell and van den Broek** and Weisman et al*
did not find any association. The involvement of
paratracheal lymph nodes, particularly in subglot-
tic tumors, has also been suggested as a main risk
factor in the development of SR.**¢ It is needless to
say that prevention of SR is highly desirable. In this
respect it is generally accepted that both paratra-
cheal lymph node chains must be radically resected
when a total laryngectomy is performed for carci-
nomas of the subglottic and glottic larynx. Further-
more it is reported that elective irradiation of the
stomal area in high risk patients is indeed an effec-
tive means of preventing SR.”"-18

Treatment of SR is almost invariably unsuccess-
ful. Some improvement of survival has been de-
scribed only following wide resection of SRs em-
ploying mediastinotomy. In 1977 Sisson et al® cited
a 5-year survival rate of 17 % after wide mediastinal
dissection of SR. However, patients who were not
selected as candidates for surgery were not included
in the survival statistics. The results of radiotherapy
alone for SR are discouraging and may only con-
tribute to palliation of the disease.*’ Chemothera-
peutic agents have been applied only in some in-
stances — sometimes in combination with radio-
therapy — and have resulted only in a temporary
regression of tumor'*'?; but long-term survival
could never be achieved.

In this article we present the results of the treat-
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PATIENT DATA

Initial Site, Extent of Mo Between Follow-Up
Patient* Age Staging, Histology Surgery TL and SR Treatment of SR After Treatment

1 58 Glottic/supraglottic L, TL/HTh/TT 23 5 pulses VBM s 6,000 cGy Died 6 mo after treatment
T3NoMo, mod. diff. SCC in39d from distant metastases; CLR

2 61 Transglottic L, T3NoMo, TL/HTh/PET 18 4 pulses VBM 56,200 rad in ~ Alive 7 yr after treatment;
well diff. SCC 51d CLR

3 55 Pyriform sinus L, T3N1Mo, TL{/HTh/ND/TT 10 Cisplatin + 2 pulses VBM s  Died 16 mo after treatment
well diff. SCC 6,575 cGy in 36 d from 2nd primary in lung;

CLR

4 43 Massive recurrent tumor TL/TTh/ND/EI 9 5 pulses VBM s 4,680 cGy  Alive 2%, yr after treatment;
after prior irradiation, well in4ld lung metastases; CLR
diff. SCC

5 69 Supraglottic, T4NoMo, TL/HTh/ND/EI 5 5 pulses VBM s 5,900 cGy  Alive 3 yr after treatment;
mod. diff. SCC in 56 d 5 CLR

6 61 Transglottic R, T3NoMo, TL/HTh/ND/EI 6 3 pulses VBM + 2 pulsesBM 80 % regression of SR; died
mod. diff. SCC $ 5,300 cGy in 49 d 8 mo after treatment from

SR

7 50 Recurrent tumor after prior =~ TL/HTh/EI 16 5 pulses VBM s 5,940 cGy  Alive 14 mo after treatment;
irradiation, well diff. SCC in51d CLR

8 63 Recurrent tumor after prior =~ TL/HTh/EI 32 4 pulses VBM s 6,200 cGy Alive 8 mo after treatment;

irradiation, varying degree
of differentiation

in42d CLR

B — bleomycin; CLR — complete local remission; EI — endotracheal intubation; HTh — hemithyroidectomy; M — methotrexate; mod. diff. — mod-
erately differentiated; ND — neck dissection (radical — en bloc); PET — preoperative emergency tracheostomy; s — administered synchronously
with; SCC — squamous cell carcinoma; SR — stomal recurrence; TL — total laryngectomy; TT — temporary tracheostomy at start of operation;

TTh — total thyroidectomy; V — vincristin sulfate.
*All patients were men.
1With partial pharyngectomy.

ment of SR with the combination of a cytotoxic reg-
imen using vincristin, bleomycin, and methotrexate
(VBM) and fractionated doses of external radiothera-
py according to the scheme published by O’Connor
et al.?°

PATIENTS

From 1976 to 1985, 220 patients underwent total
laryngectomy for cancers of the larynx and the la-
ryngopharynx. A total of ten patients returned with
recurrent cancer at the stomal site, an overall inci-
dence of 4.5% . Two patients were treated by wide
excision at the site of recurrence. Eight patients
were treated by concurrent polychemotherapy and
radiotherapy according to the scheme published by
O’Connor et al.?®

From this last group of eight patients, five under-
went primarily a total laryngectomy for T3-T4 car-
cinomas of the larynx. Three patients had total lar-
yngectomy for recurrent carcinoma after radiother-
apy. Patient 4 received prior radiotherapy for a T1
glottic carcinoma on the left side (6,600 cGy, tele-
Cobalt), patient 7 for a T2 glottic carcinoma on the
right (7,000 cGy, Megavolt) and patient 8 for a T1
supraglottic carcinoma on the left (7,000 cGy,
Megavolt). In one patient (case 2), preoperative
emergency tracheostomy was performed 1 month
before total laryngectomy. In two patients a tempo-
rary tracheostomy was done under local anesthesia
at the start of the operation. The other five patients
had endotracheal intubation at the time of opera-
tion. As can be seen from the Table, hemithyroidec-
tomy was done as a routine procedure during laryn-
gectomy. In case 4 a total thyroidectomy and para-

thyroidectomy were performed because of massive
tumor invasion into the thyroid gland. In this case
the hypothyroidism and parahypothyroidism were
managed by a supplement of calcium and levothy-
roxine sodium. Subglottic extension was seen in
three cases.

The disease-free interval between primary sur-
gery and diagnosis of tracheostomal recurrence var-
ied from 5 to 32 months.

The location of the recurrent tumor around the
circumference of the tracheostomy stoma was ana-
lyzed. In three cases the recurrent neoplasm was on
the same side as the primary tumor. It was on the
contralateral side in another three cases. The tumor
was only located at the superior aspect of the stoma
in the remaining two patients, whereas in three in-
stances cranial extension from the lateral recur-
rences was observed. In six cases (patients 1, 3, 4, 6,
7, and 8), skin overlying the tumor was intact, and
diagnosis of carcinoma was made by needle aspira-
tion cytology. Exact information about grading
could not be obtained from the aspiration cytology
material. In cases 2 and 5, biopsies were taken from
the peristomal ulcerating defect, and in these cases
the histology was identical to the primary tumor.

The nutritional status of all patients at the start of
therapy was within normal limits. The scores on the
Karnofsky scale varied from 50% to 90% .

METHODS

Cytotoxic Treatment. The VBM regimen used for
these patients is outlined below. Initially 2 mg of
vincristin was given intravenously (IV), and 6 hours
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Fig 1. VBM-radiotherapy protocol.

later 30 mg of bleomycin was administered intra-
muscularly (IM). At 24 hours, a 200-mg IV infusion
of methotrexate in 1,000 mL of saline was given
over the next 24 hours. Leucovorin rescue com-
menced at 48 hours with 15 mg IV of folinic acid
(leucovorin) followed by 15 mg IM every 6 hours for
four doses. The total amount of leucovorin given to
our patients was lower than that.advocated by
O’Connor et al.?* The patients were reassessed with
blood counts and creatinine monitoring before star-
ting each course of VBM. In six of eight cases, four
to five courses of VBM could be completed. In case
3, cisplatin was given initially in combination with
radiotherapy, but because of the severe toxic reac-
tions after the administration of cisplatin, this drug
could not be used for further therapy. In the event
of neurotoxicity (case 6), vincristin was omitted
after three pulses of VBM.

Because of toxic reactions in the treatment area,
some patients had to be rested from treatment for
up to 2 weeks to allow severe reactions to subside
before completion of the treatment. Nasogastric
feeding was necessary in two patients.

Radiotherapy. A full course of Megavolt therapy
(considered as 5,900 to 6,500 rad) was given in ap-
proximately 6 to 7 weeks, usually in daily fractions
of 180 cGy. In case 4, however, the maximum dose
was 4,680 cGy in 41 days, because of prior radio-
therapy (6,600 rad, tele-Cobalt) for his glottic car-
cinoma. Vincristin, bleomycin, and methotrexate
were usually given combined with radiotherapy as
follows. One VBM course was given before radio-
therapy was commenced and another after comple-
tion of radiotherapy. Three further pulses of VBM
were given during the radiotherapy — preferably on
the weekends — at 2-week intervals. Radiotherapy
was interrupted during the drug administration
(Fig 1).

RESULTS

The findings, treatment, and results are sum-
marized in the Table. In three cases (patients 1, 2,
and 3), complete local tumor regression was achieved
after only two to three pulses of VBM, whereas in
cases 4, 5, 7, and 8 the malignant neoplasm disap-
peared completely after completion of four to five
courses of the multidrug combination (Fig 2). How-
ever, in case 4 a considerable regression could
already be observed after one course of VBM. In
one patient (case 6) the maximum of tumor regres-

Fig 2. (Case 4). Stomal recurrence A) before and B) after
treatment with combination of VBM and radiotherapy.

sion, which occurred after completion of VBM and
radiotherapy, did not exceed 80%. This patient
died 8 months after treatment with recurrent dis-
ease around the tracheostoma.

Intensified epithelial reactions due to combined
treatment were observed in all cases, but they were
not followed by unusual long-term damage to the
normal tissue. Severe bone marrow depression did
not occur during treatment.

Maintained complete remission of local disease
was seen in seven patients. Four of these patients
were alive 7 years, 3 years, 14 months, and 8 months
after therapy, with no evidence of disease. Another
patient was alive 2/, years after treatment, but had
slowly growing lung metastases. Two patients died
from distant metastases and a second primary tu-
mor in the lung 6 and 16 months respectively, after
successful treatment of their stomal recurrence.

DISCUSSION

Our data clearly demonstrate that the combined
radiotherapy and VBM cytotoxic regimen can in-
duce substantial regression of tracheostomal cancer
recurrence after total laryngectomy. Complete re-
gression of SR was achieved in seven of eight pa-
tients, and in one patient (case 6) a response rate of
80% was observed. These results appear to be spec-
tacular even though the number of patients is small.
It may also be emphasized that complete local re-
mission was achieved even when the patient had
been treated before with radiotherapy in the area.

O’Connor et al** have published their 4-year
results with this combined treatment in stage III
and stage IV head and neck cancer patients and
were able to achieve an 88 % complete response rate
in the combined modality group, versus only 58 %
in the radiation controls (the projected 4-year dis-
ease-free survival rates were 57 % and 22% , respec-
tively). Their and our results indicate that addition
of cytotoxic drugs such as VBM can actively supple-
ment the curative effects of radiotherapy in head and
neck cancer when given in a stathmokinetic way.

Our study has also shown that acute epithelial re-
actions are more intense with combined VBM and
radiotherapy than with radiotherapy alone. Results
suggest that this type of treatment must be applied
as an inpatient procedure with close patient super-
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vision. However, the problem of enhanced acute
mucosal and skin reactions encountered at the end
of each treatment volume did not lead to any long-
term damage to normal tissues in the treatment
areas.

This brief report indicates that there is significant
potential for concurrent polychemotherapy and ra-
diotherapy as treatment for SRs after total laryn-
gectomy. It is hoped that our favorable results will
be reproduced by others in larger series.
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POSTERIOR GLOTTIS
MORPHOLOGICAL STUDY IN EXCISED HUMAN LARYNGES
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Two sets of investigations were conducted with excised human larynges. 1) The glottis was closely observed and photographed from
above and below in three conditions: neutral, adduction, and abduction. 2) The structure surrounding the posterior glottis was
histologically investigated in the same three conditions. The results are as follows. 1) The structure surrounding the posterior glottis consists
of three portions: the posterior wall of the glottis, the lateral wall of the posterior glottis, and the cartilaginous portion of the vocal fold. 2)
During vocal fold adduction, the posterior part of the larynx closes completely not at the glottis but at the supraglottis, resulting in forma-
tion of a conic space in the posterior glottis that can be viewed only from below. 3) The posterior glottis accounts for approximately 35% to
45% of the entire glottic length and 50% to 65% of the entire glottic area. 4) The mucosa of the posterior glottis has ciliated epithelium.
The lamina propria consists of two layers. 5) The posterior glottis can be regarded as a respiratory glottis.

KEY WORDS — glottis, posterior glottis.

INTRODUCTION

The glottis consists of two parts: the intermem-
branous portion, or the anterior glottis, and the in-
tercartilaginous portion, or the posterior glottis.
The border of the two is defined by a line between
the tips of the bilateral vocal processes. There have
been numerous investigations of the anatomy and
physiology of the anterior glottis. In contrast, the
posterior glottis has been studied very little. More-
over, there has been considerable disagreement
about terminology used to refer to some structures
around the posterior glottis,* while yet other struc-
tures have not been named, identified, or described.
The lack of interest in the posterior glottis may be
attributed to two major factors. 1) The posterior
glottis in many patients is not entirely exposed un-
der a laryngeal mirror. Therefore, many laryngolo-
gists have limited opportunities to observe the struc-
ture and behavior of the posterior glottis very close-
ly. 2) Diseases develop much more frequently in the
anterior glottis than in the posterior glottis.

Recently, fiberscopes have been used in routine
procedures at many laryngology clinics. As a result,
many laryngologists have frequent opportunities to
examine the morphology and physiology of the pos-
terior glottis in daily practice, disclosing diseases of
the posterior glottis more frequently than before.
This change in practice and diagnosis of disease has
motivated a series of investigations of the anatomy
and physiology of the posterior glottis. This paper
describes results of our current morphological stud-
ies with excised human larynges.

MATERIALS AND METHODS

The following two sets of investigations were con-

ducted with excised normal adult human larynges.

PHOTOGRAPHIC OBSERVATIONS AND
MEASUREMENTS

A total of 20 larynges obtained from autopsy
cases were used. Of the 20, ten were from men with
ages ranging from 41 to 77 and a mean of 59 years,
and ten were from women with ages ranging from
48 to 91 and a mean of 66 years. The larynges were
fixed to a supporting frame at the cricoid cartilage.
The epiglottis and the false folds were removed in
order to expose the glottic structure. The location of
the anterior commissure, the tip of the vocal pro-
cesses, the posterior end of the laryngeal ventricles,
and the midpoint of the posterior wall of the glottis
were marked with a small triangular piece of black
paper. A scale was placed on one vocal fold for the
purpose of measurement calibration.

The laryngeal specimens were then closely ob-
served and photographed from above and below
under the following three conditions.

Neutral Condition. No force was applied to the
laryngeal structure. The vocal folds were placed in
the so-called cadaveric position. There were marked
individual differences in the angle of the bilateral
vocal folds at the anterior commissure.

Vocal Fold Adduction. The muscular processes of
the bilateral arytenoid cartilages were pulled by
thread in the direction of the combined force of the
lateral cricoarytenoid and thyroarytenoid muscles,
ie, anteromedioinferiorly. The vocal folds were po-
sitioned in the median position.

Vocal Fold Abduction. The muscular processes of
the bilateral arytenoid cartilages were pulled by
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Fig 1. Structure around glottis. PW — posterior wall of
glottis, LW — lateral wall of posterior glottis, PEV — pos-
terior end of ventricle, CVF — cartilaginous portion of vo-
cal fold, TVP — tip of vocal process, MVF — membran-
ous portion of vocal fold.

thread in the direction of the force of the posterior
cricoarytenoid muscle, ie, posteromedioinferiorly,
fully abducting the folds. The angle of the bilateral
vocal folds at full abduction differed markedly from
larynx to larynx.

Results were obtained on the basis of close obser-
vations during the experiments and measurements
on the photographs. On the photographs, we mea-
sured the anteroposterior length and area of the
posterior glottis as well as the length and area of the
entire glottis.

HISTOLOGICAL INVESTIGATION

A total of 28 normal larynges obtained from au-
topsy cases were used. Of the 28, 14 were from men
aged 44 to 95 (mean 62 years), while the other 14
were from women aged 37 to 81 (mean 60 years).
Horizontal serial sections were made with 18 laryn-
ges: ten in the neutral condition, four during vocal
fold adduction, and four during vocal fold abduc-
tion. Coronal or frontal sections were made with
seven larynges: six in the neutral condition and one
during vocal fold adduction. With three larynges,
sagittal sections were made in the neutral condi-
tion. Hematoxylin-eosin and elastica-van Gieson’s
stains were employed for each section.

RESULTS

MACROSCOPIC STRUCTURE OF
POSTERIOR GLOTTIS

Neutral Condition. The posterior glottis was sur-
rounded by a U-shaped structure, which could be
divided into posterior and bilateral lateral aspects
(Fig 1). There is no accepted anatomic terminology
for these structures.

The posterior aspect presented an appearance of a
vertical wall. The base of this structure was the top-
most part of the lamina of the cricoid cartilage. We
call this structure the posterior wall of the glottis.

The lateral aspect could be divided into two parts,
which were bordered at the posterior end of the la-
ryngeal ventricle. The part posterior to this border
had a wall-like appearance. The base of this struc-
ture was the medial facet of the arytenoid cartilage.
We call this structure the lateral wall of the posteri-
or glottis. The part anterior to the posterior end of
the ventricle presented the shape of a lip or a fold
and looked like a continuation of the membranous
vocal fold. The base of this structure was the vocal
process of the arytenoid cartilage. We call this
structure the cartilaginous portion of the vocal
fold.! It should be noted that the bilateral vocal
folds form a commissure at the anterior end but
never at the posterior end.

Vocal Fold Adduction. As the adductory force was
applied and increased, the anterior glottis closed first
(Fig 2A). With a further increase in the force, the
posterior part of the larynx also closed (Fig 2B).
When the larynx was viewed from above, the pos-
terior glottis was partly covered by the arytenoid
eminences and could not be viewed. When the lar-
ynx was viewed from below during vocal fold ad-
duction, there was a conic space in the posterior
glottis (Fig 2C). In other words, the posterior part
of the larynx was closed completely not at the level
of the glottis but at the level of the supraglottis.
There was a diagonal band of closure running pos-
terosuperiorly from the base of the vocal process to
the top of the arytenoid eminence.

The tip of the vocal process was located slightly
medial and posterior to the paper mark placed on

Fig 2. Glottis during vocal fold adduction. A) View from above during adductory force. B) View from above during increased force.
AC — anterior commissure. C) View from below. Note conic space (large arrow) in posterior glottis. TVPn — tip of vocal process in
neutral condition, TVP — tip of vocal process.
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Fig 3. View of glottis from above during vocal fold abduc-
tion. AC — anterior commissure, TVPn — tip of vocal
process in neutral condition, TVP — tip of vocal process,
PEVn — posterior end of ventricle in neutral condition,
MPW — midpoint of posterior wall.

the covering mucosa in the neutral condition. This
indicated that the tip of the vocal process had been
adducted to a slightly greater extent than the cover-
ing mucosa.

Vocal Fold Abduction. When the vocal folds were
fully abducted, the glottis took on a roughly pen-
tagonal shape (Fig 3). The posterior trapezoid of the
pentagon was primarily located in the posterior
glottis. The tip of the vocal process was located
slightly anterolateral to the corner between the
anterior triangle and the posterior trapezoid of the
pentagon.

The tip of the vocal process was located slightly
lateral and posterior to the paper mark placed on
the covering mucosa in the neutral condition. This

indicated that the tip of the vocal process had been
abducted slightly more than the covering mucosa.

DIMENSION

Anteroposterior Length of Posterior Glottis. Table
1 shows the anteroposterior length of the posterior
glottis and its ratio to the entire glottic length in the
three experimental conditions. Because the posteri-
or glottis was covered during vocal fold adduction,
as described earlier, the length of the posterior glot-
tis was measured on the photographs taken from be-
low in the adduction condition. All the other mea-
surements were made on the photographs taken
from above.

In the neutral condition, the length of the pos-
terior glottis ranged from 8.1 to 10.8 mm with an
average of 9.5 mm in men and from 5.1 to 7.9 mm
with an average of 6.8 mm in women. It accounted
for 35% to 41% (39% on the average) of the entire
glottic length in men and 34 % to 46% (42% on the
average) in women. The absolute values of the length
were greater in men than in women (p<0.01), but
the ratio did not differ significantly between the
two sexes.

During vocal fold adduction, the length of the pos-
terior glottis became shorter than that in the neutral
condition in all cases. It ranged from 7.2 to 9.6 mm
with an average of 8.2 mm in men and from 4.5 to
6.6 mm with an average of 5.7 mm in women, dem-
onstrating significant differences between the two
sexes (p<0.01). The ratio of the length of the pos-
terior glottis to the entire glottic length ranged from
30% to 37% (34 % on the average) in men and 30 %

TABLE 1. LENGTH OF POSTERIOR GLOTTIS AND ITS RATIO TO ENTIRE GLOTTIC LENGTH
FOR LARYNGES IN THREE CONDITIONS

Neutral Condition During Adduction During Abduction
Entire Posterior Entire Posterior Entire Posterior
Case No. Age (mm) (mm) (%) (mm) (mm) (%) (mm) (mm) (%)
Men
1 57 22.5 811 36 237, 20530, 24.0 9.6 40
2 41 27.0 10.7 40 27.3 86,1132 26.8 10.4 39
3 51 23.8 8185137 24.3 7.8 ¢ 32 25.5 10.8 42
4 65 22.8 9.4 41 2.1 8.0 36 23.5 Q7 A
5 61 25.5 89 35 25:3 7.7 30 27.3 9.9 36
6 53 24.8 9.9 40 23.8 8.2 34 2555 99 39
7 77 28.0 10.8 39 27.5 9.6 35 28.8 11239
8 55 23.5 9.5 40 2857 8 37 25.4 10.4 41
9 62 22.7 8.8 39 22.3 7.8 35 22.6 8.2, 36
10 67 24.6 O 39 23.9 8.7 <36 25.4 9.8 39
Average 59 24.5 9.5 39 24 .4 825 234! 25.5 10.0 39
Women
il 67 14.8 .1 34 15.1 4.5 30 16.2 6.2 38
2 76 14.7 55 3 14.2 4.5 32 1553 5.3 35
3 91 16.0 7.3 46 15.9 a1 =38 16.8 7.0 42
4 71 171 7.9 46 16.2 6.3 39 17.8 7.8 44
5 65 14.6 6.1 42 14.5 52836 16.0 6.1 38
6 58 17 7.6 44 17.0 6.6 39 7T 7.3 41
7 54 17.0 6.9 41 16.8 o 34 17T 7.1 40
8 48 15.8 7.2 46 14.9 5.9 40 16.4 7.4 45
9 75 18.6 7.0 38 18.2 6.2 34 19.2 7.0- 36
10 58 17.5 7.4 42 16.6 5.7:134 17.8 7.3 41
Average 66 16.3 6.8 42 15.9 5:1ea 136 1721 6.9 40
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TABLE 2. AREA OF POSTERIOR GLOTTIS AND ITS RATIO
TO ENTIRE GLOTTIC AREA FOR LARYNGES IN TWO
CONDITIONS

Neutral Condition During Abduction

Entire Posterior Entire Posterior
Case No. Age (mm?) (mm?) (%) (mm?») (mm?) (%)
Men

1 57 43.6 26.3 60 145.8 83018 51T
2 41 92.1 45.9 50 224.0 198.2% 57
3 51 51.6 30.9 60 170.3 103.3 61
4 65 59.5 36.5 61 138.0 82.6 60
& 61 76.3 38.9: 51 151.1 85.1 56
6 53 114.8 73.6 64 240.9 147.0 61
7 77 100.7 Bl Rl 143.6 77.6 54
8 55 102.0 52.6" 52 192.5 115.9 60
9 62 80.5 42.3 53 139.3 78.6 56
10 67 75.0 47.0 63 178 7 108.7 61
Average 59 79.6 44.6 56 172.3 101.0 59
Women
1 67 26.3 14.2 54 61.6 34.9 .57
o) 76 38.0 23.0° 61 109.4 64.7 59
3 91 728 44.2 61 125.0 72.5. 58
4 71 68.9 41.0 60 148.1 90.5 61
5 65 31.4 1929 61 99.8 58.4 59
6 58 60.4 36.8 61 92.8 54.0 58
7 54 54.2 30.2 56 100.3 54.3 54
8 48 57.6 37.9 66 127.6 83.2 65
9 75 49.1 30.9 " 63 94.3 o801 B
10 58 59.9 33.0 55 134.2 81.1 60

Average 66 51.9 31.0 60 109.3 65.1 59

to 40% (36% on the average) in women, demon-
strating a decrease from the value in the neutral
condition. The ratio did not differ significantly be-
tween men and women.

During vocal fold abduction, the length of the
posterior glottis did not differ significantly from
that in the neutral condition. The ratio of the length
of the posterior glottis to the entire glottic length
did not differ significantly either.

Area of Posterior Glottis. Table 2 shows the area
of the posterior glottis and its ratio to the entire
glottic area. In the neutral condition, the area of
the posterior glottis ranged from 26.3 to 73.6 mm?
(44.6 mm? on the average) in men and from 14.2 to
44.2 mm? (31.0 mm? on the average) in women,
with both sexes showing great individual differences.

Fig 4. Histological structure
around posterior glottis (H & E
stain). A) Overview. B) Magnifi-
cation of framed area in A demon-
strating pseudostratified ciliated
epithelium (CE) in posterior glottis
in contrast to stratified squamous
epithelium (SQE) in anterior glot-
tis. PMF — posterior macula flava,
VP — vocal process, GL — gland
in posterior glottis.

The individual differences were attributed not only
to the differences in the length but also to the differ-
ences in the angle of the two vocal folds at the anteri-
or commissure. The area of the posterior glottis was
greater in men than in women (p<0.01). The pos-
terior glottis accounted for 50 % to 64 % (56 % on the
average) of the entire glottic area in men and 54 %
to 66% (60% on the average) in women. This ratio
did not differ significantly between the two sexes.

During vocal fold abduction, the area of the pos-
terior glottis was 77.6 to 147.0 mm? (101.0 mm? on
the average) in men and 34.9 to 90.5 mm? (65.1 mm?
on the average) in women. Again, the difference
between the two sexes was significant (p<0.01).
The ratio of the area of the posterior glottis to that
of the entire glottis ranged from 54 % to 61 % (59 %
on the average) in men and from 54 % to 65% (59 %
on the average) in women. There was no significant
difference in the ratio between men and women.

HISTOLOGICAL FINDINGS

Neutral Condition. Histologically, the structure
around the posterior glottis consisted of the carti-
lage and the overlying mucosa (Figs 4 and 5).

The mucosa had pseudostratified ciliated epithe-
lium in the posterior glottis. This was in contrast to
the stratified squamous epithelium in the anterior
glottis (Fig 4B). The lamina propria of the mucosa
could be divided into two layers: the superficial and
deep. The former was loose in structure, whereas
the latter consisted of dense elastic and collagenous
fibers and many glands. Many fibers in the deep
layer ran vertically at the posterior wall of the glot-
tis (Fig 5C), whereas most fibers ran in oblique di-
rections at the lateral aspect of the posterior glottis
(Fig 5B).

The underlying cartilage was the cricoid carti-
lage at the posterior wall and the arytenoid carti-
lage at the lateral aspect. The cricoid cartilage and
most of the arytenoid cartilage consisted of hyaline
cartilage. Only a part at the tip of the vocal process
of the arytenoid cartilage was composed of elastic
cartilage.

oy
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Fig 5. Histological structure around posterior glottis (elas-
tica-van Gieson stain). A) Overview. B) Magnification of
lateral aspect of posterior glottis (frame B in A), demon-
strating two layers of lamina propria. Fibers (F) are run-
ning obliquely. C) Magnification of posterior aspect of pos-
terior glottis (frame C in A), demonstrating many fibers
running vertically. SL — superficial layer, DL — deep
layer, CE — ciliated epithelium, GL — gland, VP — vo-
cal process.

Vocal Fold Adduction. The mucosa of the pos-
terior glottis became thicker and folded during

vocal fold adduction, especially at the posterior
wall (Fig 6A). The direction of fibers in the posteri-
or wall described earlier appeared to be suitable to
the folding of the mucosa. The vocal process changed
its shape in the adducted position, being almost
convex in appearance.

Vocal Fold Abduction. The mucosa of the pos-
terior glottis was thinned and stretched during
vocal fold abduction (Fig 6B). The vocal process in
the abducted position was nearly concave in con-
trast to the neutral position, where it was nearly
straight.

DISCUSSION
TERMINOLOGY

In anatomy, the vocal fold is defined as the struc-
ture between the anterior commissure and the tip of
the vocal process. No cartilaginous structure is in-
cluded in the vocal fold. There is no accepted termi-
nology for the structures surrounding the posterior
glottis. On the other hand, many clinicians often
use such terms as cartilaginous portion of the vocal
fold, posterior commissure, and junction between
the anterior and the middle third of the vocal fold,
which are misleading.

No clear-cut definition had been given to the term
cartilaginous portion of the vocal fold until Hirano
and Kurita proposed to define it as the foldlike
structure between the tip of the vocal process and
the posterior end of the laryngeal ventricle.! As de-
scribed earlier, there is no foldlike structure posteri-
or to the posterior end of the ventricle.

The term posterior commissure has no relevance
to the anatomical structure. The term commissure
means a joining together.? The bilateral vocal folds
never join at their posterior ends. The posterior as-
pect of the glottis is a wall. We, therefore, propose
to call it the posterior wall of the glottis. The pos-
terior part of the lateral aspect of the posterior glot-
tis is also a wall. Therefore, we propose to call these
parts the lateral walls of the posterior glottis.

The phrase, junction between the anterior and
the middle third of the vocal fold, means the anter-
oposterior midpoint of the membranous vocal fold,
postulating that there is a cartilaginous vocal fold
which has a length of half that of the membranous
vocal fold. If one employs Hirano and Kurita’s defi-
nition of the cartilaginous portion of the vocal fold,
the cartilaginous portion accounts for approximate-
ly one seventh to one sixth of the entire vocal fold in
men and approximately one fifth in women.? If one
defines the cartilaginous vocal fold as the structure
extending from the tip of the vocal process to the
posterior end of the inner facet of the arytenoid car-
tilage facing the glottis, the cartilaginous portion
accounts for 48 % of the entire length.* The ratio of
2:1 referred to in the phrase, junction between the
anterior and the middle third, has no basis in actual
measurements. Based on our measurements the cor-
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Fig 6. Changes in mucosa of posterior glottis. A) During vocal fold adduction. Mucosa, especially at posterior wall, is thickened and
folded, and vocal process is convex. B) During vocal fold abduction. Mucosa is thinned and stretched, and vocal process is concave.

rect phrase should be the middle of the membran-
ous vocal fold.

DIMENSION

The length of the posterior glottis accounts for
approximately 35% to 45% of the entire glottic
length in the present study. This roughly agrees
with Hiramoto’s results.® The area of the posterior
glottis occupies approximately 50% to 65% of the
entire glottic area. This indicates that more respira-
tory air passes through the posterior glottis than
through the anterior glottis, which may mean that
the main role of the posterior glottis is as an airway.
This finding may have important implications in
planning laryngeal reconstruction. It is also inter-
esting to speculate about the functional differences
in children.?

CLOSURE OF POSTERIOR GLOTTIS

It should be noted that the posterior part of the
larynx does not close completely at-the level of the
glottis, but it closes at the supraglottis. As a result, a
conic space forms in the posterior glottis during
vocal fold adduction. It must be pointed out, how-
ever, that the glottic closure in the present study
was artificially created and differs from that in
vivo. Contraction of the thyroarytenoid and inter-

arytenoid muscles was not simulated. We are cur-
rently conducting fiberscopic observations of the
glottis through a tracheostoma. Our preliminary re-
sults have demonstrated that there is a conic space
even in the posterior glottis of living humans during
phonation. Details of the fiberscopic investigation
will be reported in a separate publication.

ROLE OF POSTERIOR GLOTTIS VERSUS
ROLE OF ANTERIOR GLOTTIS

There is no doubt that the anterior glottis plays
the most important role for phonation. On the other
hand, the posterior glottis appears to play an equal-
ly important role in respiration. The epithelium in
the posterior glottis is a respiratory epithelium,
whereas it is stratified squamous epithelium in the
anterior glottis. Diseases of the anterior glottis usu-
ally cause voice problems. They disturb respiration
only when they present a very large obstruction to
the airway. On the other hand, diseases of the pos-
terior glottis often result in respiratory distress.
They do not affect phonation until they become
very extensive and inhibit vocal fold closure. In con-
clusion, it is apparent from the data presented here
that the posterior glottis is a respiratory glottis,
while the anterior glottis is a phonatory glottis.
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EXPERIENCE WITH PARTIAL CRICOID RESECTION
AND THYROTRACHEAL ANASTOMOSIS
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Since 1973, 28 patients have undergone tracheal and subglottic resection with reconstruction by primary laryngotracheal anastomosis.
Nine patients had postintubation stricture, eight had blunt trauma with cricotracheal disruption, seven had a neoplasm, two had an in-
halation burn, and two had idiopathic stenosis. In all cases, the anterior cricoid arch was completely resected and a submucosal segment of
the posterior cricoid plate was partially resected. A posterior shell of cricoid plate was preserved in 21 patients with intact laryngeal nerve
function. Postoperatively, a Montgomery T-tube was used to stent the anastomosis and subglottic area in ten patients, all of whom had
residual injury or disease at or immediately below the level of the cords. The proximal arm of the T-tube was positioned above the vocal
cords. The tube was removed within 1 month in eight patients and remained for 3 and 18 months in the other two. The extent of resection
varied from 2.5 to 7 cm. Tension-relieving procedures were added in 13 cases. Fourteen patients have been followed longer than 5 years,
and five patients for more than 10 years. A widely patent anastomosis was maintained in 26 patients. In two patients, a partial restenosis
resulted in some limitations of exercise tolerance. Voice and exercise tolerance have not deteriorated with the passage of time. Recurrent
laryngeal nerve function was completely preserved in 20 of the 21 patients whose nerve function was intact before operation.

KEY WORDS — cricoid resection, primary anastomosis, recurrent nerve preservation, subglottic stenosis.

In 1975, we reported on a technique for subglot-
tic resection with primary tracheal anastomosis in-
cluding partial resection of the cricoid cartilage and
preservation of recurrent laryngeal nerve function.!
In the preceding year, Gerwat and Bryce? described
their technique for primary reconstruction follow-
ing subglottic resection using an oblique resection
line, which removed the anterior cricoid ring but
preserved the entire posterior plate or rostrum. Our
operation involves subperichondrial resection of the
anterior part of the posterior cricoid with subse-
quent transverse division of the airway within 0.5
cm of the inferior margin of the vocal cords. Suc-
cessful experience with this operation has since been
reported by Savary (M. Savary, personal communi-
cation), Grillo,® and Couraud and Hafez.*

METHODS AND MATERIALS

Between 1972 and 1986, 28 patients have un-
dergone tracheal and subglottic resection with re-
construction by primary thyrotracheal anastomosis.
Pathologic conditions were postintubation stricture
in nine patients, blunt trauma with cricotracheal
disruption in eight, neoplasm in seven, inhalation
burn in two, and idiopathic stenosis in two. There
were 19 males and nine females, ranging in age be-
tween 16 and 72 years. A circumferential segment
was resected in all cases and varied in length be-
tween 2.5 and 7 cm.

OPERATIVE TECHNIQUE

A detailed and illustrated description of the oper-
ative technique is provided in our original publica-

tion.! In all patients, the anterior cricoid arch was
completely resected and a partial resection of a sub-
mucosal, or subperichondrial, segment of the pos-
terior cricoid plate was included. A posterior shell
of cricoid plate was preserved in all patients with
intact laryngeal nerve function. A transverse, end-
to-end primary anastomosis was performed be-
tween the distal trachea and the inferior margin of
the thyroid cartilage and subglottic mucosa at levels
between 0.5 and 1.5 cm from the inferior margin of
the vocal cords. Interrupted sutures of No. 35 gauge
stainless steel wire were used for the anastomosis in
each case. In four patients, a concomitant laryngo-
fissure was done in order to deal with stenosis and a
disorder extending to the level of the actual glottis.

Contrary to the technique described in our origi-
nal paper, we do not make a deliberate attempt to
identify either recurrent laryngeal nerve unless the
resection is for neoplasm, in which case an involved
nerve must be identified and deliberately sacrificed.

A Montgomery T-tube was used postoperatively
in ten patients (four cases of laryngofissure with
concomitant glottic surgery, five cases with very
high resections in which the possibility of glottic
edema or hematoma was anticipated, and one late
insertion due to partial dehiscence and impending
restenosis. A No. 4 or 5 Jackson tracheostomy tube
was placed in the distal trachea below the anasto-
mosis in an additional 11 patients for 1 to 2 weeks.
In the remaining eight patients, neither a T-tube
nor a tracheostomy was used postoperatively, and
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one of these patients developed severe glottic and
supraglottic edema necessitating an emergency tra-
cheotomy. In the remainder, postoperative edema
was well controlled with a combination of racemic
epinephrine inhalations and bolus intravenous in-
jections of steroid (Solu-Medrol).

CASE MATERIAL

Postintubation Strictures. All nine stricture pa-
tients sustained their injuries as a result of assisted
ventilation using orotracheal intubation or a combi-
nation of orotracheal intubation followed by cuffed
tube tracheostomy. Resection and primary recon-
struction had been unsuccessfully attempted in
three cases. Associated glottic disorders required
concomitant laryngofissure in two cases.

Blunt Trauma With Cricotracheal Disruption.
The injury was due to a forceful and localized an-
terior blow at the cricoid level in all eight trauma
patients. The anterior cricoid arch was fractured in
every case, and a vertical fracture of the posterior
cricoid plate was associated with a laryngoesopha-
geal fistula in four instances. The cervical trachea
was completely transected in all cases and retracted
distally into the upper mediastinum. Seven of these
eight patients had disruption of both recurrent la-
ryngeal nerves, and no attempt was made to recon-
struct the divided nerves in any case. In three of
these patients a primary repair was attempted with-
in a few days of the original injury, but no attempt
was made to resect any part of the cricoid ring and
deal with damaged or avulsed mucosa within the
lower part of this ring. All three were referred with
severe subglottic stenosis and were operated on
using the technique currently described. We saw
only one patient with a fresh injury, which included
a laryngoesophageal fistula, and which was success-
fully repaired primarily with closure of the esopha-
geal defect and partial cricoid resection.

Four of these eight patients with posttraumatic
disruptions suffered posterior cricoid fractures with
a tear and fistula extending into the anterior wall of
the upper esophagus. All four were successfully
closed at the time of partial cricoid resection and
thyrotracheal anastomosis.

Neoplasm. Seven patients had tumors involving
the upper trachea and lower subglottic level: three
had squamous cell carcinoma, one had adenoid cys-
tic carcinoma, one had adenocarcinoma of the thy-
roid, one had leiomyosarcoma, and two had benign
neurofibroma. Two of the three patients with squa-
mous cell carcinoma presented as postradiation re-
currences, having received 6,000 and 6,500 cGy.
The patient with thyroid carcinoma had had a total
thyroidectomy with bilateral neck dissection fol-
lowed by radical irradiation and was referred with
benign postradiation damage and stenosis involving
the upper trachea, subglottis, and glottis. The pa-
tient with a leiomyosarcoma and one of the two pa-

tients with a benign neurofibroma had undergone
incomplete prior resections.

All three patients who had received prior radical
irradiation presented difficult problems in postoper-
ative management. In each case, a Montgomery T-
tube was used to stent the anastomosis and glottis,
with the upper arm of the T-tube passing above the
level of the vocal cords. One T-tube was left in place
for 19 months before the patient could be success-
fully extubated. Persistent aspiration was a problem
in all three cases and was assumed to be due to fixa-
tion of the larynx and hypopharynx following a
combination of surgery and previous irradiation.

All patients had complete resections of their tu-
mors, and no cases have shown local recurrence
during follow-ups extending between 1 and 12
years.

Inhalation Burns. Two patients sustained injuries
due to inhalation at the time of an explosion of cor-
rosive chemical material: formaldehyde and hydro-
chloric acid in one case and antimony trichloride in
the other. The injuries included damage to the hy-
popharynx and proximal esophagus in both patients
and were successfully managed by the gastroenter-
ologists in each case. Each patient developed a long
and severe stricture extending from the glottis well
down into the cervical trachea, and one sustained
severe damage to the vocal cords requiring laterali-
zation on one side, excision of the cord on the other,
and the insertion of several mucosal grafts via la-
ryngofissure before he was referred to our service.
Details of these two cases are reported in our origi-
nal publication.’

Idiopathic Subglottic Stenosis. In two patients,
both young women, the cause of a short subglottic
stricture lying within the lower half of the cricoid
ring was undetermined. One of these patients had
been successfully treated for Goodpasture’s syn-
drome with steroids and azathioprine (Immuran).
The stricture was identified at the time of original
diagnosis, at which time there was active inflam-
matory granulation tissue in the circumferentially
involved segment. A Montgomery T-tube was left in
place for 1 year, during which time the Good-
pasture’s syndrome came under complete control.
Following removal of the T-tube the subglottic
stricture promptly recurred, but it appeared mature
and fibrous at this time and was successfully
managed by resection and primary thyrotracheal
anastomosis. No associated disorders were iden-
tified in the other case.

Twelve of the 28 patients presented with a chron-
ic tracheostomy, through which anesthesia was in-
duced in each case. In the remainder, orotracheal
intubation was used, often requiring preliminary
forceful dilatation with a rigid bronchoscope. Fol-
lowing division of the airway, anesthesia was main-
tained using sterile anesthetic connections carried
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into the operative field with intermittent intubation
of the distal airway during the anastomosis. Since
1981, we have used jet ventilation in selected cases,
which hastens and facilitates the placing of anasto-
motic sutures.

A generous collar incision was used in 27 of 28 pa-
tients. In one patient requiring a 7-cm resection, a
median sternotomy was added in order to permit
intrapericardial release of the right pulmonary
hilum and thus reduce tension on the anastomosis.

Superior release procedures were used in 13 of the
28 patients: superior laryngeal release® in nine, and
Montgomery’s technique of suprahyoid release® in
four. In these 13 cases, more extensive lengths were
resected and the release was added to minimize an-
astomotic tension.

RESULTS
COMPLICATIONS

There was no operative mortality. Twelve pa-
tients experienced significant problems with aspira-
tion (particularly for liquids). This complication
was transient in eight cases and subsided completely
within a few weeks to 3 months of surgery. Aspira-
tion remained a persistent problem in four patients:
all four had an associated vocal cord palsy, and three
of the four had undergone prior radical irradiation.
Although a Montgomery suprahyoid release was
used on only four occasions, two of these four cases
experienced transient problems with aspiration.

Seven of the eight patients with cricotracheal dis-
ruption due to blunt trauma had bilateral disrup-
tion of both recurrent nerves and never recovered
any vocal cord function. Five patients with intact
vocal cord function prior to the operation devel-
oped a transient palsy on one side, and four recov-
ered completely within 2 weeks to 4 months. The re-
current nerve was deliberately resected in one pa-
tient with squamous cell carcinoma. In only one pa-
tient, who had a benign stricture following previous
total thyroidectomy and postoperative irradiation,
was the right recurrent nerve inadvertently di-
vided, which resulted in permanent cord palsy.

Four patients developed significant pneumonia
in the postoperative period, and this was attributed
to aspiration in all four cases. Two of these patients
had bilateral cord palsy due to their original blunt
trauma and subsequently improved when a crico-
pharyngeal myotomy was performed after it became
apparent that aspiration was a persistent problem.

AIRWAY PATENCY

Follow-up in these 28 patients extended between
1 and 14 years with a mean length of 5.9 years.

Twenty-one of the 28 patients had intact recur-
rent nerve function before operation. The anasto-
mosis has remained widely patent in 18 cases. Par-
tial restenosis developed in two patients and pro-

duced some functional impairment of the airway.
In neither case, however, was any further therapy
considered necessary.

One patient with a widely patent anastomosis but
with severe postradiation fixation of the larynx and
hypopharynx continued to aspirate massively and
has subsequently undergone operative closure of the
subglottis in order to exclude the distal trachea from
further aspiration.

Seven patients with bilateral vocal cord palsy due
to traumatic cricotracheal disruption are consid-
ered to have a satisfactory compromise between a
sufficiently patent airway and adequate voice. All
of these cases have some degree of hoarseness and
voice weakness along with some limitation of exer-
cise tolerance at the extremes of exertion. In no case
was lateral fixation of an arytenoid cartilage done
at the time of original repair or subsequently. This
addition was recommended by Ogura and Powers’
many years ago, and more recently by Mathiesen
and Grillo,® but does not appear necessary for cases
managed by our operative technique. Four of these
patients have been examined by one of our consul-
tant otolaryngologists (D. P. Bryce) at 3, 4, 5, and
10 years following operation. He did not feel that
any further surgical procedures were required, and
noted a good preservation of mobility of the aryte-
noid cartilages in all four patients. There had been
concern that the subperichondrial dissection of mu-
cosa just below the vocal cords would produce some
damage and ultimate scarring with fixation of the
vocalis muscle and conus elasticus.

Five additional patients have had a late evalua-
tion of anastomotic patency and vocal cord function
by Dr Bryce at 3, 4, 5, 10, and 11 years after opera-
tion (two had postintubation strictures, two had tu-
mor, and one was idiopathic). Airway patency,
voice, and cord mobility were well preserved in all
five.

DISCUSSION

The procedure described in this report represents
a one-stage operation for resection and primary re-
construction of subglottic lesions in selected pa-
tients. There are innumerable reports of alternative
approaches for these problems, which are reviewed
in some detail in the publications by Grillo® and
Couraud and Hafez.* Couraud and Hafez* provide
one of the most comprehensive reports on the diag-
nosis and management of subglottic stenosis that
has yet been published. Since 1968 they have accu-
mulated experience with 60 patients and have made
practical observations concerning clinical presenta-
tion, diagnosis, and management. We concur with
their observations about emergency management.

1. Emergency tracheotomy is unnecessary and should
be avoided since it may only add to the severity
of the pathologic lesion. In all cases, Couraud
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and Hafez have been able to establish a safe up-
per airway using rigid bronchoscopy under gen-
eral anesthesia. In recent years they have used
the Nd:YAG laser in selected cases to comple-
ment the dilatation achieved at bronchoscopy.
The decision for tracheostomy can then be made
electively in selected cases.

2. Steroids and antibiotics are administered during
this emergency period. Our group found the use
of racemic epinephrine inhalation a beneficial
addition.

3. Elective surgical management is deferred until
maximal resolution of infection and inflamma-
tion in the lesion has been achieved.

In the report of 60 cases by Couraud and Hafez,*
a variety of approaches was used for management
and reflects changes in understanding and tech-
nique that have developed since 1968. In early
years, they used a variety of staged and plastic re-
constructions, which included the use of free carti-
lage grafts, molded prostheses, stents, and such op-
erations as the Rethi procedure. Subsequently, they
report excellent results in a selected group of 16 pa-
tients (16 consecutive good results) in which the le-
sion was amenable to circumferential, segmental
resection using the technique of partial cricoid re-
section and laryngeal nerve preservation originally
described by us.!

Grillo reported his experience with 18 patients
with subglottic stenosis in 1982.% Thirteen of these
18 cases were managed by an oblique resection,
which included the anterior cricoid arch, but did
not require resection of cartilage or mucosa proxi-
mal to the inferior border of the cricoid cartilage.
In five patients, however, the posterior subglottic

mucosa was resected at a higher level, closer to the
vocal cords. Reconstruction of the posterior muco-
sal defect without partial cricoid resection using a
pedicle of membranous trachea from the distal tra-
cheal margin is described. This is a technically more
difficult anastomosis in the narrowest part of the
subglottic airway, and when circumferential steno-
sis is present at this level, we believe there may be
an advantage in adding a subperichondrial resec-
tion of the posterior cartilaginous plate. This will
widen the rigid margins of the airway at this level
and should increase the potential diameter of the
subsequent thyrotracheal anastomosis. The subglot-
tic mucosa at this upper resection margin is some-
what elastic and will stretch to some degree when
anastomosed to the larger diameter, distal tracheal
stump.

Couraud and Hafez* also report on their unique
experience with five patients in which the cricoid
cartilage was entirely resected. These represent the
most challenging problem in this group of subglottic
lesions, and their experience with these five cases
appears remarkable. They used prolonged nasotra-
cheal intubation (up to 9 months) as the method of
stenting and stabilizing the larynx and subglottic
segment. It is difficult to evaluate the role played by
their use of a free periosteal graft inserted in the in-
terarytenoid position. Nevertheless, good results
were obtained in four of the five patients within less
than 1 year of initiating surgical management. We
have had no experience with total cricoid resection,
but are encouraged to consider this approach in the
future. It would seem logical to replace the nasotra-
cheal tube with a Montgomery T-tube for such pro-
longed stenting.
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STAGED REPAIR OF EXTENSIVE TRACHEAL
AND LARYNGOTRACHEAL STENOSES
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The usual operative procedures (primary tracheal anastomosis, cricotracheal anastomosis, skin grafting and stenting, pedicle cartilage
grafts, or free rib grafts) used to correct stenoses of great length involving the trachea or laryngotrachea have a high incidence of failure. An
alternative method of reconstruction is the open technique, which requires three stages. The initial stage creates a trough after resection of
the stenotic area, followed by subcutaneous embedding of a rigid material adjacent to the trough, and finally closure of the trough by re-
formation of the anterior wall. This staged procedure has been used in adult patients with tracheal stenoses greater than 4 cm, in patients
with tracheal stenoses involving the cricoid, and in patients whose primary corrective operative procedures have failed. This paper critical-
ly assesses 30 patients who have had a staged reconstruction with a minimum follow-up of 12 months. The indications, number of pro-
cedures performed, time required for decannulation, complications, and analysis of failures are presented. The incidence of success in this

series of patients is 76 % (23/30).

KEY WORDS — laryngotracheal stenosis, reconstruction surgery, stenosis, trough reconstruction.

The correction of stenosis of the upper airway
measuring 4 cm or greater in length, either isolated
to the cervical trachea or involving the trachea and
the subglottis, remains a difficult challenge for the
laryngologist. One method for correction of these
extensive stenoses is a staged repair.

The staged, or trough, technique of reconstruc-
tion for the correction of stenosis was initially
published in the American literature by Fairchild®
in 1927. Following resection of the stenotic seg-
ment, he advanced the adjacent neck skin into the
defect to form a trough, which was closed later. He
did not embed any material to maintain rigidity. In
1935, LeJeune and Owens? reported a method of
staged reconstruction for laryngeal stenosis in
which split-thickness skin grafts were used to resur-
face the defect resulting from scar tissue resection.
The laryngostome was closed once the scar tissue
was observed not to recur.

In 1951, Som? established the basic principles of
the staged reconstructive technique. The first stage
was the excision of scar tissue and resurfacing of the
denuded area with split-thickness skin grafts. In the
second stage a rigid material was implanted sub-
cutaneously adjacent to the trough. In the final
stage the adjacent skin and subcutaneous tissue with
the embedded rigid material was rotated to re-form
the anterior wall of the reconstructed airway. In
this publication Som reported the successful correc-
tion of a laryngotracheal stenosis measuring ap-
proximately 4.5 cm in length. The multistage recon-
struction required 9 months for completion. An
adequate airway was demonstrated at the 6-month
follow-up examination.

Serrano et al,* in 1959, reported four patients in
whom rib cartilage was implanted for anterior wall
rigidity in a staged technique of cervical tracheal
reconstruction. They did not indicate the interval
for successful reconstruction or the number of suc-
cessful cases. Montgomery,® in 1964, reported a
similar staged technique but used a slightly differ-
ent method of trap door formation and cartilage in-
sertion. In 1966, Grillo® published a successful case
of staged reconstruction of the cervical trachea
following tumor resection. His technique consisted
of inserting plastic rings subcutaneously at the sec-
ond stage. The completed reconstruction required 4
months. Bryce and Lawson,” in 1967, presented
three cases of reconstruction by the staged tech-
nique. Two of these cases were reconstructed in ap-
proximately 4 months, and the airway was excellent
4 months and 5 years following reconstruction.
Krizek and Kirchner® reported a staged reconstruc-
tion in 1972 using implanted septal cartilage for
support for the anterior wall. The patient had an
adequate airway at 1 year following reconstruction.
Friedman et al® in 1975 and Lawson et al*® in 1977
each presented a case of successful reconstruction
with follow-up of 12 months and 24 months, re-
spectively. Marlex mesh was the material embedded
for tracheal support.

MATERIALS AND METHODS

The charts of all patients admitted to the Depart-
ment of Otolaryngology of the Mount Sinai Medical
Center from 1974 to 1985 with tracheal or laryngo-
tracheal stenosis, reconstructed by the authors using
the staged trough technique, were reviewed. The
data extracted from the records included the site
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and length of the stenosis, the number of surgical
procedures (other than laryngoscopies), and the
final result. The follow-up interval was a minimum
of 12 months after decannulation. Complications
following decannulation were also noted.

RESULTS

Thirty patients are included in the review. Two
of the 30 patients were children, 3 and 12 years of
age. The stenosis was caused by prolonged endotra-
cheal intubation in 23 patients and external trauma
sustained in automobile accidents in seven patients.
The length of the stenosis in the 28 adult cases
measured 3.5 cm in two cases and 4 cm or greater in
26 cases. The stenoses in the 3- and 13-year-old
children measured 2.5 cm and 3.5 cm, respectively.
The location of the stenosis was glottic, subglottic,
and tracheal in ten patients, subglottic and tracheal
in 16, and tracheal alone in four. Twenty of the 30
patients had had one or more unsuccessful surgical
procedures, including either resection and primary
anastomosis or cartilage or bone grafts with skin
grafting and stenting. Dilatation, steroid injections,
and laser resection had also been employed in this
group of patients either before or after the failed
surgical procedures. All patients undergoing the
staged surgical reconstruction had evidence of not
only lumen stenosis secondary to fibrosis but also
cartilage loss from chronic chondritis.

The number of surgical procedures required (the
first being the formation of the trough and the last
being the final closure) varied from three to eight.
The time between the first procedure and the last
procedure varied from 3 to 36 months. The recon-
struction was completed in 3 to 6 months in nine pa-
tients, in 7 to 12 months in seven patients, in 13 to
18 months in five patients, and in 19 to 36 months in
three patients.

Twenty-three of the 30 patients were permanent-
ly decannulated. Seven cases were considered fail-
ures; these patients never reached the final stage of
closure or required a permanent tracheotomy fol-
lowing the final stage.

Six patients developed complications following
successful decannulation. Neck abscesses occurred
in two patients secondary to trauma at the closure
sites. Drainage with extraction of the exposed Mar-
lex mesh was performed without airway interfer-
ence. Four patients required tracheostomies follow-
ing the final stage of repair because of recurrent air-
way compromise. One patient required a tracheot-
omy following external trauma. This patient was
decannulated after re-formation of the trough and a
secondary closure. The second patient required a
tracheotomy following intubation for 5 hours dur-
ing abdominal surgery. The lower end of the trough
was reopened and secondarily closed 6 weeks later.
The third patient did well for 3 years following
reconstruction of the laryngotrachea for stenosis of

the glottis, subglottis, and the first four tracheal
rings. At the time of the original repair, the right
vocal cord lacked mobility, which did not interfere
with airway rehabilitation. However, the onset of
left vocal cord paralysis 3 years later required a
tracheotomy. The fourth patient required a trache-
otomy for myasthenia gravis.

ANALYSIS OF FAILURES

Seven cases are considered to be failures. The first
patient had a successful reconstruction, but at 10
months following the final stage it was necessary to
reinsert the tracheotomy because of a relapse of my-
asthenia gravis. This patient continuously corks the
tracheotomy tube except when on the respirator.

The second patient, who was 12 years of age, had
total airway occlusion from the level of the supra-
glottis to the tracheotomy site with inability to
speak. The reconstruction has allowed the patient
to speak, but the airway is inadequate for decannu-
lation.

The third patient had a tracheal stenosis that ex-
tended inferiorly to the level of a high innominate
artery. Exteriorization of the trachea could not be
performed safely at the inferior aspect. She con-
tinues to wear a Montgomery T-tube. When the
T-tube is removed, the distal end of the trachea
deep to the innominate artery becomes narrowed.

The fourth patient originally had a glottic, sub-
glottic, and tracheal stenosis. She continues to have
obstruction at the level of the glottis and requires a
tracheotomy tube.

The fifth patient was diagnosed as having the
pickwickian syndrome, and the second and third
stages were not performed because of the excessive
weight of the patient.

The sixth patient had severe chronic lung disease,
and while the final stage was accomplished, the
copious secretions could not be cleared and required
a permanent tracheotomy.

The seventh patient died of a myocardial infarc-
tion, unrelated to the surgery, before the third stage
operation.

RECONSTRUCTION TECHNIQUE

The basic principles of upper airway reconstruc-
tion following excision of the stenotic segment are
the interposition and maintenance of an epithelial
lining and the formation of a semirigid wall to pre-
vent collapse with negative pressure (Figure).

The extent of the stenosis is assessed by endoscopy
and computed tomographic scanning. However,
the final decision whether primary or staged recon-
struction is to be employed is frequently made at the
time of exploration. If staged reconstruction is de-
cided upon preoperatively, the midline is incised. If
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Three-stage surgical procedure. A) First stage showing creation of trough following excision of scar tissue. B) Second stage showing
insertion of Marlex mesh. C) Third stage showing circumferential incision. D) Third stage showing rotation of skin with embedded
Marlex mesh. E) Third stage showing primary closure of overlying skin.

a horizontal incision has been selected and the deci-
sion is then made to perform a staged procedure,
the elevated skin flap is split in the midline.

Following exposure of the thyroid cartilage, the
subglottic area, and the trachea to the tracheotomy
site, the stenotic segment is divided vertically in the
anterior midline. The lumen is identified, and the
stenosis is opened to its inferior and superior extent
until a normal lumen is encountered. This may re-
quire incision of the cricoid or thyroid cartilage if
the stenosis involves these sites.

The scar tissue is resected with preservation of
whatever mucous membrane and normal cartilage
is present. If mucosa is absent posteriorly, then a
few millimeters’ width of scar tissue is preserved for
the extent of the resected area. The cartilage anteri-
orly and laterally is usually destroyed. Viable carti-
lage, if present laterally, is preserved. The skin flaps
are then thinned and sutured to the cut margins of
the residual mucosa bilaterally. If there is no muco-
sa, the skin is sutured to the few millimeter-wide
posterior segment of scar tissue that is preserved.
The preservation of this strip of scar tissue allows
the skin flaps to be fixed posteriorly. If the skin flaps
are sutured to one another posteriorly, the skin re-
tracts and foreshortens the depth of the trough.

If the glottis is involved, a thyrotomy is per-
formed, the scar tissue is resected, and the glottic
and subglottic areas are resurfaced by advancement
of the adjacent skin flaps. The cricoid is usually not
divided posteriorly. However, if there is excessive
bulk posteriorly that encroaches on the airway, the
perichondrium is elevated and a cutting bur is used
to trim the cartilage. The skin flaps are anchored to
the posterior mucosa or scar with interrupted 4-0
silk sutures (Figure, A). The trough is packed with
iodinated gauze, and a tracheotomy tube is inserted
into the lower end of the trough. On the third or
fourth postoperative day the gauze is removed and a
Montgomery T-tube is inserted to bridge the gap
and allow the patient to speak. A T-tube is used

only with tracheal or tracheal and subglottic recon-
struction. If the glottis is involved, a T-tube is not
inserted. The sutures are removed after 10 days.

The second stage is scheduled for 3 to 4 weeks
later. At the second stage the trough is evaluated,
and areas of narrowing from scar formation are cor-
rected. The Marlex mesh to be inserted is cut into
pieces measuring approximately 0.5 by 1.75 cm.
These pieces are interposed at distances of approx-
imately 0.5 cm (Figure, B). A vertical incision
through the full thickness of the skin is made on one
side of the trough. The distance of this incision from
the edge of the trough is approximately 1.5 cm
greater than the distance of one edge of the trough
to the other edge of the trough. This incision ex-
tends the length of the trough. The Marlex is in-
serted in the subcutaneous tissue and maintained in
position with a chromic catgut suture. The vertical
incision is then closed.

The third stage is performed approximately 4
weeks later. The patient is admitted to the hospital
several days prior to surgery. The T-tube is removed
and the trough observed for narrowing to ensure
that the T-tube is not acting as a stent. If the lumen
of the trough decreases in size after removing the
T-tube, revision surgery is performed to correct the
area of narrowing and the final stage is deferred for
another 6 weeks.

At the final stage, intubation is performed with a
7- or 7.5-mm nasoendotracheal tube. The previous
vertical incision through which the Marlex mesh
was inserted is reincised but carried more deeply to
the anterior border of the strap muscles to prevent
exposure of the mesh. The superior and inferior
aspects of the incision are extended circumferential-
ly around the trough: The incision is carried 2 cm
above and below the ends of the trough. The con-
tralateral vertical incision is approximately 1.5 cm
from the margin of the trough (Figure, C). The skin
and subcutaneous tissue is elevated. The flap con-
taining the embedded Marlex is rotated 180° and
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sewed to the cut margin of the opposite side of the
trough with 3-0 chromic catgut using interrupted
far-near-near-far sutures (Figure, D). Skin edges
are therefore inverted, yielding an airtight closure.
The donor site is closed primarily by elevating and
advancing the neck skin on both sides of the trough
(Figure, E). A tracheotomy tube is not used. The
patient is awakened and returned to the intensive
care unit, where frequent saline installation and
suctioning of the nasoendotracheal tube are per-
formed. The nasotracheal tube is removed at 48
hours. The patient remains in the intensive care
unit for another 24 hours before being transferred
from the unit. If airway obstruction develops, the
lowermost portion of the skin incision is opened
along with the lowermost portion of the trough inci-
sion, and a tracheotomy tube is inserted.

DISCUSSION

The successful correction of upper airway stenosis
that involves cartilage loss and extends for a dis-
tance of 4 cm or greater is difficult to accomplish.

Limited stenosis of the cervical trachea is best
treated by excision and primary anastomosis.
Though at times extended segments measuring up
to 5 or 6 cm may be resected and successfully re-
paired by primary anastomosis in young patients
who possess elastic tracheal cartilage, it has been
our experience that the incidence of success is less
than 50% when the stenotic segment is 4 cm or
greater in length.

The difficulties in reconstruction are further com-

pounded when the stenosis crosses the cricoid to in-
volve both the subglottis and the trachea. Proposed
reconstructive procedures using skin grafts and
stents, the interposition of bone or cartilage grafts,
and primary thyrotracheal anastomosis similarly
experience poor results with stenoses of 4 cm or
greater in length.

Therefore, the staged method of reconstruction is
selected when primary anastomosis or thyrotrache-
al anastomosis is likely to fail because of the ex-
tended length of the stenosis; where the stenosis in-
volves the glottis, subglottis, and trachea; or follow-
ing previous attempts at repair by primary anasto-
mosis or hyoid bone or rib interposition.

The advantages of the staged procedure are that
one can observe the trough and treat granulations
that form or revise any subsequent scar tissue for-
mation. Prior to closure, the anterior aspect of the
trough can be occluded with Vaseline gauze to as-
sess the adequacy of the airway. There is a high pre-
diction of long-term success once an adequate
trough is formed.

The disadvantages of this technique are the
necessity for multiple stages and the length of time
until final closure. The anterior neck skin used must
be free of hair, and the reconstructive segment is
more susceptible to subsequent external and inter-
nal trauma than the normal trachea. Occasionally
these patients will have crusting of the skin lining,
which produces an unpleasant odor. In spite of
these deficiencies, the ultimate success rate with
this type of reconstruction is high, averaging 76 %
(23/30) in the present series.
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DIAGNOSIS AND TREATMENT OF SMALL CELL CARCINOMA
OF THE LARYNX: A CRITICAL REVIEW

ALFIO FERLITO, MD
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Small cell carcinoma of the larynx is an uncommon neuroendocrine tumor with particular pathologic, therapeutic, and prognostic
connotations. The first case of this lesion was observed in Canada in 1972. Fourteen cases of small cell carcinoma of the larynx were observed
in the Ear, Nose, and Throat Department of Padua University in a series of 3,284 primary and secondary laryngeal and hypopharyngeal
malignant neoplasms. This number constitutes the largest collection from a single institution in the literature and brings the total recorded
cases to 66. The tumor is thought to arise from the argyrophilic Kulchitsky cells normally found in laryngeal mucosa. The diagnosis is based
on the light microscopic appearance of the neoplasm and can be confirmed by electron microscopy. The differential diagnosis must be
made from carcinoid, atypical carcinoid, small cell squamous carcinoma, small cell ductal carcinoma, lymphoma, mycosis fungoides, and
metastatic lung small cell cancer. Systemic chemotherapy with radiation therapy is the accepted manner of treatment today. The survival
of the patients treated with these modalities may be significantly improved, and some patients may be cured.

KEY WORDS — apudoma, neuroendocrine carcinoma, small cell carcinoma.

Small cell carcinoma (SCC) of the lung is a highly
aggressive neoplasm with one of the highest mortal-
ity rates for cancer in humans. Reports of extrapul-
monary primary SCC are appearing with increasing
frequency in the literature. Other than in the larynx,
these tumors may arise in the nasal cavity, paranasal
sinuses, tongue, salivary glands, esophagus, trachea,
stomach, pancreas, small and large bowel, uterine
cervix, endometrium, breast, prostate, urinary blad-
der, skin, and thymus.!"5> Sometimes the primary
site of the lesion is unknown.*-°

The larynx appears to be one of the most common
sites for extrapulmonary SCC, but this lesion ac-
counts for less than 0.5% of the primary and secon-
dary laryngeal malignancies in my material.’® To
date 66 cases of this neoplasm??*7-**-4” have been de-
scribed in the world literature. These include the
present series, several cases of which have already
been reported by our group.?*:%:3¢-37-41:47 QOther cases
have only been mentioned.**-** The first case was
observed in Canada and was reported by Olofsson
and van Nostrand'' in 1972.

Fourteen cases of SCC of the larynx are reported
here and show that long-term survival is possible in
some cases. This is the largest series from a single in-
stitution reported in the literature.

MATERIALS AND METHODS

From January 1966 through December 1984, 14
cases of SCC of the larynx were observed in the De-
partment of Otolaryngology of Padua University, in
a series of 3,284 primary and secondary laryngeal
and hypopharyngeal malignant neoplasms. The bi-
opsy fragments and surgical specimens were fixed in
10% formalin and embedded in paraffin. Sections

were stained with hematoxylin-eosin, PAS with and
without diastase, and Gomori’s silver reticulin
stain. In all cases sections were stained with
Grimelius and Fontana-Masson stains. In case 3,
formalin-fixed, paraffin-embedded tissue was re-
processed for electron microscopy. The fragments
were deparaffinized in xylene and hydrated with
graded alcohols to a 0.2 M phosphate-buffered solu-
tion (pH 7.4), postfixed in osmium tetroxide, re-
washed in 0.1 M phosphate-buffered solution (pH
7.4), dehydrated in acetone, and embedded in
epoxy resin. Sections were cut with an ultramicro-
tome, and the ultrathin sections obtained were
stained with uranyl acetate and lead citrate and ex-
amined by transmission electron microscopy.

Specimens for electron microscopy, consisting of
fragments of primary tumor (case 12) and of both the
primary tumor and the cervical lymph node (case
14), were fixed in 2% phosphate-buffered glutaral-
dehyde, postfixed in 1% phosphate-buffered osmium
tetroxide, dehydrated in alcohol and propylene ox-
ide, and embedded in epoxy resin. Semithin sections
(about 600 pm thick) were stained with toluidine
blue and examined with a light microscope. Thin
sections (about 80 um thick) from selected areas
were stained with uranyl acetate and lead citrate
and examined by transmission electron microscopy.

PATHOLOGIC FINDINGS

In a review of material from the Department of
Otolaryngology, 14 cases of laryngeal tumors, histo-
logically indistinguishable from typical SCC of the
lung were identified. The tumors were arranged in
sheets, and occasionally interconnecting ribbons of
small cells with minimal cytoplasm and relatively
large hyperchromatic oval, round, or spindle-shaped
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Fig 1. Light micrographs from patients in Table 2. A) (Case 5) Typical pattern of laryngeal SCC, oat cell type (H & E, original
x100). B) (Case 3) Vascular invasion (H & E, original x100). C) (Case 3) Irregular cords and clumps of tumor cells separated by mu-
coid stroma (H & E, original x40). D) (Case 3) Lymph node metastasis from laryngeal SCC (H & E, original x100). Note size of neo-

plastic cells in comparison with lymphocytes.

nuclei with delicate chromatin and inconspicuous
nucleoli could be seen (Fig 1A). Tumor necrosis was
prominent. Typical crush artifact was present. Mi-
toses were numerous, and vascular (Fig 1B), peri-
neural and skeletal muscle invasion was commonly
seen. Rosette formations were rarely observed. The
stroma was scanty and rarely mucoid (Fig 1C).
Sometimes several neoplastic multinucleated giant
cells were seen. Occasionally the cells appeared to
cluster around alveolar-like spaces containing dia-
stase-resistant PAS-positive material. Reticulin
stain was negative. Grimelius and Fontana-Masson
staining for argyrophilic and argentaffin cells, re-
spectively, were negative in all cases. The micro-
scopic features of the metastases were similar to
those of the primary tumors (Fig 1D).

Of these 14 cases of primary SCC of the larynx,
seven were oat cell carcinoma, six were combined
SCC, and one was intermediate cell type.

In three cases (cases 3, 12, and 14), electron mi-
croscopy showed a small number of neurosecretory
granules, 60 to 120 mm in diameter, with a dense
central core and clear halo. In case 3, the granules
appeared to be surrounded by ill-defined or well-
defined limiting membranes and sometimes by a
fragment of membrane. The neoplastic cells of both
the laryngeal specimens (cases 12 and 14) and the

cervical lymph node (case 12) were connected to
each other by scattered desmosomelike junctions,
had indented nuclei with coarse chromatin clumps,
and contained tonofilaments and membrane-bound
neurosecretory granules (Figs 2 and 3). Occasional-
ly tonofilament bundles, desmosomes, and dense
core granules were present in the same cells (Fig 2).
The cytoplasm was scanty and contained some mi-
tochondria, polyribosomes, and in some cases, pro-
files of rough endoplasmic reticulum and a well-de-
fined Golgi system. The lymph node metastasis had
all the morphologic features of the primary tumor.

DISCUSSION

Primary neuroendocrine tumors of the larynx in-
clude atypical carcinoid, carcinoid, paraganglioma
(or chemodectoma), and SCC, the commonest of
this group.

The relevant clinical and pathologic data of the
cases reported in the literature are summarized in
Table 1 and from my 14 cases in Table 2.

The lesion may occur in any laryngeal region, al-
though its incidence is relatively higher in the su-
praglottic and subglottic regions. The tumor occurs
mainly in men of 60 to 70 years of age who have been
heavy cigarette smokers. The symptoms and signs
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are similar to those of other laryngeal tumors and
depend upon the region involved. In some cases, an
early neck mass may be the presenting sign.

Small cell carcinoma is also referred to as oat cell
carcinoma, anaplastic cell carcinoma, microcyto-
ma, reserve cell carcinoma, undifferentiated carci-
noma, undifferentiated SCC, anaplastic SCC, apu-
doma, neuroendocrine neoplasm, neuroendocrine
carcinoma, small cell neuroendocrine carcinoma,
Kulchitsky cell carcinoma, small cell tumor, and
carcinoma with APUD cell differentiation.

It has been suggested that SCC and carcinoids of

By

Fig 2. (Case 12 in Table 2) Neoplas-
tic cells of larynx connected by scat-
tered desmosomelike junctions (ar-
rowheads), containing indented nu-
clei- with coarse chromatin clumps,
poor microfilaments (F), and mem-
brane-bound neurosecretory gran-
ules (arrows) (uranyl acetate and
lead citrate, original x24,000).

the lung and larynx have a common precursor, the
argyrophilic Kulchitsky cells or cells of the amine
precursor uptake and decarboxylation (APUD)s?
cell system, which are cells with similar cytochemi-
cal and ultrastructural features. Cells with the
characteristics of gastrointestinal Kulchitsky cells
have been found in the epithelium and submucosal
glands of the lower respiratory tract.** Electron mi-
croscopy and histochemical techniques have pro-
duced evidence to support the theory that both pul-
monary carcinoid tumors and SCC originate from
these cells.>* The same cells have been found in hu-
man and canine salivary glands,® in the laryngeal
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Fig 3. (Case 14 in Table 2) Tightly *
packed oat cell carcinoma cells of K
larynx (uranyl acetate and lead ci-
trate, original x28,000). Note nu-
clear projections (arrowheads) and
small number of neurosecretory
granules (thin arrows) with central
dense core and clear halo in cyto-
plasmic process (P). One cell con-
tains well-defined Golgi system (G).

mucosa of the rat®*¢ and guinea pig,’’ and also in
human laryngeal?**®* and esophageal mucosa.>’
Therefore, it is not surprising that SCC and car-
cinoid tumors should occur in the larynx, trachea,
esophagus, and salivary glands, as well as in the
lung.** Furthermore, the association of primary
small cell laryngeal cancer with the Schwartz-Bart-

ter syndrome?® (hypersecretion of ADH) and the
Eaton-Lambert syndrome** (myasthenic syndrome)
support the theory that such tumors in the lung and
larynx have a common origin from neuroendocrine
cells. The theories about embryogenesis of the cells
of the APUD cell system are still controversial. For
many years these cells were believed to arise from
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TABLE 1. CASES OF LARYNGEAL SMALL CELL CARCINOMA REPORTED IN LITERATURE

Case Study Age/Sex Site Stage
1 Olofsson and van Nostrand!! 72/F Subglottic region I
2 Ferlito'>1%} 67/M R hemilarynx, subglottic region II
3 Benisch et al* 64/M R true and false VCs, aryepiglottic fold, pyriform sinus I
4 Gelot et al** 68/F R VC II
5 Mirejovsky and Hrobon®® 69/M L laryngeal ventricle I
6 Bitran et al” 72/M L true and false VCs II
7 Bone and Deer*® 64/M L false VC II
8 Dietz and Wilhelm*® 31/F Subglottic region II
9 Eusebi et al*® 63/M R aryepiglottic fold, arytenoid, pyriform sinus, false VC I

10 Kyriakos et al*? 59/M L false VC, aryepiglottic fold, epiglottis II
11 Kyriakos et al?? 53/F L false VC, aryepiglottic fold I
12 Myerowitz et al* 63/M L false VC, epiglottis I
13 Higazi* 40/F R arytenoid, aryepiglottic fold I
14 Johnson et al?® 68/F Subglottic region I
15 Lorenz and Arena®® 59/M L VC, subglottic region I
16 Mullins et al*” 45/M Epiglottis 11
17 Trotoux et al*® 61/M Subglottic region II
18 De la Torre-Rendén et al*® 49/M Region below R VC III
19 Leonardelli et al** 63/F R ventricle, true VC, subglottic region II
20 Vrabec and Bartels® 55/M Epiglottis, R aryepiglottic fold, pyriform sinus, subglottic region II
21 Gould et al? 59/M RVC I
22 José et al* 68/M Epiglottis, R VC, aryepiglottic fold, arytenoid I
23 Hay and Busuttil®® 59/F L aryepiglottic fold, false VC I
24 Hay and Busuttil*® 62/F Subglottic region, anterior commissure II
25 Lindell et al*® 40/F True VCs, upper trachea

26 Lindell et al** 64/F Entire side of L larynx, subglottic region

27 Lindell et al®® 53/M R aryepiglottic fold, medial wall pyriform sinus

28 Lindell et al** 63/M R arytenoid, aryepiglottic fold

29 Lindell et al®*® 50/M R aryepiglottic fold

30 Sun et al** 52/M L true VC with extension beyond commissure III
31 Thompson et al*® 54/M Subglottic region I
32 Gnepp et al* 64/M Anterior commissure III
33 Gnepp et al* 51/M R true VC, subglottic region I
34 Gnepp et al* 66/M R false VC I
35 Gnepp et al* 66/M II
36 Gnepp et al* 43/M R pyriform sinus, false and true VCs, cricoid, esophagus 11
37 Gnepp et al* 60/M I
38 Gnepp et al* 91/M Glottic, subglottic regions I
39 Gnepp et al*! 23/M R true VC II
40 Gnepp et al*! 47/M R false and true VCs, ventricle II
41 Mills et al*® 58/F Subglottic region I
42 Mills et al*® 49/M R pyriform sinus II
43 Kimmelman and Haller* 44/F Subglottic region III
44 Posner et al® 58/F Subglottic region III
45 Posner et al*? 61/F R hemilarynx, aryepiglottic fold I
46 Posner et al® 62/F Supraglottic region III
47 Posner et al* 69/M Larynx, R pyriform sinus I
48 Medina et al* 64/F L aryepiglottic fold, false VC, epiglottis II
49 Coakley* 82/M Epiglottis II
50 Weidauer et al* 42/M Subglottic region I
51 Baugh et al’ 63/F R pyriform sinus, postcricoid region II
52 Baugh et al’ 35/M L lateral pharyngeal wall, pyriform sinus II

C — chemotherapy, DOD — dead of disease, FN — follow-up not reported, NED — no evidence of disease, PHL — pharyngolaryngectomy, PL, —
partial laryngectomy, RND — radical neck dissection, RT — radiotherapy, TL — total laryngectomy, VC — vocal cord.
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TABLE 1 (continued). CASES OF LARYNGEAL SMALL CELL CARCINOMA REPORTED IN LITERATURE

Metastases
Case Initial Late Treatment Follow-up
1 RND, RT, TL Dead at 7%, yr, NED*
2 Cervical nodest RND, TL DOD in 4 mo
3 Cervical nodes R chest wall, liver RND, RT, TL DOD in 5 mo
4 Cervical nodes Pleura %xTcision of neck mass, PL, DOD in 1 yr
5 Liver PL Dead at 2 mo of peritonitis
6 Cervical nodes Liver €5 RT DOD in 26 mo*
7 Cervical nodes Pleura, mediastinum, ribs, diaphragm, PL, RND, RT DOD in 4 mo
heart, lungs, liver, mesentery, omen-
tum, periadrenal fat
8 Paratracheal nodes g:irtial thyroidectomy, RT, Alive, NED at 6 mo
9 Cervical nodes PL, RND DOD in 2 yr*
10 Cervical nodes Liver, bone marrow RT DOD in 3%, mo
11 Cervical nodes Sternum, bone marrow PL, RND, RT DOD in 13", mo
15 Cervical nodes, mediastinal nodes, C, PL, RND DOD in 10 mo
lungs, liver, adrenal glands
13 Cervical nodes RND, RT FN
14 Cervical nodes, bone marrow, spleen,  RT, thyroid lobectomy, TL  DOD in 10 mo
liver, pancreas, thyroid, anterior pitu-
itary, lungs
15 Cervical nodes Pancreas, liver gaLr‘ual thyroidectomy, RND, DOD in 1 yr*
16 Cervical nodes Liver @, Pl RNID RIE DOD in 1 yr 7 mo*
17 Cervical nodes Liver (?) RND, RT DOD in 4 mo
18 Liver, lungs None Dead before any active treatment
19 Cervical nodes RT Alive, NED at 1 yr
20 Cervical nodes @ R Alive, NED at 3 yr 9 mo*
21 Mediastinum, liver, lungs C,.RT DOD in 1 yr 6 mo
22 Metastases (unspecified) R, TL DOD in 4 yr 6 mo*
23 Scalp, submandibular area, posterior C, RT DOD in 1 yr 3 mo
chest wall, inner canthus
24 Cervical nodes Liver G, RT DOD in 2 mo
25 Brain FN
26 FN
27 PE: Ril; FN
28 Groin, perineum FN
29 Liver FN
30 Cervical nodes, Lungs, vertebrae, brain, RT DOD in 2 mo
scapula leptomeninges
31 G, RT Dead at 4%, yr of IgD myeloma*
32 Cervical nodes, lung, None DOD in 1 mo
scapula
33 Humerus, iliac wing @ Rk, TE DOD in 10 mo
34 Partial thyroidectomy, TL ~ Alive, NED at 7%, yr
35 Cervical nodes Inguinal nodes, bone, liver, lung, RT DOD in 6%, mo
adrenal gland, psoas muscle
36 Cervical nodes Lungs, hilar nodes in axilla, liver, dura  RT DOD in 1 yr 1 mo
37 Liver, lung, peritoneum, bone marrow  RND, RT, TL DOD in 10, mo
38 None DOD in 1%, mo
39 Cervical nodes RT Dead at 11 mo of adenocarcinoma
of pancreas
40 Cervical nodes Brain RNERI T DOD in 1 yr
41 C, RT, thyroidectomy, TL DOD in 1 yr 1 mo
42 Cervical nodes Iﬁ%mphadenectomy, PHEL Alive, NED at 6 mo
43 Bone (multiple) C, RT DOD in 1 yr*
44 Cervical nodes, bone C DOD in 9 mo
marrow, liver, spleen,
bone
45 C, R Alive, NED at 1 yr 3 mo
46 Cervical nodes, bone (6] DOD in 6 mo
marrow, liver, spleen,
bone, epidural
47 Liver €, TL DOD in 1 yr 7 mo
48 Cervical nodes Several organs C, RT DOD in 10 mo
49 Cervical nodes RE DOD in 5 mo
50 Cervical nodes, liver, spinal cord C, RND, TL DOD in 10 mo
51 Cervical nodes C, excision of neck mass Alive, NED at 4 yr 7 mo
52 Cervical nodes RT Alive, NED at 1 yr 9 mo

*Current follow-up information received from direct communication with authors.
1This case was encountered at Verona Section of Department of Otolaryngology at Padua University.
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TABLE 2. CASES OF LARYNGEAL SMALL CELL CARCINOMA DIAGNOSED FROM
JANUARY 1966 TO DECEMBER 1984

SCC Subtype

Case AgelSex Smoking History Symptoms Site and Stage
1 50/M 20 Cig/d Hoarseness L hemilarynx CS I
9% 0O/IM 20 Cig/d " Hoarseness, neck mass L true and false VCs, region below VC ICS II
3 57/M 40 Cig/d Neck massf R PS CS II
4 59/M 40 Cig/d Hoarseness True VCs, anterior commissure OES el
5 56/M 15 Cig/d Dysphagia Epiglottis CS I
6 53/M 20 Cig/d Dysphagia L aryepiglottic fold, arytenoid, PS 0ES: 11
il 73/M 15 Cig/d Hoarseness, dyspnea Subglottic region Q€S =T
8 59/M 20 Cig/d Hoarseness, dysphagia Epiglottis, L false VC Q€S 11
9 45/M 5 Cig/d Dysphagia R aryepiglottic fold, PS CS I

10 47/M 20 Cig/d Dysphagia, neck mass R aryepiglottic fold, PS Cs II
11 54/M 30 Cig/d Hoarseness, neck mass True VCs, anterior commissure, subglottic region CS I
12 58/'M 20 Cig/d Neck massf R PS, posterior hypopharyngeal wall QES: 1T
13 73/F 60 Cig/d Dysphagia Epiglottis OoCs 1II
14 61/M 20 Cig/d Hoarseness R hemilarynx ©ES 1l

C — chemotherapy, Cig — cigarettes, CS — combined subtype, DOD — dead of disease, ICS — intermediate cell subtype, NED — no evidence of
disease, OCS — oat cell subtype, PS — pyriform sinus, RND — radical neck dissection, RT — radiotherapy, SCI — symptomatic cranial irradiation,
TL — total laryngectomy, TPH — total pharyngolaryngectomy, VC — vocal cord.

*Patient had squamous cell carcinoma 7 years earlier.
{Electron microscopy showed neurosecretory granules.

the neural crest, but recent data support an endo-
dermal origin,* since SCC may develop into squa-
mous cell carcinoma and adenocarcinoma. **

Using an immunoperoxidase technique, Springall
et al*® and Weidauer et al** recently demonstrated
the presence of neuron-specific enolase (a marker for
mammalian nerves and endocrine cells) in laryngeal
SCC. Neuron-specific enolase has been found in vari-
ous types of neuroendocrine tumors.®* It is possible
that the determination of blood levels of specific pep-
tides, such as serum neuron-specific enolase, may be
a useful marker for staging, monitoring treatment,
and predicting relapse in patients with SCC.**

The histogenesis of combined SCC is not well un-
derstood. It is still not known whether such “com-
posite” or “mixed” neoplasms derive from a com-
mon cell, with subsequent divergent differentiation
into Kulchitsky cells, squamous cells, and/or gland-
ular cells; from several stem cells; or from the dif-
ferentiation of neoplastic cells into squamous,
glandular, and neuroendocrine cell lines.*' The first
possibility appears to be the most probable. The dif-
ferentiation of a neoplastic. stem cell into two or
more morphologically and structurally different ne-
oplastic cells has also been demonstrated experi-
mentally,®® and is well established in hemotologic
malignancies.®® Recent evidence based on bio-
chemical findings and pathologic morphology also
supports this thesis.®*-°® The coexistence of tono-
filaments, desmosomes, neurosecretory granules,
and intracellular lumen or mucous granules in a
same cell in SCC of the lung®” and of the larynx®*
supports the hypothesis that these tumors arise from
a common primitive cell. Mills et al* investigated

two cases of SCC of the larynx ultrastructurally and
found many cells exhibiting both squamous features
(intracytoplasmic tonofilaments and desmosomes)
and neuroendocrine differentiation (dense core
granules). Moreover, one of the tumors was light
microscopically biphasic, with both small cell and
squamous components. Therefore different forms of
differentiation were seen, not only within in-
dividual tumors, but also within individual tumor
cells. Numerous dense core granules and abundant
tonofilaments were also seen in an atypical car-
cinoid tumor of the larynx.®®

Six cases of combined SCC of the larynx were
present in my series, and similar cases have been
reported in the literature.?®**! In two of my cases
of SCC (12 and 14), tonofilaments and a few des-
mosomes and neurosecretory granules were identi-
fied by electron microscopy in single neoplastic
cells. Similar findings were observed in a metastatic
lymph node of case 14.

Mucin production, the formation of intracellular
lumens, tonofilaments, neurosecretory granules,
and intercellular desmosomes were observed in the
histologic and ultrastructural study of an interesting
case of laryngeal SCC reported by Sun et al.** In
particular, there was the unusual coexistence of
tonofilaments and neurosecretory granules in the
same cell. This finding suggests the occurrence of
multidirectional differentiation in individual tumor
cells, which can be demonstrated by ultrastructural
and immunohistochemical studies, as well as by
light microscopy.

The diagnosis of SCC cannot be made radio-
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TABLE 2 (continued). CASES OF LARYNGEAL SMALL CELL CARCINOMA DIAGNOSED FROM
JANUARY 1966 TO DECEMBER 1984

Metastases
Case Initial Late Treatment Follow-up
1 Cervical node (after 9 mo) ’Iflf{ND (after 9 mo), RT, DOD in 1 yr 2 mo
2 Cervical node %)I(Jcision of L cervical node, DOD in 1 yr 8 mo
3 Cervical nodes Ninth thoracic vertebra, 7th and 8th R RND, RT, TPH DOD in 3", mo
R ribs, 5th L rib (after 1 mo)
4 @, RT Alive, NED at 7 yr 3 mo
5 @, RT Alive, NED at 6 yr 6 mo
6 Cervical nodes Lungs, brain @, RND) RT: DOD in 1 yr 7 mo
i RT DOD in 3 yr 3 mo
8 Cervical node CRIT ~ Alive, NED at 6 yr 1 mo
9 Cervical nodes C, RT Dead in 1 yr 9 mo of squamous cell
carcinoma of oral cavity
10 Cervical nodes Lungs &after 2 yr 5 mo), brain and C, RT, C (after 2 yr 5 DOD in 4 yr
bone (after 3 yr 9 mo) mo), SCI (after 3 yr 9 mo)
]: Bilateral RND, RT, TL Alive, NED at 3 yr 6 mo
12 Cervical nodes @RIl Dead during course of treatment
13 Cervical nodes RT Alive, NED at 1 yr 3 mo
14 Cervical nodes Subcutaneous, liver, mediastinal and  Bilateral RND, C, hemilar- DOD in 1 yr 6 mo

abdominal nodes

yngectomy, RT

graphically, and symptomatology is nonspecific.*
The diagnosis is based essentially on the microscopic
appearance of the tumor and confirmed by ultra-
structural evidence of neurosecretory granules. His-
tochemical reactions and immunohistochemical in-
vestigations may support it. Useful criteria for diag-
nosing this tumor include the following.

1. Small tumor cells are of varied shapes with

scanty cytoplasm and relatively large, extreme-

ly hyperchromatic, oval, round, or spindle-
shaped nuclei, with delicate chromatin and in-

conspicuous nucleoli. Some cells may have a

prominent nucleolus.

Mitotic activity is high.

Ribbons and occasionally rosettes may be present.

Tumor necrosis is usually prominent.

The stroma is scanty and may be mucoid.

Perivascular, intravascular, perineural, and

skeletal muscle invasion is commonly seen.

Crushing artifact may be observed, particular-

ly in small laryngeal biopsies.

8. Host response in the form of lymphocytes and
fibroblasts is usually absent.
9. Margins are infiltrating.

10. Argyrophil methods (Grimelius, Sevier-Munger,
Pascual, Churukian-Schenk, Bodian, Wilder)
rarely produce positive results.

11. Generally the results of argentaffin methods
(Fontana-Masson, Diazo, Schmorl) are negative.

12. Mucosubstance stains may show positive mater-
ial within the glands as well as within individu-
al neoplastic cells.

13. Cytoplasmic dense core endocrine-type granules
are usually observed at electron microscopy. Oc-
casionally tonofilaments and desmosomes are
present.

14. Immunoperoxidase studies may give positive
reactions for some histochemical markers (cal-
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citonin, somatostatin, neuron-specific enolase,
ACTH, etc).
15. Immunofluorescence, using antibodies against neu-
rofilaments, may identify intermediate filaments.
16. Paraneoplastic syndromes may occur secondar-
ily to laryngeal SCC.

Small cell carcinomas of the larynx have been di-
vided into the oat cell type, intermediate cell type,
and combined cell type.° Small cell carcinomas of
the oat cell type are characterized by uniform small
cells with a very sparse cytoplasm. The intermedi-
ate form of SCC is very similar, but the neoplasm
consists of polygonal or fusiform cells, and the cyto-
plasm is abundant and visible. Large cells may oc-
cur. Nuclear characteristics are more important
than the size or shape of the neoplastic cells in
reaching a correct diagnosis. Combined SCCs are
tumors in which there is a definite component of
SCC (oat cell carcinoma or intermediate cell type)
together with squamous cell carcinoma or adeno-
carcinoma. Laryngeal SCC may exhibit exocrine
(mucosubstance production) and neuroendocrine
differentiation (dense core granules) and may be re-
ferred to as amphicrine tumors.

Sometimes these tumors produce a pseudoglan-
dular appearance, which may resemble that of car-
cinoid tumor. In a few cases, several neoplastic
multinucleated giant cells may also be identified in
nonirradiated and untreated small cell tumors of
the larynx, as with lung SCC.**"°

It is important to recognize laryngeal SCC as a
distinct clinicopathologic and biologic entity. It has
an aggressive biologic behavior, with early invasion
and metastases via the blood stream and lymphatic
system, and a rapid clinical course. The most com-
mon sites of metastatic spread are the cervical
lymph nodes, liver, lung (Fig 4A), bone (Fig 4B),
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Fig 4. (Case 10 in Table 2) Radiographs. A) Chest x-ray film showing multiple metastases from combined SCC of larynx. B) X-ray
film of right middle finger showing metastasis in distal phalanx. C) CT scan showing brain metastasis in left occipital lobe.

and bone marrow.

The differential diagnosis includes carcinoid,
atypical carcinoid, small cell squamous carcinoma
(or “pseudo” oat cell carcinoma), SCC of salivary
duct origin, lymphoma, and mycosis fungoides. In
addition, it is also important to ascertain whether
the SCC is primary or a metastasis from a broncho-
genic or tracheal SCC. This possibility is extremely
rare, and only two cases were found in a recent re-
view’! of the literature.

Laryngeal carcinoids®**° show uniform cuboidal
cells with pale cytoplasm, moderately prominent
nucleoli, and sparse mitoses. Usually necrosis is ab-
sent. The neurosecretory granules are larger and
more numerous than in SCC. Argyrophilic method
results are usually positive in carcinoid. The pri-
mary difference between the two neuroendocrine
tumors lies in the degree of differentiation. Atypical
laryngeal carcinoid may present a particular diag-
nostic dilemma.°®

Electron microscopy is very useful in distinguish-
ing between SCC and small cell squamous carcino-
ma, as it can reveal the presence of neurosecretory
granules in the tumor cells. Dense core granules are
absent in SCC of salivary duct origin. The presence
of spindle-shaped cells, rosettes, and glandular
structures in SCC and the usually high mitotic index
may assist in the differential diagnosis with malig-
nant lymphoma. In addition the neoplastic cells of
SCC are larger and more pleomorphic than those of
lymphoma. Studies with immuneperoxidase to doc-
ument carcinoembryonic antigen within the tumor
cells showed that it can appear in SCC but is absent
in lymphoma.** Mycosis fungoides involving the lar-
ynx’>7® may also be difficult to distinguish from
SCC. A polymorphic lymphocytic infiltrate, myco-
sis cell with cerebriform nuclei, and Pautrier muco-
sal microabscesses are distinguishing features of my-
cosis fungoides.

Tumor staging is mandatory for therapeutic and
prognostic reasons, and examination should include
the following: chest radiographs, whole lung to-
mography, panendoscopy, bone scintigraphy, liver
echotomography, iliac crest bone marrow aspira-
tion and biopsy, computed tomography of the
brain, and laboratory investigations.

The tumors may be classified according to the fol-
lowing clinical staging system: stage I — limited (to
larynx), stage II — locoregional (tumor is confined
to larynx including ipsilateral and/or contralateral
cervical and supraclavicular lymph nodes), and
stage III — extensive (distant metastases are pres-
ent).

Restaging is absolutely necessary to evaluate the
disease’s course and the results of therapy. The ex-
tent of the disease and the performance status of the
patient are the most important prognostic indica-
tors of survival. Biologic properties inherent in the
neoplastic cells themselves may play a role in re-
sponse to therapy.

Treatment of laryngeal SCC remains a challenge
for physicians. Radical surgical procedures (total lar-
yngectomy and radical neck dissection) have failed
in the majority of cases reported. Radiotherapy com-
bined with systemic chemotherapy, as for SCC of
the lung, might improve the prognosis.”'’-’* Com-
monly used agents include cyclophosphamide, dox-
orubicin hydrochloride, vincristine sulfate, metho-
trexate, and lomustine. The role of surgery in the
treatment of SCC of the larynx is still controversial.
The first reports indicate that surgery alone is in-
adequate. Surgical therapy may be used initially in
localized SCC of the larynx as part of a multidisci-
plinary therapy including chemotherapy and radio-
therapy. But total laryngectomy is not justifiable if
a form of treatment that preserves the voice and im-
proves the clinical course is possible. Radiotherapy
alone has been used successfully to control limited
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neoplasm. However, in consideration of the early
widespread dissemination, intensive systemic che-
motherapy is usually indicated. Some patients may
already have disseminated tumor at the time of the
diagnosis, and in such cases a course of multiagent
chemotherapy is warranted. Sometimes the disease
is only apparently localized, and therefore the le-
sion should be treated aggressively. Only rigorous
staging procedures can reveal the extent of the tu-
mor. Occult metastases may be present, and it is ad-
visable to avoid primary unimodality therapies,
such as radiotherapy or surgery alone.

These observations support the view that a com-
bination of multichemotherapy and radiotherapy is
effective in some cases of laryngeal SCC and seems to

offer the best results. The survival of patients treated
in this way may be significantly improved, and some
patients can even be cured (cases 4, 5, and 8). Three
of our patients are clinically disease-free (7 years, 3
months; 6 years, 6 months; and 6 years, 1 month
after diagnosis). But long-term survival (greater
than 5 years) is restricted to stage I (cases 4 and 5)
and stage II (case 8) patients. Although local treat-
ment, whether surgery, radiotherapy, or both, can
occasionally give long-term survival,'**! the possi-
bility of occult metastases makes the use of systemic
chemotherapy in the initial treatment advisable.

Metastases to the CNS are rare in SCC of the larynx
(Fig 4C) and occur as a preterminal event. The use
of prophylactic cranial irradiation is not indicated.
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In the past decade many of the techniques of cell biology developed in the research laboratory have been applied to tissue diagnosis.
Increasing use of electron microscopy has allowed ready differentiation of many neoplasms with an identical appearance under the light
microscope. The identification of highly specific antigenic substances in individual cells using monoclonal antibodies in the immunoperox-
idase technique has allowed a degree of diagnostic accuracy not previously available in tissue diagnosis. Recent efforts have been directed
at more accurately predicting biological behavior on the basis of cellular characteristics. Techniques being introduced include mor-
phometry (computer-assisted image analysis), cytophotometry (measurement of cellular DNA content), flow cytometry (analysis of cells in
suspension for DNA content and other physical and chemical properties), scanning electron microscopy, and cytogenetics (the study of

cellular chromosomes).

KEY WORDS — cytogenetics, cytophotometry, flow cytometry, immunoperoxidase, monoclonal antibodies, scanning electron

microscopy.

The biomedical research of today will determine
medical practice tomorrow. This dictum is particu-
larly applicable to the laboratory techniques being
used to establish tissue diagnoses and predict biolog-
ical behavior in human cancer.

In the past decade many of the techniques of cell
biology developed in the research laboratory have
been applied to tissue diagnosis. While the exami-
nation of routine histologic sections by the light mi-
croscope remains the mainstay of tissue diagnosis, a
number of innovative techniques have been devel-
oped that allow us to go beyond what can be ac-
complished by examining routinely stained histo-
logic sections. While some of these techniques have
come into widespread use, they have in no way sup-
planted the paraffin-embedded tissue section
stained with hematoxylin and eosin; “microscopic
examination of tissue continues to be the sole man-
ner in which the unequivocal diagnosis of cancer is
made.”!

TUMOR DIAGNOSIS

Many of the techniques currently being applied
in tumor diagnosis are designed to provide a more
precise and accurate histologic diagnosis. The in-
creasing importance of these techniques has been
stimulated by the development of new and specific
treatment modalities that are effective only when
applied to specific neoplasms. Such techniques,
especially those using monoclonal antibodies, in-
clude electron microscopy and immunohistochemis-
try.

Electron Microscopy. The technique of electron
microscopy has been available for more than 20
years. The greater magnification provided by this in-
strument allows ready differentiation of most small
cell tumors occurring in the head and neck areas.

Malignant lymphomas, anaplastic carcinomas, es-
thesioneuroblastomas, malignant melanomas, pi-
tuitary tumors, and some inflammatory lesions may
be “look-alikes” by the light microscope, but can
usually be readily distinguished by the electron mi-
croscope.

Immunoperoxidase Technique. The development
of the immunoperoxidase technique and its increas-
ingly widespread use in laboratory diagnosis con-
stitutes one of the most significant and fundamental
new tools in medicine.? The ability to identify high-
ly specific antigenic substances in individual cells
has allowed the ready differentiation of epithelial
cells (keratin producing) from mesenchymal cells
(vimentin producing) and from cells of the lymph-
oid series (producing specific immunoglobulins).

Antisera Identification. Increasing use is being
made of specific antisera to identify tumors of neu-
rogenic origin, thyroid origin, parathyroid origin,
prostatic origin, and colonic origin. Antigenic pro-
files produced by combining the results of specific
antisera have been developed for tumors originating
in the kidney, liver, lung, salivary gland, testis, and
ovary.

Monoclonal Antibodies. The current classifica-
tion of non-Hodgkin’s malignant lymphomas rests
very heavily on the identification of specific protein
substances within the neoplastic cells. The produc-
tion of monoclonal antibodies against these and
literally hundreds of other specific substances using
the hybridoma technique in mouse myeloma cells
has opened the door to a new era of specificity in
diagnostic medicine.

Tissue Removal. It is no longer acceptable for a
surgeon faced with a young patient with an en-
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larged cervical lymph node to simply remove it,
drop it into a bottle of formalin, and send it off to
the pathology department for diagnosis. It is not ne-
cessary to have an electron microscope at your el-
bow or a whole battery of trained technologists and
expensive antisera in order to take advantage of
these and other techniques. What is required is a lit-
tle forethought and clinical judgment regarding the
proper harvesting of tissue. This judgment will be
based on the clinical history, which the surgeon
must provide in detail to the pathologist in order for
the tissue to be handled appropriately in the lab-
oratory. In order for many of these techniques to be
performed satisfactorily, the specimen must be sub-
mitted to the pathologist in the fresh, rather than
the fixed, state. For optimum results, the specimen
should be provided as soon as possible after removal
from the patient. A tiny snippet of tissue placed in
fixative for electron microscopy, a small portion of
a biopsy fixed in alcohol rather than formalin, or a
small piece of tissue snap-frozen in liquid nitrogen
may be all that is required to provide sophisticated
diagnoses to patients in areas remote from universi-
ty teaching centers.

PREDICTING BIOLOGICAL BEHAVIOR

Other techniques are currently being applied in
tissue diagnosis that are designed to more accurate-
ly predict the biological behavior of the lesion being
sampled. Early classifications of tumors into well-
differentiated or poorly differentiated groups relied
upon subjective evaluation and were found to be of
limited value in predicting prognosis. Analysis of
multiple histologic parameters has been suggested
to correlate better with prognosis,®* but the tech-
nique has proved cumbersome and is not in wide-
spread use.

Morphometry. Major efforts in recent years have
been directed at using objective measurements of
tumor cells to predict prognosis. Using computer-
assisted image analysis, objective measurements of

cell components can be used to accurately predict
the metastasizing potential of certain tumors.® This
technique, referred to as morphometry, is particu-
larly of value in lesions of borderline malignancy.

Cytophotometry. Measurement of cellular DNA
using the technique of cytophotometry is proving to
have predictive value in premalignant atypias.® The
presence of cells having hypertetraploid amounts of
DNA seems to be of particular prognostic signifi-
cance.

Flow Cytometry. Quantitation of DNA content
and measurements of a variety of other physical and
biochemical properties of cells in suspension can
now be readily accomplished using a flow cytome-
ter. These instruments can also be used to separate
different populations of cells in suspension, a pro-
cess referred to as cell sorting. Labeling cells with
specific antisera and fluorescent dyes allows rapid
and accurate diagnosis of malignant lymphomas
and a variety of other neoplasms.’

Scanning Electron Microscopy. Study of biopsy
specimens from surface epithelium with the scan-
ning electron microscope also may provide useful
information regarding the likelihood of future de-
velopment of invasive carcinoma in the larynx.®
Similar data is accumulating with reference to tran-
sitional cell carcinoma of the bladder (E. de Harv-
en, personal communication).

Cytogenetics. The study of cellular chromosomes
designed to demonstrate abnormal karyotypes, cy-
togenetics, has now been used to study malignant
tumors from a variety of sites and has demonstrated
a close relationship between aggressive biological
behavior and abnormal karyotype.®

In conclusion, we appear to be on the threshold
of a technological explosion, applying techniques of
cell biology to human disease, that is likely to
dramatically enhance our understanding of disease
mechanisms and will rapidly revolutionize the man-
ner in which we diagnose and treat our patients.
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DEMONSTRATION OF HUMAN PAPILLOMAVIRUS CAPSID ANTIGEN
IN CARCINOMA IN SITU OF THE LARYNX
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We have undertaken a retrospective study to investigate the role of human papillomavirus (HPV) in the development of laryngeal car-
cinoma in situ (CIS). Sixty paraffin-embedded tissue specimens, collected from 20 patients with a history of laryngeal CIS, were examined
for the presence of HPV capsid antigen. All but four individuals were men, with an average age at diagnosis of 64 years. An immunoperox-
idase technique showed that 20 specimens from 14 patients contained detectable HPV capsid antigen. An independent evaluation for
histopathologic features characteristic of HPV infection identified viral changes in the 14 patients as well as an additional two. No correla-
tion was found between clinical course, as determined by histologic severity of vocal cord lesions, and presence of HPV. These results sug-
gest that HPV should be considered an etiologic agent in the development of laryngeal CIS.

KEY WORDS — carcinoma in situ, human papillomavirus, immunoperoxidase assay, laryngeal carcinoma, viral histopathology.

INTRODUCTION

Carcinoma in situ (CIS) of the larynx is an epithe-
lial disorder which, in a certain fraction of cases, de-
velops into invasive glottic cancer. Histologically, the
normal structure of squamous epithelium is replaced
by malignant cells that do not invade beyond the
basement membrane.' Lesser degrees of atypia are
also recognized as having malignant potential.?-*®
Because of these potential risks, a wide range of
treatment options have been advocated including
local excision, laryngofissure with cordectomy, ra-
diotherapy, and even total laryngectomy. The re-
striction of the lesion to the epithelium implies that
endoscopic excisional biopsy could be a curative
procedure as demonstrated by Miller and Fisher®’
and DeSanto.® Autopsy studies by Auerbach et al’
and Muller and Krohn'® comparing reformed and
active smokers indicate that most cases of CIS are
reversible upon cessation of tobacco abuse. Other
environmental risk factors include alcohol abuse,
infectious agents, voice abuse, vitamin A deficiency,
and exposure to various industrial irritants.!* A sur-
vey of the literature?*:¢#12:13 shows that in 479 pa-
tients, 6% had recurrence of CIS after attempted
curative treatment and 12% proceeded to invasive
cancer. In these series, the majority (80% to 90%)
of the patients are men in their fifth and sixth de-
cades of life.

Human papillomavirus (HPV) has been shown to
infect the respiratory tract.'*-!* Human papilloma-
virus infection of the genital tract is associated with
the development of malignant lesions,'”-'® and the
presence of HPV capsid antigen has been reported
in 36% of laryngeal squamous cell carcinomas.*®

Stimulated by the clinical, pathologic, and biologi-
cal similarities of laryngeal and cervical dysplasias,
we have undertaken a retrospective study to deter-
mine HPV association with laryngeal CIS. Using an
immunoperoxidase technique, we have detected
HPV capsid antigen in paraffin-embedded sections
of laryngeal biopsy specimens in 14 of 20 patients
with a history of laryngeal CIS. Although there ap-
pears to be no correlation between the clinical
course of disease and the presence of HPV, these re-
sults suggest a viral role in the development of la-
ryngeal CIS.

MATERIALS AND METHODS

The records of the Johns Hopkins Hospital Tumor
Registry were reviewed for the years 1970 to 1983 to
identify individuals with laryngeal CIS. Twenty in-
dividuals were selected for this study on the basis of
having had repeated endoscopic excisions and hav-
ing relevant clinical data and paraffin-embedded
tissue specimens available.

Case Analysis. The following information was
tabulated: age at diagnosis of CIS; histology of bi-
opsy specimens removed before and after diagnosis
of CIS, treatment, and outcome; sex, race, smok-
ing, and alcohol consumption history; history of ir-
radiation; and occurrence of synchronous benign
and malignant tumors. The clinical course of each
case was classified as progression when histologic
severity of vocal cord lesions increased at succeed-
ing operations, improvement when histologic sever-
ity decreased at succeeding operations, and no
change when the histologic diagnosis demonstrated
neither clear-cut progression nor improvement.
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TABLE 1. PRESENCE OF HPV CAPSID ANTIGEN IN 20
PATIENTS WITH CIS

Follow-Up HPV

Pt No. of Duration Clinical No. of  Antigen
No. Operations (yr) Course  Specimens +
1 2 5 I 2 0
2 3 2 I 6 0
3 3 4 I 2 2
4 3 6 N 5 1
5 3 3 I 3 2
6 3 2 I 4 1
i 1 3 N 1 0
8 8 6 I 4 2
9 5 2 N 6 3
10 2 7f I 1 1
11 5 6 N 4 il
12 2 1 I 2 1
13 4 3 N il 0
14 8 1104 2 4 Il
15 2 4 N 2 0
16 2 4 I 2 1
17 o) 9 N % 2
18 3 1 I 2 1
19 2 T P 3 1
20 5 18 I 4 0

I — improved, N — no change, P — progressed.

Histologic Examination. Formalin-fixed laryngeal
biopsy specimens previously had been routinely pro-
cessed and stained with hematoxylin and eosin. For
most patients, two to five tissue samples were avail-
able, representing biopsies from different anatomic
sites or from different endoscopic operations. Speci-
mens were assessed both for the presence of histologic
changes associated with HPV infection and intra-
epithelial neoplasia. The intraepithelial neoplasia
was graded as mild, moderate, or marked atypia,
and in its most severe state, CIS. The grading of
atypia was based on increasing degrees of cytologic
atypia, mitoses, and dysmaturation of the squa-
mous epithelium.

- Viral changes associated with HPV infection of the
uterine cervix have been well described and consist of
the following histologic characteristics: hyperkerato-
sis, dyskeratosis, parakeratosis, acanthosis, koilocy-
tosis, and multinucleation.?® The presence of koilocy-
tosis, defined as a cell with cytoplasmic vacuoliza-
tion and a pyknotic irregular nucleus, was required
for the diagnosis of viral change. The associated his-
tologic characteristics were required to be present,
and designation of viral change was not made with-
out koilocytosis.

Detection of HPV Capsid Antigen. The presence
and distribution of HPV capsid antigen in 4-um thick
paraffin sections were determined using the avidin-
biotin modification of the immunoperoxidase tech-
nique as previously described.!* Primary rabbit anti-
body (Accurate Chemical, Westbury, NY) generated
against detergent-disrupted bovine papillomavirus
particles cross-reacts with genus-specific antigens of
all papillomaviruses.?’ Brown nuclear staining of
cells was scored as positive for viral antigen. Sec-

tions were stained with nonimmune rabbit serum or
antihuman keratin rabbit serum (Accurate Chemi-
cal) as controls. Additional negative controls were
biopsy specimens from 12 cases of benign laryngeal
nodules stained with antipapillomavirus antibodies
and evaluated in an identical manner.

RESULTS

Case Analysis. Twenty patients with biopsy-proven
CIS formed the study group. All but four individuals
were men. The mean age at diagnosis was 64, with
an age range of 42 to 77 years. All but one patient
(Table 1, patient 18) smoked tobacco, with nine in-
dividuals ceasing consumption at least 2 years be-
fore the initial laryngeal biopsy. Alcohol usage was
variable, with seven patients imbibing a minimum
of two drinks daily and two (patients 18 and 1) re-
fraining from alcohol intake. Six individuals re-
ported occasional usage, and no information was
available for the remaining five cases. Patient 18
was a woman, a nondrinker, a nonsmoker, the
youngest member of the group, and was anergic
when intradermally tested with mumps, Candida,
and Trichophyton antigens. Occupational or envi-
ronmental exposure to carcinogens was rarely re-
corded in medical records. Though none had radio-
therapy prior to the initial biopsy, four patients re-
ceived a therapeutic course after diagnosis of in situ
malignancy. It was employed after two in situ spec-
imens had been removed in cases 4 and 19 and one
biopsy in cases 7 and 8. Three of these individuals
remained disease free, and patient 19 developed in-
vasive carcinoma that was successfully managed en-
doscopically. Three patients had synchronous or
metachronous malignancies. Patient 13 had chronic
lymphocytic leukemia, and patient 19 developed
fatal squamous cell carcinoma of the lung 4 years
after diagnosis of his laryngeal disease. Patient 19
had unilateral breast carcinoma, CIS of the right
soft palate and left anterior tonsil, as well as infil-
trating squamous cell cancer of the hard palate, all
at the time of her initial laryngoscopy. Later a sec-
ond CIS of the true cord and a left base of tongue
neoplasm were identified; all of the aerodigestive
tract lesions were managed by excision.

The study group was selected on the basis of hav-
ing had repeated endoscopic excisions with biopsy
material available for examination. For each of the
20 patients, information on clinical course of dis-
ease, including number of operations, length of ob-
servation, and outcome of disease (ie, improve-
ment, no change, or progression), which was deter-
mined by criteria described in Materials and Meth-
ods, is given in Table 1. Follow-up ranged from 1 to
13 years, during which time one to eight endoscopic
operations (average of five) were performed. Eleven
patients were considered to have improved, two
progressed, and seven showed no change in histo-
pathologic severity of vocal cord lesions.
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Immunoperoxidase staining for
HPYV capsid antigen showing posi-
tive nuclear staining near epitheli-
al surface (arrows). A) Mild atypia
(methylene blue counter-stain,
original x450). Note koilocytotic
cells. B) Hyperplastic epithelium
without atypia (methylene :blue
stain, original x600).

The following two case summaries are given as
examples of clinical histories. Patient 11 had had
several months of hoarseness when he was examined
at the age of 63. His risk factors included a 95-pack
per year smoking history and occasional alcohol in-
take. A left true vocal cord biopsy was interpreted as
moderate atypia. A left cord biopsy 1 year later was
diagnosed as CIS. Two months later, reexamination
and biopsy showed marked atypia. He remained clin-
ically disease free until 31 months after his first car-
cinoma biopsy, when a biopsy of the left vocal cord
lesion revealed moderate dysplasia. A recurrent le-
sion 18 months later was diagnosed as CIS.

Patient 14, a 62-year-old smoker and occasional
alcohol user, presented with hoarseness. Left true
cord biopsy was interpreted as CIS. Subsequent bi-
opsies at 1, 21, and 27 months were all negative for
tumor with some hyperplasia observed. Nine years
after the initial biopsy, a left vocal cord biopsy was
diagnosed as CIS with focal microinvasion. Carci-
noma in situ with infiltrating squamous cell carci-
noma was found in specimens taken 2 and 3 months
later. However, a specimen removed 4 months later
was diagnosed as inflamed granulation tissue.
Overall clinical course was evaluated as progression

(Table 1).

Immunohistochemical Detection of HPV Capsid
Antigen. Paraffin-embedded tissue specimens col-
lected at endoscopic excisions for histopathologic
evaluation were examined for the presence of HPV
capsid antigen as described in Materials and Meth-
ods. The number of specimens examined for each
patient is given in Table 1 and ranged from one to
six, with an average of three. A specimen was scored

as positive when one or more nuclei stained positive,
provided the cell was reactive in a serial section and
not reactive when stained with nonimmune or anti-
keratin rabbit serum. Most of the specimens had
only a few antigen-containing cells (Figure, A).
Fourteen patients had at least one biopsy specimen
that contained viral capsid antigen; four had two
positive biopsy specimens; and one had three posi-
tive specimens (Table 1). There was no apparent
correlation of HPV positivity with any variable
identified in medical histories. Of the four patients
who received radiation therapy, patient 8 had two
HPV-positive samples, patients 4 and 19 had one
positive sample, and patient 7 had none. Three of
the patients remained disease free, and patient 19
developed infiltrating carcinoma. Of four speci-
mens examined for patient 11, whose case is out-
lined above, one specimen diagnosed as moderate
dysplasia was antigen-positive. Of the four tissue
samples examined from patient 14, the other index
case, one specimen diagnosed as CIS with focal mi-
croinvasion was HPV-positive.

Correlation of Histologic Diagnosis and HPV Cap-
sid Antigen. Of 60 tissue specimens tested, 20 had
detectable HPV capsid antigen (Table 2). Twelve
benign laryngeal nodules that were tested as nega-
tive controls did not give a positive reaction in the
immunoperoxidase assay and did not manifest the
histologic features described above as indicative of
an HPV infection. Fifteen sections were evaluated as
normal or hyperplastic epithelium without atypia,
and four of these were positive for HPV capsid anti-
gen (Figure, B). These results demonstrate HPV in-
fection in the respiratory tract that is not associated
with recurrent respiratory papillomatosis and sug-

TABLE 2. CORRELATION OF HISTOLOGIC DIAGNOSIS WITH HPV CAPSID ANTIGEN AND
PATHOLOGIC INDICATIONS OF HPV INFECTION

HPV Capsid HPV

Antigen + Histopathology + HPV Antigen
Histologic Diagnosis No. of Specimens No. % No. % and Histopathology +
Epithelial hyperplasia, no atypia 15 4 27 @ 0
Mild atypia T 2598 3 43 2
Moderate atypia 6 2 33 4 66 1
Marked atypia i 3F 43 HIET 2
Carcinoma in situ 25 9 36 11 44 5
Total specimens 60 20 33 23 38 10
Benign laryngeal nodules 12 0.0 0:50 0
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TABLE 3. CORRELATION OF HPV CAPSID ANTIGEN
WITH CLINICAL COURSE

No. of Pts  Improved No Change  Progressed
HPV + 14 8 4 2
HPV.— 6 3 3 0
Total 20 L il 2

Clinical course was determined by histologic evaluation of biopsy
specimens collected during follow-up period given in Table 1.

gest that this infection may be more widespread
than is currently recognized. Of the 20 tissue speci-
mens with mild to marked atypia, seven (35%)
were HPV-positive, and nine (36%) of the 25 CIS
specimens were antigen-positive. In these 16 posi-
tive specimens, nine had antigen-containing cells
adjacent to areas of atypia, but seven had antigen-
containing cells in areas of atypia that ranged from
mild (one specimen) to CIS (four specimens). The
positive nuclei tended to be superficial but in two
cases were distributed throughout the lesion.

Since only half of respiratory papillomata that
are shown to contain HPV DNA contain capsid an-
tigen,'* analyzing specimens for histologic features
characteristic of HPV infection including koilocyto-
sis and multinucleation, as described in Materials
and Methods, may provide better indication of viral
infection. Twenty-three specimens had histopatho-
logic features of HPV infection, with ten of these
showing capsid antigen (Table 2). Thirteen speci-
mens were histopathology-positive but viral antigen—
negative, with histologic diagnoses of mild atypia
(8%), moderate atypia (23%), marked atypia
(23%), or CIS (46%). Only two specimens (from
patients 1 and 15) had histopathologic features asso-
ciated with viral change without having antigen-
positive specimens. Of the ten specimens that were
antigen-positive but did not have histologic features
characteristic of viral changes, four were hyperplas-
tic epithelium, one was moderately atypical, one
was markedly atypical, and four were CIS.

Correlation of HPV Capsid Antigen with Clinical
Course. As shown in Table 3, there does not appear
to be a correlation between clinical course and pres-
ence of HPV infection. In 21% of patients, capsid
antigen was detected before the initial histologic di-
agnosis of CIS; in 43% antigen was: detected after
diagnosis of CIS, and in 36% at the same time.
These results suggest that replication of HPV in the
respiratory tract should be considered as a contrib-
uting factor in the development of laryngeal CIS.

DISCUSSION
We have detected the presence of HPV in biopsy

specimens from 14 of 20 patients with a history of
laryngeal CIS. This population appears to be repre-
sentative of laryngeal CIS patients in that it consists
predominantly of men in the sixth decade with a
history of smoking. There may, however, be a bias
because patients were also selected on the basis of
having had repeated endoscopic excisions on the
assumption that the continued presence of a virus
may be important in the development of CIS. The
number of HPV-positive patients may be underesti-
mated since only approximately half of respiratory
papillomata that are shown to contain HPV DNA
contain capsid antigen. '

Of the 60 tissue specimens examined, 20 were
HPV-positive, with five patients having at least two
positive specimens. In the uterine cervix, 50% of
dysplastic lesions were HPV antigen—positive com-
pared to 96 % positive for HPV DNA.?? Using histo-
pathologic features characteristic of HPV infection
may provide a better indication of viral presence.
Two additional patients had specimens with histo-
pathologic features associated with viral change
without having antigen-positive specimens. Analy-
sis of biopsy specimens for the presence of HPV
DNA is under way using more sensitive techniques
to determine more accurately the infection rate and
also to identify the type of HPV, since the malig-
nant potential of different types of HPV may vary.
For example, HPV type 6 is associated with benign
respiratory and genital tract lesions,?* and HPV
type 16 is found in malignant genital tract lesions?*
and laryngeal verrucous carcinoma.?*

An evaluation of the clinical course indicated that
11 patients improved, seven showed no change, and
two progressed to more advanced vocal cord dis-
ease. Although there appears to be no correlation
between clinical course and presence of HPV, the
follow-up may be too short (average of almost 5
years) and the number of cases too few to derive any
convincing conclusions. Nonetheless, the risk of
irradiating benign lesions and association of smok-
ing with malignant conversion in patients with re-
current respiratory papillomatosis is recognized.2¢
It is of interest that of four patients who received ra-
diotherapy, three had HPV-positive specimens and
one had HPV-positive specimens and developed in-
filtrating carcinoma.

These results suggest that HPV should be consid-
ered an etiologic agent in the development of laryn-
geal CIS. The precise role of HPV in epithelial dys-
plasia, whether cofactor, initiator, or promotor, re-
mains to be determined.

REFERENCES

1. Fisher HR. Centennial conference on laryngeal cancer. Al-
berti PW, Bryce DP, eds. New York: Appleton-Century Crofts,
1976:116-9.

2. Hellquist H, Lundgren J, Olofsson J. Hyperplasia, kerato-

sis, dysplasia and carcinoma in situ of the vocal cords — a follow-
up study. Clin Otolaryngol 1982; 7:11-27.

3. Gillis TM, Incze H, Strong MS, Vaughan CW, Simpson
GT. Natural history and management of keratosis, atypia, carci-
noma-in-situ and microinvasive cancer of the larynx. Am J Surg
1983; 146:512-6.

4. Putney F], O’Keefe J]. The clinical significance of keratosis



Kashima et al, HPV in Laryngeal Carcinoma In Situ 101

of the larynx as a premalignant lesion. Ann Otol Rhinol Laryngol
1953; 62:348-57.

5. McGavran MH, Bauer WC, Ogura JH. Isolated laryngeal
keratosis. Its relation to carcinoma of the larynx based on a clin-
icopathologic study of 87 consecutive cases with long-term follow-
up. Laryngoscope 1960; 70:932-51.

6. Miller AH, Fisher HR. Clues to the life history of carci-
noma in situ of the larynx. Laryngoscope 1971; 81:1475-80.

7. Fisher HR, Miller AH. Carcinoma in situ of the larynx: a
ten year study of its histopathological classification, prognosis and
treatment. Ann Otol Rhinol Laryngol 1958; 67:695-702.

8. DeSanto LW. Cancers of the larynx: glottic cancer. Surg
Clin North Am 1977; 57:611-70.

9. Auerbach O, Hammond EC, Garfinkel L. Histologic
changes in the larynx in relation to smoking habits. Cancer 1970;
25:92-104.

10. Muller KM, Krohn BR. Smoking habits and their relation-
ship to precancerous lesions of the larynx. ] Cancer Res Clin On-
col 1980; 96:211-7.

11. Baines L, Gnepp DR. Diseases of the larynx, hypopharynx
and esophagus. In: Baines L, ed. Surgical pathology of the head
and neck. New York: Marcel Dekker, Inc, 1985:141-203.

12. Doyle PJ, Flores AD. Treatment of carcinoma in situ of the
larynx. J Otolaryngol 1977; 6:363-7.

13. Holinger PH. Carcinoma in situ of the larynx [Editorial].
Arch Otolaryngol 1966; 83:303-4.

14. Mounts P, Shah KV, Kashima H. Viral etiology of juve-
nile- and adult-onset squamous papilloma of the larynx. Proc Natl
Acad Sci USA 1982; 79:5425-9.

15. Gissmann L, Diehl V, Schulz-Caulon HJ, zur Hausen H.
Molecular cloning and characterization of HPV DNA from a lar-
yngeal papilloma. J Virol 1982; 44:393-400.

16. Steinberg BM, Topp W, Schneider PS, Abramson A. La-
ryngeal papillomavirus infection during clinical remission. N
Engl ] Med 1983; 308:1261-4.

17. Fu YS, Reagan JW, Richard RM. Precursors of cervical
cancer. Cancer Surv 1983; 2:359-82.

18. Gissmann L. Papillomaviruses and their association with
cancer in animals and in man. Cancer Surv 1984; 3:161-81.

19. Syrjanen K, Syrjanen S, Pyrhonen S. Human papilloma-
virus antigens in lesions of laryngeal squamous cell carcinomas.
ORL ] Otorhinolaryngol Relat Spec 1982; 44:323-34.

20. Meisels A, Fortin R, Roy M. Condylomatous lesions of the
cervix. II. Cytologic, colposcopic and histopathologic study. Acta
Cytol (Baltimore) 1977; 21:379-90.

21. Jenson AB, Rosenthal JR, Olson C, Pass F, Lancaster W,
Shah KV. Immunological relatedness of papillomaviruses from
different species. ] Natl Cancer Inst 1980; 64:495-500.

22. Kadish AS, Burk RD, Kress Y, Calderin S, Romney SL.
HPV of different types in precancerous lesions of the uterine cer-
vix: histologic, immunocytochemical and ultrastructural studies.
Hum Pathol 1986; 17:384-92.

23. Mounts P, Wu T-C, Leventhal B, et al. Analysis of HPV
type 6 in the respiratory and genital tracts during interferon ther-
apy. Papillomaviruses: molecular and clinical aspects. UCLA
Symp Mol Cell Biol 1985; 32:137-54.

24. Durst M, Gissmann L, Ikenberg H, zur Hausen H. A pap-
illomavirus DNA from a cervical carcinoma and its prevalence in
cancer biopsies from different geographic regions. Proc Natl Acad
Sci USA 1983; 60:3812-5.

25. Abramson AL, Brandsma J, Steinberg B, Winkler B. Ver-
rucous carcinoma of the larynx: possible HPV etiology. Arch Oto-
laryngol 1985; 111:709-15.

26. Mounts P, Shah KV. Respiratory papillomatosis: etiolog-
ical relation to genital tract papillomaviruses. Prog Med Virol
1984; 29:90-114.



ESTROGEN RECEPTOR IN THE LARYNX OF THE AGED BABOON
(PAPIO CYNOCEPHALUS)
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Using autoradiographic techniques, tritiated estrogen-receptor complex intranuclear labeling was identified in certain laryngeal
tissues of four aged female baboons; no complex labeling was found in the control animal. Three significant findings were felt to be derived
from this study. One, surface epithelium of the larynx had essentially no estrogen-receptor activity. Two, all tissues of mesenchymal origin,
especially lamina propria, muscle, dense connective tissue, and fat had consistently high levels of nuclear localization of the labeled
estrogen. The binding affinity seemed to be the highest at the anterior commissure and the immediate anterior subglottic space. Three,
there was a high level of receptor binding in laryngeal cartilage and perichondrium. Since the activated hormone-receptor complex
modulates gene expression to alter the amount of mRNA, sex steroids have a direct regulatory effect upon the target cell and, perhaps
through an induction process, can exert an indirect effect upon adjacent tissues. It is postulated that since the larynx is a sexually dimorphic
organ, the sex steroids and their receptors may play a role in altered phonation during aging and possibly in the development of laryngeal
neoplasms and other diseases. Therefore, hormonal manipulation may play a future role in the therapy of laryngeal diseases. This study
represents the first demonstration of estrogen receptors by specific anatomic location in the primate larynx with significant localization in

the mesenchymal tissues but not in the epithelial tissues.

KEY WORDS — estrogen-receptor complex, nuclear localization, primate larynx.

INTRODUCTION

Substantial evidence is being accumulated to in-
dicate the importance of steroid hormone receptor
levels in normal and diseased tissues. These steroid
hormone receptors, which have a high affinity
binding for specific sex steroids, are thermolabile
proteins found in the soluble component of the cell
or loosely bound to the nuclear matrix. In those tar-
get cells that are sensitive to the regulatory action of
sex steroids, the complex formed by the binding of
the sex steroid and the receptor protein has a regula-
tory effect on certain biochemical functions of the
cell. Upon binding the sex steroid, the steroid-re-
ceptor complex is transformed in some yet unknown
way such that it possesses a high affinity for the
chromatin.! The transformed steroid-receptor com-
plex then interacts with the chromatin to modulate
gene transcription.? Thus, RNA synthesis is either
stimulated or inhibited, depending upon the specific
target cell and the hormone. The newly synthesized
messenger RNA undergoes processing and transpor-
tation into the cytoplasm where it is translated into
protein, and ultimately this protein is secreted or re-
mains in the cell to modify cellular activity.

Because of their ability to effect expression of tar-
get cell and tissue capabilities, the sex steroid hor-
mones play an important role in the differentiation
and development of target tissues directly, and in
the induction of adjacent tissue growth indirectly.
Steroids and their receptors have been shown to

modify not only the development of the reproduc-
tive system but also the immune system. The clinical
significance of these findings has directly affected
the therapy of breast cancer, as approximately 50 %
of human breast cancers that contain estrogen re-
ceptors will respond to additive or ablative forms of
endocrine therapy. Recent attempts have been
made to quantify the estradiol receptors in normal
and diseased tissues of the face, head, and neck, and
to postulate the role of sex hormones in the develop-
ment and/or progression of neoplasms.®> However,
prior to clinical trials making use of this preliminary
data, it is important to characterize further the lo-

cation of sex steroid receptors in the normal tissues
of the head and neck.

The larynx was chosen as the initial site of investi-
gation for sex steroid receptor studies because of its
unique developmental and aging sexual dimor-
phism. Aside from the organs associated with repro-
duction, the larynx appears to be the most respon-
sive to circulating steroid levels of any other organ
in the body. Males undergo radical changes in the
structure, morphology, and physiologic function of
the larynx during puberty — the induction process
of these changes is undoubtedly under control of the
sex hormones. The second major change in la-
ryngeal function in men occurs in senescence when
alterations of vocal function include weakness,
pitch variability, and decreased phonation/time
ratio.* However, vocal function diminishment with
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aging is not confined solely to men, as Charlip® and
McGlove and Hollien® have found decreased pitch
variability in older female patients.

The baboon (Papio cynocephalus) was chosen as a
model for the sex steroid receptor studies because of
its phylogenetic proximity to humans and because
of the excellent histologic and autoradiographic evi-
dence of receptor sites in previous studies on a wide
variety of tissue sites, including the cardiovascular
system,’ esophagus,® and brain stem.® An earlier
pilot study in identifying sex steroid receptors in the
larynx of young baboons*® furnished valuable nor-
mative and descriptive data upon which to postu-
late the possible alterations in sex steroid receptor
quantity, location, and function that might occur
with the aging process. This study used female ba-
boons injected with estrogen as the first arm of a
four-part study using both female and male aged
baboons injected with estrogen or testosterone.
Since both estrogen and androgen are present in
males and females, it was felt important to use the
four-part study to determine whether any differ-
ences exist in receptor sites and levels. Hormone
levels change with the aging process in both men
and women.

The autoradiographic technique allows the iden-
tification of the cell types and the semiquantifica-
tion of the labeled hormone-receptor complexes,
which were taken up and retained by the nucleus,
thus indicating a biologically active receptor bind-
ing process. This investigation identified the intra-
nuclear receptor binding of labeled estrogen in aged
female baboons to better understand the possible ef-
fects of aging on receptor number and location in
the larynx. If estrogen receptors are found in re-
gions of the larynx associated with the dimorphic
development and differentiation of that structure,
then a cellular basis for the anatomic and physiolog-
ic differences between sexes could be postulated.

METHODS AND MATERIALS

Subjects. For this experiment, five aged female
baboons were used. In a previous pilot study, five
young male baboons had been studied to obtain
baseline data. Future experiments will address es-
trogens in aged male baboons. Forty-eight hours be-
fore the injection of tritiated estrogen and autopsy,
both ovaries and both adrenal glands were removed
under ketamine and halothane anesthesia, using the
aseptic technique. Castration and adrenalectomy eli-
minated endogenous steroids and maximized bind-
ing of tritiated hormone. Shortly after the opera-
tion, each animal was given 100 mg of prednisolone
sodium succinate.

We waited 48 hours after adrenalectomy and cas-
tration to inject the animals with *H-estrogen for
two reasons. First, the animals were injected with
the prednisolone sodium succinate to assist the ani-

mals’ recovery from the trauma of surgery. We
wished to avoid any possible interaction between
the huge quantity of corticoid and the estrogen re-
ceptors. The second reason is that nuclear retention
of bound estradiol has been shown to occur as much
as 24 hours after the ingestion of *H-estradiol; thus,
48 hours was chosen as a safe time frame. It is also
important that the long-term half-life (eg, beyond 6
hours) of tissue-bound estrogen may be as much as
12 to 18 hours.

Administration of Labeled Hormone. On the day
of autopsy, 1 ug/kg of body weight of [2,4,6,7-°H]
estradiol 1738 (*H-E2), 103 Ci/mmol, was injected
into a femoral vein of each animal. Four aged
female baboons received only the labeled estrogen,
while one aged female baboon, serving as the con-
trol, received both the labeled estrogen as well as
100 pg/kg of body weight of unlabeled estrogen.

The control baboon served two functions. First,
any inhibition with unlabeled estrogen could demon-
strate that the uptake of estrogen is of limited capaci-
ty. Second, it allowed the elimination of positive
chemical artifacts. Thus, localization in the nucleus
seen after the injection of both unlabeled estradiol
and *H-estradiol would be considered artifact.

One hour after injection, the animal was placed
under ketamine anesthesia and rapidly was exsan-
guinated through a femoral venous catheter. The
vascular system was perfused with approximately 3
L of chilled Ringer’s solution through a femoral ar-
terial catheter. As the animal was exsanguinated
and perfused, the body was also packed in ice to ac-
celerate chilling. Following clearing of the perfu-
sate, the body was dissected for tissue specimens.
Tissue was taken from all major organ systems and
prepared for sex steroid receptor identification to
enable collaborating studies to be performed.

Tissue Dissection. The entire head and neck region
was dissected free of the body at the level of the mid-
trachea. The larynx was isolated by a laryngectomy-
type procedure and split sharply down the midline
posteriorly to expose the laryngeal and tracheal lu-
mens (Fig 1). Following a standardized, detailed
format, specimens were taken from all the regions
of the larynx including epiglottis, aryepiglottic fold,
false cord, true vocal cord (Fig 2), anterior commis-
sure, arytenoid cartilage, vocalis muscle, interary-
tenoid muscle, posterior and lateral cricoarytenoid
muscles, cricothyroid muscle, recurrent laryngeal
nerve, and trachea. The specimens included surface
epithelium and all subjacent tissues down to and in-
cluding perichondrium and cartilage. Simultaneous
studies were also performed on the brain; cutaneous,
periodontal, and salivary tissues; the remaining
aerodigestive tract; and the cardiovascular system.

Sample Preparation. The samples were labeled,
classified, mounted on brass tissue mounts coated
with minced liver, frozen in liquified propane, and
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Fig 1. Representative laryngeal specimen. (Reprinted with
permission. '°)

stored in liquid nitrogen. Autoradiographs were pre-
pared by cutting 4-um thick sections of the frozen
tissues at —35°C using a Harris wide range cryo-
stat. These were then mounted on slides coated with
Kodak NTB-2 nuclear tract emulsion and stored at
—15°C for exposure. After 3 months of exposure,
the tissues were processed photographically, stained
with hematoxylin and eosin, and examined micro-
scopically for the location and degree of nuclear
concentration of reduced silver grains, which are
indicative of a steroid-receptor complex.!*-1?

Hormone-Receptor Binding Identification. Only
cells with nuclear concentrations of silver grains in
excess of three times that of the surrounding cyto-
plasm or extracellular space were considered recep-
tor positive.

Where tissues were sufficiently abundant and
homogeneous, such as for muscle sites, counts of the
number of labeled nuclei per 0.06 mm? at 400x were
performed. For smaller areas, labeling was roughly
quantitated according to total percent of cells la-
beled per high-power field, as follows: 0, 1+ (0%
to 25%), 2+ (25% to 50%), 3+ (50% to 75%),
and 4+ (75% to 100%). Nonuniform structures or
very small structures were scored only as receptor
present or absent.

RESULTS

Many sites of nuclear localization of tritiated es-
tradiol (*H-E2) were identified in the laryngeal areas
studied (Table). The most conspicuous uptake was
in mesenchymal tissues, which in some areas had
uptake and retention of the labeled hormone in al-

Fig 2. Photomicrograph of. cross section of representative
false vocal cord (top) and true vocal cord (bottom) with in-
terposed ventricle, providing general orientation to some
of areas processed for study (H & E, original x3). (Re-
printed with permission.'?)

most 100% of the nuclei. Conversely, surface epi-
thelium, whether stratified squamous or pseudo-
stratified ciliated columnar, was completely devoid
of receptor positive cells in all areas sampled.

Beyond these two major observations, three gen-
eral specific patterns of labeling were apparent:
1) some areas consistently labeled from site to site
within the same animal as well as from animal to
animal; 2) other sites consistently failed to demon-
strate any uptake of the tritiated hormone, and
3) some tissues showed uptake of *H-Ez that was
quite variable within the same animal, as well as
among different animals.

EXTENT OF ESTRADIOL-RECEPTOR COMPLEX
INTRANUCLEAR LABELING IN TISSUES OF FOUR
AGED FEMALE BABOONS

Extent of

Site Nuclear Labeling
Cartilage and perichondrium 4+
Dense collagen, area of vocalis muscle and

anterior commissure 4+
Laryngeal muscles 3+
Lamina propria, area of vocalis muscle and

anterior commissure 3+
Adipose tissue 1+
Minor salivary glands 1+ =
Endothelial cells 1I+*
Fine motor nerves ] o
Surface epithelium 0
Chronic inflammatory cells 0

1+ — 0% to 25% cells labeled, 3+ — 50 % to 75 % cells labeled, 4+ —
75% to 100% cells labeled.

*Inconsistent labeling.
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Fig 3. Photomicrograph of epiglottic cartilage showing in-
tense nuclear labeling of both cells in perichondrium (left)
as well as chondrocytes (right) (H & E, original x60).

Consistently Labeled Tissues. The most conspicu-
ous finding, aside from the epithelial/mesenchymal
dichotomy, was the consistent and heavy uptake of
SH-E2 by perichondrium and cartilage in all
laryngeal sections taken where cartilage was pres-
ent (Fig 3). This was true for each site in a particu-

lar animal, as well as in different animals. Thus, no
laryngeal site with a cartilaginous component in
any animal failed to show labeling of less than 75%
to 100% of cells present. It should be noted that
central zones of cartilage did not label, probably as
a consequence of a diffusion gradient across the car-
tilaginous matrix.

More specifically, labeled cartilage was present
in sections from epiglottis, arytenoids, trachea, an-
terior commissure, cricoid, thyroid, false cord, and
subglottic mucoperiosteum. Thus the laryngeal car-
tilage, whether elastic or hyaline, and its perichon-
drium appear extremely rich in receptor binding
protein for Es.

Condensed or dense collagenous mesenchymal tis-
sues surrounding or investing the laryngeal muscu-
lature were also very rich in receptors. This was best
demonstrated in samples from around the vocalis
muscle (Fig 4A), as well as the anterior commissure,
where as many as 70 nuclei/0.06 mm? were labeled.
This is contrasted to similar areas of vocalis muscle
from the control animal that showed no localization
of silver granules over nuclei (Fig 4B).

Muscle bundles were also consistently labeled but
to a much lesser extent. Uptake appeared slightly
greater in nuclei located in the interstitium between
bundles than in sarcolemmal nuclei. While the de-
gree of nuclear labeling varied from animal to ani-
mal and from muscle to muscle within the same ani-
mal, all contained nuclei labeled with *H-E2. The
vocalis muscle contained the greatest number of re-
ceptors of any laryngeal muscle studied (Fig 4C).

Fig 4. Photomicrographs of vocalis muscle and investing connective tissue (H & E, original x400). A) Experimental animal. Heavy
labeling of nuclei in perivocalis mesenchymal tissues (top half) is shown. Muscle bundles may be seen at lower right. B) Control ani-
mal. Note absence of nuclear uptake in investing connective tissues at left or muscle bundles at right. C) Experimental animal. Nu-
clear uptake of *H-E2 is shown.
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The lamina propria subjacent to epithelial sur-
faces also contained labeled cells; however, uptake
was quite variable from site to site. The lamina pro-
pria of the vocalis muscle in the area of the anterior
commissure and subglottic mucoperiosteum was the
site of greatest uptake, with as many as 34 nuclei/
0.06 mm? being labeled in some fields.

Adipose tissue, while quite variable in degree of
labeling, was also consistently positive for receptors
in each site and animal studied. Uptake in a test ani-
mal (Fig 5A) was compared with similar adipose tis-
sue without uptake in the control animal (Fig 5B).

Consistently Unlabeled Tissues. In no sections
where surface epithelium was present, either strati-
fied squamous or pseudostratified ciliated columnar,
was there evidence of nuclear uptake and retention
of *H-E2 (Fig 6). Likewise, chronic inflammatory
cells failed to show evidence of receptor binding.

Inconsistently Labeled Tissues. Nerve bundles and
vascular endothelium, as well as acinar and ductal
epithelium of mucous glands, showed considerable
intra-animal and interanimal variation in labeling.
Labeling occurred in very small nerves, and the nu-
clei of the small bundles coursing through the false
cord were most consistently positive. Larger nerve
bundles, particularly the recurrent laryngeal nerve,
failed to show any appreciable nuclear localization.
Perineural tissues, however, did contain a few posi-
tive cells.

Labeling of endothelial cells was quite variable,
as was labeling of minor salivary glands. Many of
these tissues were completely devoid of receptors,
while a few were positive. No consistent pattern ac-
cording to site was identified.

Fig 5. Sections of fat from area of
false cord (H & E, original x400).
A) Labeling of adipose nuclei. B)
Control animal. Note complete
absence of nuclear staining.

Control Animal Tissues. Parallel sections of each
site studied from the control animal were negative
for any steroid-receptor binding.

In summary, the principal and most consistent
uptake of labeled estrogen occurred in tissues of
mesenchymal origin. Epithelial tissues, with the ex-
ception of a few glands and ducts, were invariably
negative. The most striking uptake was in perichon-
drium and other chondroblastic and chondrocytic
zones of cartilage. Investing tissues of muscle groups
were the next most heavily labeled sites. Muscle
bundles proper and lamina propria, while contain-
ing scattered strongly positive cells, had quantita-
tively fewer positive cells per 0.06 mm?. Adipose tis-
sue was also mildly but consistently positive with
0% to 25% of nuclei labeled. Neural, endothelial,
and glandular epithelium revealed sporadic and in-
consistent labeling from site to site and animal to
animal. The findings in the vocalis samples are sim-
ilar to previous studies of this site in young male ba-
boons.*® However, preliminary analyses indicate a
lesser number of E2 receptors in the aged female lar-
ynx. Data from young females is unavailable as yet.
Current and ongoing studies are addressing the sites
of estrogen receptors in aged male baboons as phase
2 of the sex steroid receptor study.

DISCUSSION

The baboon was selected as a model for these la-
ryngeal receptor studies because of its phylogenetic
proximity, its similar organ size and structure, and
especially the close resemblance of the laryngeal
anatomy to humans. Earlier studies performed at
our institution have demonstrated the excellence of
the baboon as a model for cardiovascular and pulmo-
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Fig 6. Representative section of stratified squamous epithe-
lium from true cord of study animal receiving *H-E2 (H &
E, original x400). Note absence of nuclear uptake of triti-
ated hormone.

nary disease.” Previous experience has assisted in de-
veloping the autoradiographic techniques for iden-
tifying normative data for the location and extent of
sex steroid-receptor binding in the CNS and diges-
tive tract of the young baboon.®** We are fortunate
to have located within our university community
the Southwest Foundation for Research and Educa-
tion, which houses the largest baboon colony in
captivity, thus allowing us access to baboons of all
ages with complete medical histories and records.

The autoradiographic technique was chosen be-
cause of its specificity in identifying the localization
of the bound hormone-receptor complex within the
cellular nucleus, where it induces its regulatory ac-
tion on mRNA production. This appears to be the
most sensitive assay to accurately identify at the
cellular tissue level where binding occurs, as well as
enabling the investigator to quantify the relative
number of receptor complexes in the given tissue
field. Using precise histopathological control, con-
comitant changes in the histology or morphology of
the tissue can be compared to the semiquantitative
localization of the hormone-receptor complex in the
cellular structure. It appears that autoradiography
is more anatomically sensitive than the biochemical
assay method, which homogenizes the entire seg-
ment of tissue into a cytosol form, thus assaying the
total tissue receptor content without respect to the
histologic location of the receptor complexes. Re-
cently, immunochemical techniques have been de-
veloped to detect the receptor in the absence of
bound steroid by the preparation of antibodies to
the purified hormone-receptor complex.'* How-
ever, at the moment this technique is not amenable
to quantification.

There is ever increasing data in the literature to
support the possible role of sex steroid regulatory ef-
fects in the structure and function of the upper
aerodigestive tract. The larynx is a target organ for
gonadal steroids. In songbirds, syringeal tissues are
rich in androgen receptors.*® This structure is analo-

gous to the larynx in primates. The amount of sing-
ing is directly related to testosterone levels. Adult
female canaries respond to androgen therapy with
malelike song. Voice changes at puberty and ana-
tomic sexual dimorphism appear related to the on-
set of testicular androgen production. Additionally,
exogenous sex hormones have been shown to alter
vocal characteristics'® in patients with breast carci-
noma. In a recent study from the Federal Republic
of Germany, a direct correlation was shown be-
tween depth of voice and sex hormone levels in male
singers.'’

While Charlip® found no significant change in
the fundamental vocal frequency in women from
young adulthood to advancing age, his studies and
those of McGlove and Hollien® demonstrated a de-
creased pitch variability in the older woman. In
comparing their studies to observations in men in
whom there was a greater change in pitch variabili-
ty and decreased phonation/time ratio,* they postu-
lated that the anatomic changes in the female lar-
ynx with aging might not be the same as in the older
male larynx due to the latter’s extensive changes
during puberty. These changes may be due to al-
tered receptor function or content to the sex steroid
hormones, which change with aging.

Other changes in the morphology of the aging
neuromuscular tissues have a possible relationship
to the study of speech in the elderly. Kawamura et
al'®* demonstrated that the cell bodies of lower
motor neurons in spinal cord and cranial nerve nu-
clei show regressive structural changes and disap-
pear with age. In some muscles of patients 50 years
or older, Stalberg and Trontelj** found increased
“jitter” values during electromyographic testing,
implying postsynaptic receptor deficit. Striated mus-
cles may show a variety of regressive changes asso-
ciated with aging. Some are clearly the expression
of chronic partial denervation, while others seem to
be primary, and may reflect diffuse or biologic ag-
ing of the muscle itself.?° Following castration, the
levator ani muscle in the rat undergoes severe atro-
phy.?! As receptors for testosterone are known to be
present in motor neurons and muscle fibers, the ob-
served morphologic changes might be under the
control or regulation of testosterone.

Thus, a study of aged baboons given labeled sex
steroid hormone provides a model to gain informa-
tion about the tissue location and quantification of
receptor complexes. It may be possible to relate this
information about the steroid-receptor complexes to
the known pathoclinical states of decreased laryn-
geal function with aging. That is, this study pro-
vides cellular level identification of estrogen recep-
tors in the highly dimorphic muscular and connec-
tive tissue of the primate larynx as well as the carti-
laginous supporting structures. It is now possible to
state that the vocal characteristics of aging may be
associated with anatomic and physiologic changes
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in the musculoskeletal framework of the larynx that
are mediated by the action of sex steroid receptors
on their target tissues.

Another aspect of laryngeal function and struc-
ture in addition to vocal changes that must be con-
sidered is the increased incidence of neoplasia of the
larynx with advancing age. Although alcohol con-
sumption and smoking are clearly factors in the de-
velopment of laryngeal carcinoma, the roles of the
local tissue resistance to neoplasia and the compe-
tency of the immune system are felt to be contribu-
tory but not well understood. It is important to con-
sider that cancer of the larynx is far more common
in men than women, especially in view of the fact
that the larynx is a dimorphic organ. Urinary an-
drogen and estrogen excretion levels in men with
pachyderma laryngis and cancer of the larynx are
elevated in comparison to normal controls.?? Clini-
cal trials using cyproterone acetate, a potent anti-
androgen, in the treatment of laryngeal carcinoma
have been reported and are based in part on the evi-
dence that the larynx is a target organ for sex steroid
hormones.?® Since the extent and location of the sex
steroid receptors in the larynx had not been well
documented in the past, such therapy was consid-
ered premature and empirical. However, the data
in this experiment provide the basic science infor-
mation that could support the clinical trials of an-
tagonistic drugs to the sex steroids. Some inves-
tigators have demonstrated concentration of radio-
activity in mesenchymal cells of the larynx in fetal
mice after injection of *H-diethylstilbestrol, and as
a result, have postulated theoretical risk in both
males and females with in utero exposure to this
hormone.?*

Sex steroid hormones appear to exert numerous sig-
nificant and varied effects on their target tissue. These
range from induction of synthesis of only a few pep-
tides to control of cellular proliferation and/or death.?
There may be both receptor- and nonreceptor-me-
diated effects. The diversity of effects include stim-
ulation of collagen and protein synthesis, enhance-
ment of vascular reactivity, alteration of vascular
endothelial permeability, and prostaglandin synthe-
sis. Perhaps some of the most important effects are
on the immune system, where sex steroids have been
shown to have regulatory effects on antibody for-
mation and stem cell proliferation. In a study by
Eidinger and Garrett,? changes in sex steroid levels
exerted marked influence on immune responsive-
ness and stem cell differentiation by increasing the
number and differentiation of functional cells, as
well as by influencing antibody production. Others
have shown inhibition of leukocyte migration by
progesterone in rats*’ and suppression of human
lymphocyte transformation.?® It is also felt that es-
trogens may promote changes in connective tissues
that inhibit spread of bacteria and toxins.

The findings in this study are very interesting in

view of the consistency of labeled uptake in the nu-
clei of certain cell types and in the extent of uptake
certain tissues exhibited. The respiratory epithelium
of the larynx and trachea and the squamous epithe-
lium of the true vocal cords and epiglottis uniformly
showed no estrogen-receptor binding activity. This
finding corresponds well to a previous study in
young baboons' and to studies performed in other
animal species.?* This would tend to suggest that
whatever effect is exerted upon the epithelium by the
circulating sex hormones is not acting directly, but
rather indirectly, through induction of a regulatory
response by receptor active supporting structures.
This is typified in the male and female reproductive
tracts. Androgen- and estrogen-induced growth, mor-
phogenesis, and cytodifferentiation of epithelium are
controlled by the mesenchyma with which the epi-
thelium is associated.?® During this time the recep-
tors for both steroids are in the mesenchymal tissues
but not in the epithelial cells. Other nonsurface epi-
thelial structures such as salivary gland tissue did
have some labeled uptake, but can be considered to
be affected differently by sex hormones than the
surface epithelium.

The most consistent areas of receptor labeling
were found in the mesenchymal tissues of the larynx,
including the investing and supporting structures.
The strongest areas of uptake of labeled estrogen in-
cluded the lamina propria, the intrinsic and extrin-
sic laryngeal musculature, and the perichondrium
and its underlying cartilage. Of particular interest
was the very strong receptor labeling in the region
of the anterior commissure and the mucoperiosteum
of the immediate subglottic region. Mesenchymal
tissues play a critical role in embryonic morphogen-
esis of epithelium and may influence its functional
differentiation and programming. This suggests that
factors that affect mesenchymal tissues may in turn
influence epithelium. Since mesenchymal tissues in
the area of the larynx studied were rich in estrogen
receptors, critical levels or alterations in levels of sex
hormones could indirectly result in epithelial altera-
tions as they do in the developing reproductive
tract.?® The unopposed action of these hormones
might lead to altered morphogenesis and functional
differentiation of the epithelium with respect to the
development of laryngeal neoplasms. Studies in the
past, which attempted to demonstrate estrogen re-
ceptors in these laryngeal epithelial tumors, may
have assayed only the tumors’ epithelial components
and not the underlying mesenchymal tissues where
the receptors have been found to lie. An analogous
mechanism is suggested in the baboon prostate
where recent data show receptors to be present in
mesenchymal rather than epithelial tissues.*® While
the laryngeal muscles showed consistent uptake in
these aged female baboons, the labeling was con-
sistently less than that seen in normative data from
young male baboons that received either estrogen or
testosterone.’® This suggests that, at least with this
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Fig 7. Target tissue alteration due to sex steroid-receptor
complex mediation.

small sample of estrogen-labeled animals, there is a
diminution in the number or function of receptors
with age in a highly active tissue (muscle). Ex-
periments are planned to study aged male baboons
given *H-E2 to allow more precise comparisons.

Although not previously reported, the finding of
consistent and strongly labeled nuclear uptake in
the perichondrium and outer layers of the laryngeal
and tracheal cartilages is important, as it would in-
dicate that the supporting structures of the larynx
continue to contain functioning, active estrogen re-
ceptors, even in senescence. Since adequate laryn-
geal function requires a strong musculoskeletal sup-
porting system, alterations in cellular activity with
changing hormone levels could in turn change the
competency of muscles, ligaments, and cartilage.
Thus, altered mobility, elasticity, and compliance
of the functioning muscular and connective tissue of
the larynx might give rise to a diminished response
to active vocalization.

There was no evidence of consistent steroid-re-
ceptor binding and localization within the recur-
rent laryngeal nerve. Binding was seen sporadically
but was not strong enough to suggest any direct in-
fluence of the sex hormone on the nerve itself. Eval-
uation of CNS tissue and ganglia obtained during
this study is under way and may produce more evi-
dence relating to a neurological effect of hormone-
receptor binding in normal aging animals. In the
present study, however, the peripheral laryngeal
nerves were not seen to have a significant number of
receptor sites to indicate their involvement in the
hormonal regulatory process.

Several implications can be drawn from the re-
sults of this study in relation to their clinical signifi-

cance. First, it is very interesting that surface epi-
thelium has no appreciable hormone-receptor bind-
ing activity. Superficially, it would be easy to imply
that because sex steroid receptors are not found in
the surface epithelium of the larynx, the sex steroids
would play no role in pathologic states of this epi-
thelium. However, it is well known that epithelial-
mesenchymal interactions are of major importance
in the development, differentiation, and sustained
function of these surface structures, probably based
on mutual inductive interactions.?* As a conse-
quence, receptors in mesenchymal tissues (abun-
dant in the baboon larynx) could be readily postu-
lated to have a number of indirect effects on the
overlying epithelium (Fig 7). Maintenance of the
integrity, the normal maturative sequence, and the
resistance to metaplasia of the epithelium may be
related to receptor-mediated connective tissue
changes. Since the activated hormone-receptor
complex is capable of “turning on” selective sites of
genome, changes in the endocrine profile might
have an effect on the maintenance of epithelial
morphodifferentiation. The result might be a spec-
trum of clinical presentations from abnormal
speech patterns with aging to dysplastic or neoplas-
tic changes. Some degree of genetic predisposition
to neoplastic changes may be facilitated by altered
steroid-receptor complex activity. Certainly it is
possible to enhance morphodifferentiation processes
with exogenous carcinogens such as tobacco and al-
cohol. Pertinent to this hypothesis is the known ef-
fect of steroid-receptor binding on certain stem cell
functions in the immune competency system of the
individual and reproductive tract.?¢-** Therefore,
sex steroids may act singly or in concert with other
agents to produce alterations in the surface epithe-
lial structure and function. It is currently felt that
endogenous steroid hormones, acting through the
principle of neuroimmunomodulation may play a
significant role in the development or containment
of infectious and inflammatory processes of the
body, primarily through the action of stem cells and
the sympathetic nervous system.

It has been recently demonstrated that the growth
of cutaneous “strawberry” hemangiomata can be sig-
nificantly altered by the administration of exogenous
steroids.?! Furthermore, cytosolic receptor assays on
these hemangiomata showed a very high population
of cytosol-specific estrogen-binding receptors in the
majority of the biopsy specimens. This raises two
questions for consideration. One, are subglottic
hemangiomata in children high in estrogen recep-
tors; and two, if so, is it prudent to consider using
antiestrogen therapy rather than corticosteroids in
the management of these lesions? Further research
is needed to answer these questions.

The second major finding of the study was a high
binding activity in all tissues of mesenchymal origin
in the larynx. The possible role of connective tissue
induction of changes in the overlying epithelium
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has been previously discussed. The intrinsic and ex-
trinsic laryngeal muscles all showed consistent la-
beling of the muscle cell nuclei; the activity of these
high affinity estrogen receptors might have a direct
effect on the skeletal muscle cells and may modulate
their cellular activities. It was previously noted that
the aged female baboons had less estrogen-receptor
binding in their laryngeal muscles than did the
young animals in a previous study.'® Alteration of
either the sex steroid level or the number of receptor
sites in these highly functional tissues may affect the
muscular component of phonation, leading to a
weak, poorly coordinated voice. An additional fac-
tor to be considered is the role of the connective
tissue supporting structures (lamina propria, liga-
ments, and fascia), which also have high nuclear lo-
calization of labeled hormone. It is likely that the
aging process involving the sex steroids and their re-
ceptors adversely affects the elasticity, compliance,
and, where required, the stability of the connective
tissue structures, perhaps leading to bowing of the
vocal cords, which is so commonly seen in the elder-
ly patient with phonation difficulties.

Since abundant estrogen receptors have been
found in the esophagus of baboons, it is possible
that the entire upper aerodigestive tract is regulated
in part by these important receptor complex activa-
tions.® Thus, this would help explain some of the
dysphagia, aspiration, and poor motility of swal-
lowing commonly seen in older individuals who also
have speech abnormalities.

The third significant area of information arising
from this study is reflected by the finding of consis-
tent nuclear labeling of the perichondrium and
outer layers of the laryngeal cartilages, including
the arytenoid cartilages. These findings are particu-
larly interesting in light of the fact that the growth
and development of the larynx seems to be under di-

“morphic control of the sex steroid hormones. It is
not known whether the male larynx has a signifi-
cant growth spurt at puberty because of altered af-
finity of the receptors in situ or because of a change
in the total number or distribution of a specific af-
finity receptor. Because of the pertinent informa-
tion that could be obtained, future studies in this
direction are currently contemplated.

It is tempting to relate the highly labeled nuclear
receptor content of perichondrium and cartilage to
a number of laryngeal structural abnormalities such
as chondromalacia, chondroma, and chondrosarco-
ma; sex steroid-receptor assays should be performed
on these tumors in the future to ascertain the recep-
tor binding capacity. Such information could con-
ceivably provide valuable therapeutic data for the
possible prevention of or therapy for such patholog-
ical conditions by hormonal manipulation. The
same principle would apply to any neoplasm of the
larynx if it could be found to have high receptor
assays to a specific sex steroid. While other neo-

plasms of the head and neck have been assayed in
human patients and have been found to contain es-
trogen-receptor binding protein, no studies thus far
have been reported on the assays of laryngeal tu-
mors.’> It would seem pertinent that such assays
should be undertaken in an attempt to gain further
knowledge based on the data found in this study.

Several factors are involved in the necessity to
keep the size of the baboon model studies relatively
small including relative paucity of aged animals
with available medical records and the extremely
high cost of the labeled sex steroid used in the ex-
periment. When the autoradiographic techniques,
such as used in this study, have topographically and
histologically “mapped” the specific laryngeal tis-
sues, which have a high receptor content, then less
expensive and less specific techniques such as the
immunochemical and biochemical assays may be
used to quantify the sex steroid-receptor levels in
human laryngeal neoplasms and abnormal, but be-
nign, mucosal tissues. Further studies are under
way at our institution to obtain such normative in-
formation between the sexes in the baboon, using
both estrogen and testosterone. It is postulated that
the activity of the sex steroid-receptor complex
plays an important role in regulating laryngeal
structure and function in the aging process and in
the development of neoplasms.

SUMMARY

Tritiated estradiol-receptor complex localization
in the nuclei of laryngeal tissues was measured in
four aged female and one control aged female ba-
boons using the autoradiographic technique. Trans-
formed nuclear steroid-receptor complexes interact
with the chromatin to modulate gene expression,
which leads to changes in both mRNA and protein
synthesis. Thus, the hormone-receptor complex has
a regulatory effect on the cell and a collective effect
on the laryngeal tissues. The major findings in the
study were threefold, based on the consistency of in-
tranuclear labeling by the Ez-receptor complex.
One, laryngeal surface epithelium did not bind the
estrogen and can therefore be felt to have little or no
receptor activity. Two, the supporting mesenchy-
mal structures such as muscle, lamina propria, fat,
and dense connective tissue had very high uptake of
the labeled E2. It is postulated that via the effect of
the activated receptor complex on the mesenchymal
cells, this tissue might regulate in part the morpho-
differentiation and function of the overlying surface
epithelium by an inductive process (Fig 7). This
could lead to phonatory abnormalities or to the de-
velopment of an epithelial neoplasm. Three, laryn-
geal cartilage and investing perichondrium are high
in E2-receptor localization and may account for the
dimorphic growth of the larynx during puberty as
well as pathologic states such as chondromalacia,
chondroma, and perhaps chondrosarcoma. Addi-
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tional studies to further describe the location of the
laryngeal sex steroid-receptors are under way, and
attention should be given to their presence in the

aging process and neoplastic diseases. Hormonal
manipulation of laryngeal diseases may be a viable
treatment option in the future.
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VOCAL CORD PARALYSIS IN SMALL CHILDREN:
PRINCIPLES IN MANAGEMENT

HARVEY M. TUCKER, MD

CLEVELAND, OHIO

Vocal cord paralysis in children is an uncommon but often disabling problem. It may be congenital or acquired either in the im-
mediate period surrounding birth or as a postpartum event. Because even unilateral vocal cord paralysis can result in severe respiratory
distress in the newborn and in small children, recognition of this problem can be critical. A logical approach to diagnosis and management
requires not only that the physician be alert to the problem but also that several procedures be established that can be used together or sin-
gly to address the problem, as is most appropriate to the individual case. The usefulness of intubation, tracheotomy, surgical lateralization
of the vocal folds, and reinnervation in the management of these problems is discussed, and 30 cases of vocal cord paralysis in children

under the age of 5 years are presented.

KEY WORDS — vocal cord immobility, vocal cord paralysis.

Vocal fold paralysis is infrequent in newborn in-
fants and small children,! but when it does occur, it
can be severely disabling. Bilateral involvement
results in life-threatening airway compromise, of
course, but even unilateral paralysis can produce
severe respiratory distress in the tiny larynx of the
newborn. Hoarseness, breathiness, and weakness of
voice, on the other hand, although features of
unilateral paralysis in children (as they are in
adults), tend to be less severe and do not seem to af-
fect normal speech development significantly.?

Paralysis (or, more correctly, immobility) of the
vocal folds can be congenital or acquired. It is im-
portant to determine the cause whenever possible,
since this knowledge may influence decisions on
management in each case. Associated neuromuscu-
lar deficits (ie, swallowing and respiratory capabili-
ty), the likelihood of progression or recovery from
disease, life expectancy, and potential mental de-
velopment are only a few of the factors that must be
taken into account. The surgeon who plans to deal
with these problems should have an orderly plan for
diagnosis and management selection if he or she is
to provide the best possible rehabilitation for chil-
dren so afflicted.

BILATERAL PARALYSIS

The infant or small child with bilaterally im-
mobile vocal folds is not likely to survive long
without airway intervention, which is usually en-
dotracheal intubation. Once the situation is in
hand, the tube should be removed and spontaneous
efforts at respiration should be observed. Assess-
ment of vocal cord mobility can be very difficult in
the newborn, even under general anesthesia. If cir-
cumstances permit, an attempt should also be made
to palpate both arytenoid cartilages to determine

passive mobility. Cricoarytenoid fixation, posterior
glottic webs, or vocal cord fusion can be distin-
guished from paralytic immobility of the vocal folds
only in this way.

Bilateral vocal fold paralysis in pediatric patients
can be managed in three general ways: 1) tracheot-
omy (bypass), 2) vocal fold lateralization (widen-
ing), or 3) reinnervation.

Tracheotomy. Although it is intended to be tem-
porary in most cases, tracheotomy is a necessary
measure in the management of virtually all children
with bilaterally immobile vocal folds. Bypass of the
glottis stabilizes the airway and creates an elective
situation where an emergent one may have existed
previously. Necessary diagnostic studies can then be
undertaken and other medical problems attended to
without serious concern about airway compromise.
Advantages include a) prompt establishment of a
stable airway, b) no further compromise of voice
beyond that which accompanied the paralysis, and
c) reversibility. Disadvantages are a) need for a
surgical procedure and wearing a tube, b) difficul-
ties and risks of ongoing tracheotomy care, and c)
difficulty of extubation in very small children.

Vocal Fold Lateralization. Any of several tech-
niques, including arytenoidectomy or cordectomy
by laser technique or microlaryngoscopy, anterior
thyrotomy, or lateral cervical approach (Wood-
man) can be used for vocal fold lateralization.
Common to all of these procedures is the intention
to improve the airway by lateralizing one or both of
the vocal folds permanently. The airway that re-
sults will be inversely proportional to and at the ex-
pense of residual voice. Moreover, creating what
may be an adequate airway for a small child by
these essentially static techniques does not guaran-
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TABLE 1. MANAGEMENT CHOICES IN VOCAL FOLD
PARALYSIS IN SMALL CHILDREN
Bilateral

Tracheotomy

Vocal fold lateralization
Laser cordectomy
Widening of posterior commissure
Arytenoidectomy/lateralization

Reinnervation

No intervention

Unilateral
Tracheotomy
Teflon (or Gelfoam) injection
Surgical medialization
Reinnervation
Speech therapy
No intervention

tee that the airway will grow with the child and
continue to be sufficient. For these reasons and be-
cause lateralization procedures are irreversible,
they are not often the best choice to manage vocal
fold paralysis in children. If reinnervation is not
possible or is unsuccessful, long-term tracheotomy is
the procedure of choice. Irreversible surgical deci-
sions should be put off until the child has reached
an age at which he or she can take an intelligent
part in deciding whether or not to exchange voice
for airway and only after a lengthy opportunity to
assess how well tracheotomy can be incorporated
into day-to-day existence.

Reinnervation. Reinnervation of one or both of
the posterior cricoarytenoid muscles in an effort to
restore abductive capability offers several potential
improvements over other means of managing bilat-
eral paralysis. Advantages include the following. a)
The procedure restores the airway without further
loss of residual voice. b) The procedure does not
preclude successful use of other techniques if it fails.
c) Because it neither fixes the vocal fold nor makes
use of the recurrent laryngeal nerve, the procedure
can be employed even when some possibility of
spontaneous recovery remains. Its major disadvan-
tage is that there is a delay of from 2 to 6 months
after surgery before reinnervation may progress suf-
ficiently to permit decannulation, even in successful
cases.

Treatment Selection (Table 1). Because reinner-
vation is the most desirable procedure when it can
be performed successfully, determination of cause
and presence or absence of fixation is essential.
Lateralization procedures are best avoided until a
reasonable trial at long-term tracheotomy has been
allowed. The occasional child with bilateral paraly-
sis may not require surgical intervention, but this is
the exception rather than the rule.

UNILATERAL PARALYSIS

Because of the elasticity, growth potential, and
relatively small size of the pediatric airway, voice

tends to be much less profoundly affected by uniiat-
eral recurrent nerve paralysis than in adults. On the
other hand, airway compromise is more likely to oc-
cur, especially in infants and small children. In the
latter two groups, tracheotomy may even be neces-
sary on a temporary basis. Although extubation can
be difficult in very small children, the tube can usu-
ally be removed between 1 and 2 years of age if the
only problem is unilateral paralysis.

Persistent voice change due to unilateral paralysis
(or fixation, which is uncommon) can be managed
by 1) Teflon (or Gelfoam) injection, 2) surgical me-
dialization, or 3) reinnervation.

Teflon (or Gelfoam) Injection. Advantages of
Teflon (or Gelfoam) injection are that it yields
almost immediate improvement of voice and cough.
Its many disadvantages in children include a) ir-
reversibility, b) difficulty in judging amount to be
injected, since few children can tolerate placement
of Teflon under local anesthesia so that voice can be
monitored, c) potential risks of long-term foreign
material injection in children, d) changes in vibra-
tory characteristics of the vocal fold because of the
mass of Teflon injected, and e) possible airway com-
promise in small larynges.

Surgical Medialization. Any of several means,**
all of which have in common displacement of the
paralyzed vocal fold toward the midline with ulti-
mate fixation in this position, can be used for surgi-
cal medialization. Advantages include a) any size
defect can be overcome, b) the procedure can be
used even in cases of fixation, and c) it causes no
change in mass and therefore in vibratory charac-
teristics of the vocal fold (unless a subsequent Tef-
lon injection is necessary for fine tuning). Disadvan-
tages are a) need for temporary tracheotomy in
most cases, b) use of open surgery with the patient
under general anesthesia, c) potential airway re-
striction in small larynges, d) irreversibility, and e)
difficulty in judging proper position for the vocal
fold under general anesthesia.

Although surgical medialization is more often ap-
plicable in children than is surgical lateralization, it
still suffers from irreversibility and does not restore
tensioning capability. For this reason, the quality of
voice achieved may be lower because of poor pitch
control.

Reinnervation. Selective reinnervation of the ad-
ductors of the larynx is a viable alternative in the
management of unilateral vocal fold paralysis in
small children. Its advantages are as follows. a)
There is no compromise of potential spontaneous
recovery, thus permitting its use without waiting
some fixed period. b) No foreign materials are re-
quired. ¢) Tracheotomy is not usually necessary. d)
The procedure does not preclude eventual use of
any other technique. e) It restores tensioning capa-
bility and therefore provides better pitch control, as
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TABLE 2. CAUSE OF VOCAL FOLD
IMMOBILITY IN 30 CHILDREN

TABLE 3. MANAGEMENT OF VOCAL FOLD
IMMOBILITY IN 30 CHILDREN

Cause N Total Cause N Total
Bilateral Bilateral 22
Congenital 15 Tracheotomy 22
Arnold-Chiari malformation 6 Lysis of vocal fold adhesions 2
Hydrocephalus 3 Reinnervation 18
Eyelid-ptosis associated® 2 Lateralization procedure 2
Other 4 Unilateral 8
Acquired 7 Tracheotomy 6
Surgical trauma 4 Reinhcivation 3
Intubation injury 2 Gelfoam injection 2
Recurrent nerve injury 2 Teflon injection 0
Closed neck injury 2 Surgical medialization 1
Polio 1 Speech therapy 8
Unilateral Some patients had more than one procedure.
Congenital 3
Acgi;:eeg i 3 2 parity in incidence of unilateral versus bilat.eral pa-
Surgical trauma 2 ralysis is most likely a function of the relatively in-
Total 30 nocuous course of unilateral paralysis in children

well as medialization of the vocal fold. Disad-
vantages of reinnervation are a) need for an open
surgical procedure and b) delay of up to 6 months
before restoration of adduction may occur.

Although it is desirable to restore voice promptly
after a rehabilitative procedure has been under-
taken, children usually tolerate weak voice quite
well, at least until they begin preschool or kin-
dergarten. As a result, the delay in restoration of
function after reinnervation for unilateral paralysis
is outweighed by the superior voice quality possible
and lack of irreversible damage afforded by this
technique. As has been noted above, it is not often
necessary to intervene surgically at all in small
children with unilateral vocal fold paralysis, since
the great majority compensate quite satisfactorily
with appropriate speech therapy, and aspiration
and poor cough are not often significant in this
young and otherwise resilient age group.

Treatment Selection. The treatment of choice to
improve voice in children with unilaterally im-
mobile vocal folds is speech therapy (Table 1).
Besides the possibility of spontaneous recovery in
some cases, this approach avoids irreversible in-
tervention while allowing the child’s larynx to com-
pensate, which is likely to happen in the majority of
cases.

MANAGEMENT EXPERIENCES AND RESULTS

Thirty patients under the age of 5 who were suf-
fering from vocal fold immobility have been man-
aged according to these principles over the period
July 1975 to June 1985. There were 22 with bilat-
eral involvement: 14 males and eight females, and
eight patients with unilateral paralysis: four males
and four females. The study was limited to this
younger age group because the management of vo-
cal fold paralysis in older children does not differ
appreciably from that of adults. The apparent dis-

(probably leading to failure to diagnose in many pa-
tients), rather than to the actual frequency of either
type of paralysis. Tables 2 and 3 outline the diagno-
sis and management selection for this group of pa-
tients.

Bilateral Immobility. Only two children had bi-
lateral fixation of the cricoarytenoid joints. Both of
these followed prolonged intubation and both were
associated with significant laryngotracheal stenosis.
After correction of the stenosis, both of these chil-
dren had lateralization procedures, since spontane-
ous recovery or reinnervation could not be ex-
pected. Two others had what appeared to be bilat-
eral paralysis or fixation, but in reality were found
to have posterior web formation between the vocal
processes of the arytenoid cartilages. Only careful
laryngoscopy demonstrated the true diagnosis. Both
of these cases were managed by carbon dioxide laser
lysis of the adhesions, with immediate return to
normal laryngeal mobility.

When the two cases of vocal cord adhesion and
both cases of cricoarytenoid fixation were excluded,
18 children were felt to be suitable candidates for
reinnervation. Nine of these attempts at reinnerva-
tion permitted eventual decannulation with good
airway function and no further loss of voice. All of
these nine patients who were successfully extubated
were observed to have appropriate abduction of the
reinnervated vocal fold(s) by either fiberoptic or
direct examination.

The nine failures included the one case of polio
myelitis, all six patients with Arnold-Chiari malfor-
mation, and two of the three cases of hydrocepha-
lus. Good results were generally achieved in periph-
eral traumatic paralyses but not in the more cen-
trally involved cases, suggesting that patients with
CNS causes of bilateral vocal fold paralysis may not
be good candidates for reinnervation. In some cases
this may be due to the central disorder making the
branches of the ansa hypoglossi that are used un-
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suitable for reinnervation. Other central causes of
denervation may have an as yet unappreciated ef-
fect on the involved muscles, which may interfere
with eventual reinnervation. All of these failures
have been managed with long-term tracheotomy.

Two patients were managed by initial tracheot-
omy, which eventually was successfully removed
without any other airway manipulation. Indeed, it
is not unusual to encounter adults whose bilateral
vocal fold immobility was probably present from
birth and who have survived with relatively little
airway compromise and without tracheotomy.
Often such cases are labeled “asthma” because no
direct examination of the vocal folds is undertaken.
Depending upon the resting position of the im-
mobile vocal folds, body habitus, and other factors,
it is clear that a child may survive and even exhibit
reasonable exercise tolerance even in the face of un-
corrected vocal fold paralysis.

Unilateral Immobility. Six of the children (all
small infants) with unilateral vocal fold paralysis
had sufficient airway compromise to require tra-
cheotomy. All of these were successfully decannu-
lated within 6 to 18 months. Temporary Gelfoam
injection was employed in two cases because of poor
cough and aspiration. Both of these compensated
satisfactorily so that by the time the Gelfoam had
been absorbed, no further intervention was deemed
necessary. This suggests that slow relateralization of
a paralyzed vocal fold as Gelfoam disappears may
encourage gradual hyperadduction of the remain-
ing vocal fold.

Surgical medialization was undertaken in only
one patient. This was a child with multiple neurofi-

bromatoses in whom it was felt unwise to use a rein-
nervation technique that would employ a potential-
ly involved nerve in rehabilitation. All three of the
patients in whom reinnervation was attempted were
treated successfully. Within 3 months they had re-
covered near normal voice with excellent pitch con-
trol, as judged by subjective evaluation by a panel
of three speech professionals. Direct laryngeal eval-
uation demonstrated active adduction and tensing
of the reinnervated vocal fold.

Speech therapy should be included in the man-
agement of all children with unilateral vocal fold
paralysis, regardless of any other measures under-
taken. In most cases, compensation can be speeded
up and optimized, which is most often all that is re-
quired to achieve nearly normal voice. If surgical
intervention of some kind is necessary, speech
therapy is likely to optimize eventual recovery of
function.

CONCLUSIONS

Management of children with immobility of one
or both vocal folds demands a clear understanding
of possible causes and available treatment alter-
natives if optimal results are to be accomplished. A
conservative approach that aims to restore as much
normal function as possible without irreversible
compromise of voice seems best. Procedures that
may result in further loss of voice while trying to
achieve adequate airway without tracheotomy
should be delayed until the child is old enough to
take an intelligent part in such decisions. Reinner-
vation techniques, although not suitable for all pa-
tients, potentially can accomplish the desired results
in many cases.
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VOCAL CORD PARALYSIS IN CHILDREN 1 YEAR
OF AGE AND YOUNGER
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Twenty-two patients 1 year of age or younger were diagnosed as having unilateral or bilateral vocal cord paralyses between 1962 and
1985. There was a marked male predominance, and 12 of the paralyses were bilateral. Congenital neurological malformations were the
cause in six patients, birth trauma in five, surgery in four, syphilis in one, and six cases were idiopathic. Tracheotomy was necessary in 11
of the patients with bilateral paralyses. Ten of the 16 patients for whom follow-up was available had resolution of the paralysis from 1
week to 5 years of age. The importance of making an accurate diagnosis is stressed, as is using the fiberoptic laryngoscope.

KEY WORDS — Arnold-Chiari malformation, infant, laryngoscopy, neonate, tracheotomy, vocal cord paralysis.

INTRODUCTION

Stridor in infants is not uncommon and is usually
related to laryngomalacia, the most common con-
genital anomaly of the larynx.* Rarely does laryngo-
malacia require aggressive treatment because the
symptoms resolve as the larynx matures. However,
there are many other causes of stridor, one of which
is vocal cord paralysis. Holinger and Brown found in
their review that vocal cord paralysis comprised 10 %
of the congenital laryngeal anomalies,! and Cohen
et al stated that laryngeal paralysis and paresis were
the most common findings in their series of patients.?
As with any disease, accurate diagnosis is the key to
proper treatment. Recent advances in pediatric en-
doscopy allow the otolaryngologist-head and neck
surgeon to assess the neonatal larynx accurately, and,
consequently, it is important not to blindly ascribe
noisy breathing in children to laryngomalacia.

Despite the importance of this entity and the fact
that it is now possible to examine the larynx of even
the youngest child thoroughly, there are very few
reports that concentrate on vocal cord paralysis in
children,’” and even fewer that deal exclusively
with very young children.®® Some of these reports
are quite old, and the causes frequently encountered
several years ago may be unusual today. Further-
more, neonates now survive prematurity and dis-
eases that would have been fatal only a few years
ago. We report our experience in the diagnosis and
management of children 1 year of age and younger.

MATERIAL AND METHODS

The charts of all children who were diagnosed as
having vocal cord paralyses at 1 year of age or less
were reviewed. The patients were diagnosed and
treated at either Texas Children’s Hospital or Jeffer-
son Davis Hospital, Houston, from 1962 to 1985.

When possible, either the patient or treating physi-
cian was contacted by telephone in an effort to deter-
mine the long-term outcome. Resolution was defined
as vocal cord movement confirmed at endoscopy.

RESULTS

There were 22 children 1 year of age or younger
who were diagnosed as having vocal cord paralyses.
Fourteen of the children were diagnosed in the last
5 years (Figure). The Table summarizes the data for
the patients in this series, seven of whom were fe-
male, 15 male.

There was a slight predominance of bilateral pa-
ralysis (12 patients) over unilateral paralysis (ten
patients). In the bilateral paralysis group, the vocal
cord position was noted to be median or paramedi-
an in ten patients and unspecified in the other two
patients. Eight of the patients with unilateral paral-
ysis were noted to have the vocal cords in the me-
dian or paramedian position, and again, the posi-
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Distribution of patients by year of diagnosis.
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SUMMARY OF PATIENT DATA

Patient Cause of
No. Sex Paralysis Side Onset Therapy Qutcome
1 M Surgery 1L, Postoperative None LTF
2 M Surgery L Postoperative None [ETE:
3 M Surgery R Postoperative None LTFE
4 M Surgery L Postoperative None Died
5 F ACM B 2 mo T/S 18 mo*
6 F ACM B 3 mo T/S 20 mof
i M ACM B Birth T/S 9 mo*
8 M ACM B Birth S/D 18 mo*
9 M ACM L Birth S 1 wk*
10 F Encephalocele B 1 mo T/S 6 mo*
4] F Birth trauma B Birth qr 12 moft
12 M Birth trauma B Birth 2 i 8 mof
13 M Birth trauma B Birth 1k LTFE
14 M Birth trauma B Birth A7 6 mo*
15 M Birth trauma R Birth None 1 wk*
16 M Idiopathic B Birth i 5 yr*
17 F Idiopathic B Birth e 6 mo*
18 M Idiopathic R 2 wk None 1 mo*
19 M Idiopathic R Birth None 3 yrf
20 F Idiopathic i[5 Birth None 1 mof
21 M Idiopathic R Birth None LTF
29 F Syphilis B Birth T 2 mof
ACM — Arnold-Chiari malformation, B — bilateral, D — posterior fossa decompression, LTF — lost to follow-up, S — shunt, T — tracheotomy.
*Resolved.
1 Unresolved.

tion in two patients was not noted. In the unilateral
paralysis group, the right side was affected in five
cases, with an equal number of patients with left
side involvement.

Stridor, the most common symptom, was present
in all 12 of the patients with bilateral paralyses, but
in only seven of the patients with unilateral paraly-
ses. Four of the patients with unilateral paralyses
had hoarseness, which was not present in any of the
patients with bilateral paralyses. Cyanosis was more
common in the bilateral group (five of 12 patients)
than in the unilateral group (two of ten patients),
but choking was equally common in the two groups
(two unilateral patients and three bilateral patients).

There were six patients whose vocal cord paraly-
ses were due to congenital neurological malforma-
tions. Arnold-Chiari malformation (ACM) with as-
sociated meningomyelocele and hydrocephalus was
present in five, and one was related to an occipital
encephalocele and hydrocephalus. Five of these
paralyses were bilateral, and one was unilateral.
The onset of the symptoms (and presumably the pa-
ralysis) was at birth in three of the patients, while
the other patients with congenital neurological le-
sions developed symptoms 1, 2, and 3 months after
birth.

In six of the patients, no cause of the paralysis
could be determined. There were no associated find-
ings; four of these patients had unilateral paralyses,
while the other two paralyses were bilateral. The
onset of symptoms was at birth in five patients and
at 2 weeks in one.

Birth trauma was the presumed cause of paralysis
in five patients. The specific cause was prenatal
anoxia in two patients, difficult forceps delivery in
one, breech birth in one, and shoulder dystocia in
one, the only unilateral paralysis in this group. The
latter patient was also noted to have upper extremi-
ty weakness, while seizure disorders and other CNS
deficits were noted in two of the other patients. In
all cases, the onset of symptoms was at birth.

Four of the patients developed vocal cord paralyses
following a surgical procedure. All of the paralyses
were unilateral, and the onset was immediately post-
operatively in all cases. Three of the patients under-
went repair of a congenital cardiac defect, and one
developed symptoms following parathyroidectomy.

One patient who was noted to have bilateral vo-
cal cord paralysis at birth had congenital syphilis.
She also had snuffles, and no other cause for the pa-
ralysis was found.

Tracheotomy was not required for any of the pa-
tients with unilateral paralysis. Eleven of the 12 pa-
tients who had bilateral paralysis underwent tra-
cheotomy for airway distress. Three patients (all
with bilateral paralysis) had pharyngoesophageal
incoordination severe enough to require gastrosto-
my. Two of these three patients as well as one other
underwent fundoplication for gastroesophageal re-
flux. All six of the patients with hydrocephalus un-
derwent shunt placement (frequently multiple times
for shunt malfunction).

Five of the patients with congenital neurological
malformations and hydrocephalus have had return



118 Gentile et al, Pediatric Vocal Cord Paralysis

of movement, one at 1 week, one at 6 months, an-
other at 9 months, and two at 18 months. Their
shunts were performed at 1, 2, 3, 12, and 16 weeks of
age. One patient who was shunted at 8 weeks of age
had not developed any movement 20 months later.

Three of the patients whose vocal cord paralyses
were due to surgery were lost to follow-up, and the
fourth died of unrelated causes. Of the patients
whose paralysis was secondary to birth trauma, two
developed movement at 1 week and 6 months, two
had no movement at 8 and 12 months, and one was
lost to follow-up. Three of the patients with un-
known causes of paralyses developed movement at 1
month, 6 months, and 5 years, while two have no
movement 1 month and 3 years after diagnosis. One
was lost to follow-up. The one patient with congen-
ital syphilis had no return of function at 2 months of
age despite appropriate therapy.

DISCUSSION

One of the striking findings in this study is the
distribution of the cases over the years included in
the review. Although the charts of a 25-year period
were examined, 66 % of the cases were diagnosed in
the last 5 years. One possible explanation for this
finding would be poor medical records. However,
the medical records departments at both institu-
tions are quite good, and we have not seen a similar
distribution when we have reviewed the charts of
patients with other diseases. Another possible ex-
planation is that a number of these children would
have died from their associated anomalies in previ-
ous years when advanced neonatal intensive care
units were not available.

One factor that appears to have increased the in-
cidence of diagnosis of vocal cord paralysis is the use
of the flexible laryngoscope. The flexible laryngo-
scope allows a prolonged view of the larynx in an
atraumatic setting. Although it does not replace the
Jackson laryngoscope, the fiberoptic scope does
allow a panoramic view of the supraglottic and
glottic areas without interfering with laryngeal
movement, as can happen during direct laryngosco-
py. One other advantage is that pediatricians seem
less likely to empirically diagnose laryngomalacia in
a child with noisy respiration and are more willing
for the child to be examined when they know that
the procedure can be performed atraumatically un-
der topical anesthetic at the bedside.

There was a marked male predominance in this
series, which both Cohen et al*> and Holinger et al®
found in their series. More than half of the patients
in this series had bilateral paralysis, also a finding
made by Cohen et al® and Holinger and Brown.!
There was an even distribution of right and left
cord involvement in the unilateral paralysis group.
Cavanagh’ and Cohen et al? found a right predomi-
nance, whereas Holinger and Brown' found that
over 70% of patients with unilateral paralysis had

left cord involvement. We do not have an explana-
tion for these findings.

As has been noted by other authors, the causes of
vocal cord paralysis are quite different in young
children when compared to adults. Whereas sur-
gery and neoplasms are the most common causes in
adults, ' our series demonstrates the high incidence
of paralysis secondary to ACM. Only four of the 20
cases in this series were caused by surgery. This is
actually quite remarkable when one considers how
many Texas Children’s Hospital patients undergo
surgery for congenital cardiac anomalies. Two of
the five cases of birth trauma could be termed neu-
rological because the paralysis was felt to be secon-
dary to anoxic brain injury during delivery. This ex-
perience is somewhat different from that of Cohen
et al,? as they reported in one series that the etiology
was idiopathic in over 80% of their cases.

Syphilis was believed to cause the paralysis in one
of the patients in this series. Specific reference to
syphilis as the cause of vocal cord paralysis has not
been made since Cavanagh’ quoted Bloch and Le-
moine’s 1936 paper'! describing a child with vocal
cord paralysis and congenital syphilis. Cavanagh
also mentioned a case of congenital syphilis re-
ported by Hussy in 1905.?

Sometimes the cause of vocal cord paralysis in in-
fants is readily apparent, for example, ACM with
associated meningomyelocele. The cause may also
be elusive, as evidenced by the number of undiag-
nosed cases in our series and others. A systematic
approach to uncovering the cause is warranted, be-
ginning with a thorough history and physical exam-
ination. Particular attention should be given to
complications in labor and delivery. In our group of
children the delivery was complicated in more than
half the births. Cohen et al likewise found that 35 %
of the children in his series had complicated deliv-
eries, usually due to abnormal presentation of the
infant.® Head trauma, hypoxia, and shoulder dys-
tocia are mechanisms that should be considered
when evaluating these infants. Plain chest radio-
graphs will aid in excluding the possibility of intra-
thoracic anomalies. A barium swallow study is es-
sential to determine associated pharyngoesophageal
dysfunction and gastroesophageal reflux, and it
may be diagnostic in many congenital vascular dis-
orders. Because of the high percentage of neurologi-
cal abnormalities in these patients, enhanced com-
puted tomography (particularly of the posterior fos-
sa) to search for intracranial disorders is recom-
mended. Magnetic resonance imaging may prove to
be the test of choice in the future, but none of the
patients in this series underwent this examination.
Consultation with the pediatric neurologists is also
recommended, as they frequently can find addi-
tional subtle neurological findings that may aid in
making the diagnosis.
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Treatment is determined by several factors, in-
cluding the type of paralysis (unilateral or bilateral),
the degree of respiratory obstruction, and to a lesser
extent, the cause of the vocal cord paralysis. Experi-
ence has shown that in some children with hydro-
cephalus, CSF shunting results in resolution of the
laryngeal paralysis.®* Moreover, shunt malfunction
is often heralded by the onset of stridor and vocal
cord paralysis, as was the case in one patient in the
series. In our series, the six patients with hydro-
cephalus were shunted from 1 to 16 weeks of age.
Five resolved (within 2 years), and one has been fol-
lowed 20 months without resolution. Although the
number of patients is small, there does not appear
to be any correlation with the timing of the shunt
and success in our series. The precise mechanism of
vocal cord paralysis in these children remains un-
clear, but various theories have been proposed in
the literature including brain stem dysgenesis, me-
chanical compression, or stretching of the vagus
nerve, with or without resultant neuronal degenera-
tion and circulatory impairment of the brain stem.™

The role of posterior fossa decompression in treat-
ing children with hindbrain malformations and vo-
cal cord paralysis is promising. Wickramasinghe et
al’* and Hoffman et al'® have discussed their results
of posterior fossa decompression when signs of pro-
gressive brain stem dysfunction or apnea attacks

were manifested. Their combined series showed
that 21 of 29 patients were permanently relieved of
symptoms. They advocate posterior fossa decom-
pression at the first sign of brain stem dysfunction,
stating that if decompression is delayed too long,
neurological recovery will not occur. One patient in
our series underwent posterior fossa decompression
at 20 months of age and had complete resolution of
the paralysis.

Tracheotomy is usually required in infants with
bilateral paralysis. In this series, tracheotomy was
necessary to relieve respiratory obstruction in 11 of
12 patients with bilateral vocal cord paralysis. In
two patients with hydrocephalus, tracheotomy was
initially deferred in anticipation that the problem
would resolve after shunting. One eventually re-
quired tracheotomy, and the other improved with
shunting and posterior fossa decompression. If there
is any doubt about the airway, it is far better to per-
form tracheotomy electively rather than wait until
it is urgently required.

Our studies support the findings of Cohen et al
that conservative therapy is appropriate in these pa-
tients.® Overall, the prognosis for recovery in neo-
nates and infants is reasonably good. In this series,
ten of the 16 patients for whom follow-up data are
available had resolution of the paralysis.
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RISK FACTORS FOR NEONATAL ACQUIRED
SUBGLOTTIC STENOSIS
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Endotracheal intubation has proven to be a relatively safe and effective means of securing the airway in neonates. Some concern re-
mains, however, regarding airway management in critically ill infants who require assisted ventilation for extended periods. Among the
various risk factors associated with the complication of acquired subglottic stenosis in neonates, the one most frequently cited has been
“prolonged” intubation, although opinion varies regarding the definition of this term. Various recommendations exist that attempt to
establish the limits of “safe” periods of intubation for infants. Some feel that tracheotomy is indicated when airway support is required
beyond those limits. In an attempt to define important risk factors involved in the development of neonatal subglottic stenosis, a retrospec-
tive analysis of infants admitted to the Neonatal Intensive Care Unit of Columbus Children’s Hospital who required intubation during a
3-year period from 1977 to 1980 was undertaken. Of 343 infants who survived hospitalization, five patients were identified as having ac-
quired subglottic stenosis. The average duration of intubation for these five patients was 56.2 days. The incidence of subglottic stenosis for
infants whose duration of intubation ranged from 3 to 50 days was 0.4% (1/245). Infants with birth weights less than 1,500 g appeared
more susceptible to the development of intubation-related laryngeal injury. The conclusion of this study is that endotracheal intubation is
an appropriate means of long-term airway management in neonates hospitalized in a pediatric intensive care unit, providing other known

risk factors are minimized.

KEY WORDS — acquired subglottic stenosis, endotracheal intubation, respiratory distress.

INTRODUCTION

Few would argue against the use of endotracheal
intubation as the initial means of airway stabiliza-
tion in the neonate with respiratory distress, but its
use over protracted periods is controversial. Irrever-
sible subglottic stenosis is a well-recognized compli-
cation of intubation. Although several risk factors for
the development of this complication have been pro-
posed, the one most commonly cited is prolonged in-
tubation. There is, however, no consensus of opinion
regarding the definition of this term, and various
recommendations exist that attempt to define the
limits for “safe” periods of intubation. Many authors
advise tracheotomy when ventilatory assistance is
required beyond those limits.'-?

Infant respiratory distress syndrome (IRDS) is the
most common indication for ventilatory support in
the neonate. Premature infants with birth weights
less than 1,500 g appear to be particularly suscepti-
ble to this disorder. Mechanical ventilation has
played a major role in the successful management of
IRDS. In the majority of cases, endotracheal intu-
bation is the safest and most expedient method of se-
curing the airway in an infant experiencing respira-
tory distress. It has in fact been argued that all neo-
nates with birth weights of 1,500 g or less should be
immediately intubated at birth as an elective proce-
dure, as opposed to therapeutic intubation after hy-
poxia becomes evident.® Unfortunately, the patho-
physiologic mechanisms responsible for IRDS are

often slow to resolve and may result in chronic pul-
monary insufficiency. Frequently this will necessi-
tate long-term ventilatory assistance, in some cases
for many weeks.

The purpose of this study was to identify risk fac-
tors in the development of subglottic stenosis fol-
lowing endotracheal intubation of neonates. A spe-
cific goal was to assess the relationship between
duration of intubation and the incidence of ac-
quired subglottic stenosis. This was accomplished
by a retrospective analysis of infants admitted to the
neonatal intensive care unit who had survived vari-
ous periods of intubation.

SUBJECTS AND METHODS

There were 508 patients admitted to the neonatal
intensive care unit during a 3-year period from Jan
1, 1977, to Dec 31, 1980, who required endotra-
cheal intubation. The study population consisted of
343 intubated infants who survived. No deaths were
directly attributable to complications of intubation.

The majority of intubations were performed by pe-
diatric residents, staff neonatologists, or pediatricians
in outlying hospitals prior to transfer to Columbus
Children’s Hospital. Noncuffed polyvinyl chloride
tubes were used exclusively, with tube sizes ranging
from 2.0 to 4.0 mm. The oral route of intubation
was used 98 % (334/343) of the time, and the tubes
were stabilized with a Logan bow and tape. In addi-
tion, elbow restraints were frequently applied. All
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TABLE 1. INCIDENCE OF RISK FACTORS IN INFANTS
DEVELOPING SIGNIFICANT SUBGLOTTIC STENOSIS
(N=5)

Duration of intubation 18-83 d
Birth weight 820-2,680 g
Multiple intubations

2 intubations 2 pts

3 intubations 3 pts
Premature 4 pts
IRDS 5 pts

patients were provided with constant skilled nursing
care with frequent suctioning. Endotracheal tubes
were not routinely changed unless accidental ex-
tubation or obstruction by mucous plugs occurred.

The following variables were recorded for each
study patient: age on admission, admitting diagno-
sis, birth weight, and maternal or infant-related an-
tenatal or perinatal complications. Both the proce-
dure and the period of intubation were character-
ized in terms of endotracheal tube size, difficulty of
intubation, multiple intubations, and duration of
intubations. All postextubation complications and
their corresponding treatments were identified.

RESULTS

Among the study population of 343 infants, five pa-
tients were identified as having acquired subglottic
stenosis following intubation. As indicated earlier,
the intent of this study was to identify the important
risk factors involved in the development of subglot-
tic stenosis. The birth weights and duration of intu-
bations for the five patients in this study who had
severe acquired stenosis are shown in Table 1. Only
one of these patients was intubated for less than 50
days, and that same patient was the only one of the
group with a birth weight greater than 1,500 g. A
comparison of all patients who were successfully ex-
tubated and those who developed stenosis severe
enough to require tracheotomy is given in Table 2.
The notable differences between these two sub-
populations included birth weight, duration of in-
tubation, and multiple intubations.

An analysis of the relationship between duration
of intubation and the incidence of significant ac-
quired subglottic stenosis is shown in Table 3. These
results clearly demonstrate an increased risk of de-
veloping subglottic stenosis after 50 days of intuba-
tion. Conversely, acquired stenosis was a rare event
when the duration of intubation was less than 50
days.

DISCUSSION

The data from the individual study parameters
mentioned in the Subjects and Methods section has
already been reported.® In this previous publication,
the majority of patients were less than 24 hours of
age at the time of admission. Gestational ages were
not routinely available, but 62% were identified as
preterm. The admitting diagnosis was IRDS in 81 %

TABLE 2. RISK FACTOR ANALYSIS

Patients
with

Patients Acquired
Successfull, Subglottic

Extubatedy Stenosis

Risk Factor (N=334) (N=35)
Av duration of intubation 7.8d 56.2 d
Av birth weight 2,281.9 g 1,409.4 g
=3 intubations 18/334 ( 5.3%) 3/5 (60%)
Antenatal problems 131/334 (39.0%) 4/5 (80%)
Traumatic intubation 31/334 (9.2%) 1/5 (20%)

of the study population. Other diagnoses were neo-
natal sepsis, perinatal asphyxia, and meconium as-
piration among others. The average birth weight
was 2,272 g with a range of 650 to 5,695 g. Antena-
tal or perinatal complications were noted in 39%.
Technically difficult intubations were infrequent
(10%). Endotracheal tube sizes and the average
corresponding birth weights are listed in Table 4.
Multiple intubations occurred in 34 % .

The duration of intubation ranged from 1 to 104
days with a mean of 9.15 days. The overall inci-
dence of acquired subglottic stenosis severe enough
to require tracheotomy was 1.5% (5/343). There
were additional tracheotomies performed in antici-
pation of the need for long-term respiratory sup-
port, but these infants had no evidence of subglottic
stenosis at the time of surgery.

Airway management in patients requiring me-
chanical ventilation involves endotracheal intuba-
tion or tracheotomy. The relative merits of both
methods have been argued for many years, particu-
larly as they apply to children. The introduction of
the polyvinyl chloride tube as well as improved
techniques of mechanical ventilation have signifi-
cantly reduced the incidence of complication from
intubation. Consequently, the use of endotracheal
intubation as an adjunct to mechanical respiratory
support has become popular.

Despite the widespread popularity of intubation,
a potential for the complication of acquired stenosis
is well recognized. It is apparent that adults are at a
greater risk for the development of this complica-
tion than are infants, presumably because of the
balloon cuff on tubes used for the larger airway. Ac-
cordingly, adults who require respiratory support
longer than 2 weeks are frequently advised to un-
dergo tracheotomy.

TABLE 3. DURATION OF INTUBATION
AND ACQUIRED SUBGLOTTIC STENOSIS

Incidence

of Stenosis
Duration of Intubation (d) No. of Patients No. %
>3 253 5 2.0
=7 112 5 4.5
>3, <50 245 1 0.4
=7, =50 104 1 1.0
<50 335 1 0.2
All patients (1-140) 343 5 1.5
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TABLE 4. ENDOTRACHEAL TUBE SIZE
AND CORRESPONDING BIRTH WEIGHT

No. of Av Birth

Tube Size (mm) Patients % Wt (g)
2.0 O) 6.0 650
2.5 18 5.2 1,586
3.0 105 30.6 1,769
3.5 109 31.8 2,548
4.0 24 7.0 3,538
No information available 85 24.8 —

Acquired subglottic stenosis following intubation
of infants is not well understood. While many phy-
sicians agree that neonates can tolerate intubation
for greater periods than adults, it has not been well
established just how long a duration of intubation is
acceptable. Furthermore, several recent reports
have suggested that severe intubation-related laryn-
geal injury in infants is higher than is commonly ap-
preciated.’*° Other investigators, however, main-
tain that the incidence of acquired stenosis from
neonatal intubation is low. #1112

If one defines severe laryngeal injury as that which
requires tracheotomy or major surgical intervention
to correct, then it appears that this complication is
indeed uncommon in neonates. Several authors have
reported an incidence of acquired subglottic steno-
sis at less than 2% in infants.*®!*'? In each of these
studies, all cases of stenosis were endoscopically
confirmed, and all required tracheotomy. If, how-
ever, one includes patients with endoscopically con-
firmed laryngeal injury who are asymptomatic or
who do not require surgical intervention, the in-
cidence of complication will be higher.*-*°

A number of risk factors involved in the develop-
ment of intubation-related laryngeal pathology have
been addressed in other studies.*”-** These risk fac-
tors are listed in Table 5. This list excludes a number
of risk factors that were important in the past but
which have now been eliminated. For example, red
rubber endotracheal tubes, which caused significant
laryngeal injury, have been replaced by the less re-
active polyvinyl chloride tubes. Currently used
tubes are of uniform diameter as opposed to the
Cole tubes, which tapered down in size as one pro-
gressed along the tube from distal to proximal. The
tapered design has been felt to increase the risk of
laryngeal trauma when used over prolonged peri-
ods.* Also, endotracheal tubes are no longer reused,
as it has been found that toxic residues are formed
when polyvinyl chloride tubes are exposed to the
ethylene oxide gas used for resterilization.*

The most common underlying disease associated
with acquired subglottic stenosis is IRDS, which is
occasionally referred to as hyaline membrane dis-
ease. Hawkins* has published an extensive review of
this disorder from the perspective of an otolaryngol-
ogist. A separate clinical pattern of IRDS has also
been seen in infants with little or no hyaline mem-
brane disease and is thought to be related to prema-

TABLE 5. FACTORS INCREASING RISK OF NEONATAL
ACQUIRED SUBGLOTTIC STENOSIS

Underlying systemic disease

Low birth weight (=< 1,500 g)

Endotracheal tube size

Piston action of ventilatory circuit, tube motion
Traumatic intubation

Multiple intubations

Infection

Duration of intubation

turity.'® Chronic lung disease with poor pulmonary
compliance may follow in either situation and is
labeled bronchopulmonary dysplasia or chronic pul-
monary insufficiency of prematurity depending on
the antecedent clinical pattern. The pathophysiolo-
gy responsible for these two forms of chronic lung
disease in infants is not known, but may be related
to the combination of oxygen, positive pressure,
duration, and immature pulmonary status.

The severity of chronic lung disease may have an
important role in the development of acquired sub-
glottic stenosis in neonates. Poorly compliant lungs
frequently require long-term mechanical ventilation
at high peak airway pressures in order to maintain
oxygenation. It is possible that air leaks around ap-
propriately selected tubes will lead some to switch
to the next larger tube size in order to maintain de-
sirable peak pressures in this situation. The trade-
off is improved oxygenation for a much greater
chance of mucosal injury with tight-fitting tubes.

The use of excessively large endotracheal tubes
will certainly increase the risk of subglottic stenosis.
Guidelines for endotracheal tube sizes in children
are often based on the age of the patient.!” In new-
born infants, more accurate predictions of appro-
priate tube size may be based on body weight
(Table 4). The absence of an audible air leak during
mechanical ventilation is indicative of an excessive-
ly large tube. Large tubes may also exaggerate the
amount of injury that may result from tube motion
transmitted from the ventilator. A significant
amount of tube motion can be controlled by careful
stabilization with tape and by the application of el-
bow restraints to prevent self-extubation.

Low birth weight (<1,500 g) appears to be a
very important determinant of susceptibility to ac-
quired subglottic stenosis. This has been noted by
other investigators as well.!? There are two possible
explanations for this, with the obvious one being re-
lated to the small size and more delicate structure of
the airway. Another is the relationship between
very low birth weight and pulmonary immaturity
with its associated need for ventilatory support.

Traumatic intubation has been previously cited
as a risk factor for subglottic stenosis, although it
was an infrequent problem in this study.!**s It is
possible that technically difficult intubations are
poorly documented in hospital records. However,
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one would expect that, if indeed traumatic intuba-
tion were a major cause of irreversible laryngeal in-
jury, this complication might be seen more fre-
quently with shorter durations of intubation. On
the other hand, the need for multiple intubations
was an important factor in this study, therefore sug-
gesting that the trauma of repeated intubation may
play a role in the development of subglottic stenosis.
It should be noted, though, that multiple intuba-
tions are seen more frequently with longer dura-
tions of intubation, and therefore the relative signif-
icance of this factor is not clear. In any event, it is
apparent that a policy of routine tube changes at
predetermined time intervals is not necessary, pro-
viding sufficient humidification and intensive nurs-
ing care is available. Occasionally mucous plugs or
self-extubations will necessitate the replacement of
an endotracheal tube. However, the majority of re-
intubations seen at Columbus Children’s Hospital
are required because of failed extubation.®

The importance of infection as it relates to ac-
quired subglottic stenosis is not entirely clear. Previ-
ous studies from this institution have supported the
use of nasotracheal intubation in croup and epiglotti-
tis, as it has been shown to be associated with fewer
severe complications than tracheotomy.'® Subglot-
tic stenosis following short-term intubation in these
settings has been infrequent. Local and chronic in-
fection following traumatic mucosal injury may,
however, play a secondary role in the process of scar
formation in the larynx.*-**

The factor most frequently implicated as playing
a major role in the development of acquired sub-
glottic stenosis in the neonate has been labeled pro-
longed intubation. Opinions vary, however, regard-
ing the definition of this term. Prior to the use of
polyvinyl chloride tubes, the incidence of intuba-
tion-related stenosis was found to be quite high
after 72 hours.*® In 1980, Conner and associates*
reported an incidence of acquired stenosis of 0.7 %
(1/134) for surviving infants who required intuba-
tion for 72 hours or longer. In our study, the inci-
dence of subglottic stenosis after 3 or more days of
intubation was 2.0% . If one additionally excludes
patients intubated for greater than 50 days, the in-
cidence of stenosis was 0.4 % (Table 3).

Fan and associates'® reported their prospective
study of risk factors for neonatal acquired laryngeal
injury in 1983 and found duration of intubation of 7
days or more to be significant. In that study, postin-
tubation injury was found in 94 %, with 9% de-
scribed as having major injury. It should be noted,
however, that no mention is made of the need for
surgical intervention as treatment of these compli-
cations. In contrast, clinically significant stenosis
was defined as the need for tracheotomy in patients
who no longer needed ventilatory support in this
study from Columbus Children’s Hospital. While
the incidence of stenosis in all infants intubated for

7 days or more was 4.5% (5/112), if one excludes
those intubated more than 50 days, the incidence
drops to 1% (1/104).

Ratner and Whitfield'? reported an incidence of
acquired stenosis of 1% in 1,767 surviving infants
who had been intubated. In that study, the mean
age at which subglottic stenosis was first clinically
suspected was 7.6 weeks. Those results correspond
to the findings in this study, as the average duration
of intubation for infants diagnosed as having sub-
glottic stenosis was 56 days. It is inevitable that
some physicians recommend that the endotracheal
tube be exchanged for tracheotomy when ventilatory
support is required beyond a specified period in an
attempt to avoid the complication of subglottic ste-
nosis. Pickard and Oropeza' advised tracheotomy in
infants who would require respiratory assistance
beyond 12 to 24 hours. There is clearly no support
for this recommendation at present. Gibson and
Byrne? advised that tracheotomy be performed at
72 hours if ventilation were necessary beyond that
time. Heroy and associates® recommended that tra-
cheotomy be performed when ventilatory support
was required beyond 7 days.

The results of this study indicate that duration of
intubation is not as important a risk factor for the
development of acquired subglottic stenosis in neo-
nates as was previously thought. It is apparent that
infants can tolerate endotracheal intubation for
many weeks with little risk of laryngeal injury, pro-
viding other factors are minimized by intensive
medical and nursing care. While the risk of severe
complications from tracheotomy in the neonate has
been reduced significantly, it is still a formidable
procedure in a small infant. Therefore, performing
tracheotomies in newborn infants solely on the basis
of prolonged intubation is not recommended.

Tracheotomy at Columbus Children’s Hospital is
performed for those infants who no longer require
ventilation yet repeatedly fail attempts at extuba-
tion. With the introduction of the anterior cricoid
split procedure, it is possible that even those infants
who fail extubation may be spared a tracheotomy.**
It is, however, not exactly clear how long conserva-
tion management of acquired airway stenosis should
be tried before a physician needs to intervene surgi-
cally. The earlier report from this institution dem-
onstrated that not all cases of failed extubation be-
cause of airway obstruction require surgery.® Some
may be treated by reintubation and steroids with
subsequent successful extubation. Others may re-
main extubated and be managed by cool mist, oxy-
gen, etc. Therefore, the indications for surgical in-
tervention in cases of intubation-related laryngeal
injury, be it tracheotomy or anterior cricoid split,
need further study.

CONCLUSIONS

1. Risk factors identified in recent literature as be-
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ing involved in the development of acquired sub-
glottic stenosis in neonates have included infec-
tion, underlying pulmonary and systemic disease,
low birth weight, endotracheal tube size, trau-
matic intubation, multiple intubations, duration
of intubation, and ventilator-transmitted tube
motion.

2. This study has identified low birth weight, mul-
tiple intubations, and duration of intubation be-
yond 50 days as important factors associated with
intubation-related laryngeal stenosis in infants.

3. The decision to replace endotracheal intubation
with tracheotomy should not be based solely on
duration of intubation in the neonate.
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THREE-YEAR EXPERIENCE OF TREATING RECURRENT
RESPIRATORY PAPILLOMA WITH INTERFERON
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This paper presents the 3-year follow-up of the original 19 patients with recurrent respiratory papilloma treated with exogenous alpha
human leukocyte interferon (a-IFN) at the University of Iowa. Two patients were dropped from the study because of poor patient com-
pliance, and one was lost to follow-up. After approximately 1 year of a-IFN treatment, five patients were clear, and the rest continued to
have disease: seven mild, two moderate, and two severe. A second course of a-IFN was administered to eight patients, all of whom had a
decrease in the volume of the papilloma. The reduction in anatomic distribution was variable. During the observation period all patients
either cleared (50%), improved (25%), or continued with severe disease (25%). In summary, the response of recurrent respiratory
papilloma to a-IFN therapy is dramatic in some patients and slight in others.

KEY WORDS — interferon, recurrent respiratory papilloma.

INTRODUCTION

Recurrent respiratory papilloma (RRP) has been
termed the most common benign proliferative le-
sion of the pediatric larynx.'-* Although there are
only 1,500 new cases diagnosed each year,* the mor-
bidity and potential mortality are significant in
those affected. The severity of the disease fluctu-
ates, and recurrence is the rule.®

Therapeutic goals are directed toward airway
maintenance and vocal function. Both surgical and
medical treatments have had limited success in con-
trolling the disease. Surgical ablation of papilloma
with biopsy forceps, cryotherapy,® diathermy,’
electrofulguration,’ ultrasound,® and, most recent-
ly, the carbon dioxide laser® may maintain the air-
way for a variable length of time. The poor surgical
cure rates prompted chemotherapeutic trials with
hormones,®*° steroids,* podophyllin,'? antibiotics,?
antimetabolites,’* and cytotoxic drugs.* These
medical treatments have also had little long-term
success.

A substantial body of information now indicates
that RRP is caused by a viral infection. The likely
cause is several varieties of the human papovavi-
rus.'s->* The recognition that RRP was caused by a
virus started the search for an antiviral therapeutic
agent. Alpha human leukocyte interferon (a-IFN)
has known antiviral and antiproliferative proper-
ties. In 1981, Hagland et al*® reported encouraging
results in controlling RRP with -IFN. One year
later, Goepfert et al*® reported similar findings.
Both pilot studies used «-IFN prepared in Finland.
McCabe and Clark®’ reported additional encourag-
ing results in a third pilot study using a similar

o-IFN prepared by another source, the New York
Blood Center, Inc. However, long-term follow-up
of these patients has not been available.

This report will focus on a 3-year follow-up of the
17 patients reported in the Iowa study.?” The effect
on the anatomic and volumetric distribution of the
papilloma will be discussed.

METHODS

Seventeen patients were enrolled in the original
pilot study. All patients required endoscopy more
frequently than once every 3 months and had biop-
sy-proven papilloma. The papilloma was superfi-
cially removed with the CO2 laser to maintain the
airway throughout the study period. Endoscopy
was performed at 3- to 4-month intervals in all the
patients treated at Iowa. Seven of the patients were
treated at collaborating institutions.

The patients were treated with partially purified
(specific activity greater than 1 million units/mg of
protein) human leukocyte alpha interferon from the
New York Blood Center, Inc, and stored frozen un-
til reconstituted for injection. The units were de-
fined as the logarithm of the reciprocal dilution re-
quired to give 50 % cytopathology of cells in culture
(WISH amnion cells) when challenged with a vesic-
ular stomatitis virus, Indiana strain. The assay is
standardized against a reference a-interferon stan-
dard provided by the National Institutes of Health.
Two patients (Nos. 9 and 14) were given o-IFN pre-
pared by Schering during the second phase of their
treatment. This preparation is an o-IFN produced
by recombinant DNA technology.
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Fig 1. Diagnostic representation of true vocal cords. A)
Transverse lines divide airway into thirds. Anteroposterior
lines represent midline and half distance between midline
and true vocal cord, respectively. B) Anatomic distribution
of 8/12, or severe disease, and volumetric distribution of 3.

All patients were treated with an initial dose of 3
million units of «-IFN injected intramuscularly
three times a week by family members. The original
treatment period ranged from 52 to 72 weeks and
was followed by a variable observation period.
Those patients who progressed to severe disease dur-
ing observation were given a second course of
a-IFN, 5 million units/m?> on Mondays, Wednes-
days, and Fridays. All lesions were biopsy-proven
RRP prior to the second course of therapy.

Potential toxicity was monitored throughout the
study with a complete blood cell count (CBC) with
differential, platelet count, serum glutamic-oxalo-
acetic transaminase (SGOT), lactic dehydrogenase
(LDH), gamaglutamyl transaminase (GGT), vital
signs, weight, and height as outlined in the original
report.?’” Toxicity was defined as a drop in the WBC
~ count below 4,000/uL, platelet count below 75,000,
or SGOT greater than 100 IU/L.

Findings at the time of endoscopy were docu-
mented with drawings, photographs, and written
descriptions of the anatomic distribution of the pap-
illoma. During the second treatment period, a scor-
ing system was used to measure both anatomic and
volumetric distribution of the papilloma. The ana-
tomic scoring system was applied retrospectively to
the first treatment period.

The anatomic scoring system concentrates on the
larynx and divides each true and false vocal cord in-
to three equal segments (Fig 1A). A circumferential
lesion involving both true and false cords would
have 12 positive anatomic sites. If only one true
cord was involved, three anatomic sites would be
involved. One additional point was given for in-
volvement of the posterior commissure. Disease ex-
tending out of the larynx and into the trachea or
lungs was defined as severe disease. Involvement of
greater than eight twelfths, or two thirds of the lar-
ynx, was also considered severe disease. Moderate
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Fig 2. Anatomic severity at time of endoscopy. Frequency
of endoscopy can be seen on x axis. Endoscopies performed
when patient is on interferon are enclosed in brackets.

disease was defined as greater than four twelfths
but less than eight twelfths, or between one third
and two thirds of the larynx. Mild disease was de-
fined as involvement of less than four twelfths, or
one third of the larynx.

A system for estimating the volume of laryngeal
papilloma occluding the glottic airway was devised
by dividing the right and left halves of the glottis in-
to three equal parts. If the papilloma covers only
the vocal cords, with minimal extension into the
lumen, a value of 1 is assigned. If the papilloma ex-
tends to the midline, a value of 3 is assigned. In-
termediate extension is assigned a value of 2. The
volume occupied by the papilloma is calculated by
adding the value of the anterior two thirds of the
glottis to the posterior one third of the glottis and
dividing by two. The two halves are then added to-
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Fig 3. Area of glottis occluded by papilloma during second

course of interferon. Ordinate (volume) is arbitrary unit

used to characterize degree of airway occlusion. 6 — total

occlusion, 3 — 50% occlusion.

gether to arrive at a total score for volume of the
papilloma. Total occlusion of the airway would re-
sult in a value of 6, while obstruction of half of the
airway, regardless of site, would be assigned a value

of 3.

The anatomic distribution is classified as mild,
moderate, or severe disease, while the degree of
laryngeal obstruction caused by the papilloma is
assigned a value of 0 to 6. An example lesion and
score are depicted in Fig 1B. The numbering system
of the patients used in this report is the same used in
the original article.?’

RESULTS

Ten of the original 17 patients were followed
throughout their entire course at the University of
Iowa. One of the original 17 patients was lost to fol-
low-up. She was recently located, and her physician
noted recurrence requiring frequent endoscopy.

At the end of the initial treatment period, five pa-
tients were clear of disease by microlaryngoscopy,
seven continued to have mild disease, two had mod-
erate disease, and two had severe disease. The ana-
tomic distribution and frequency of endoscopy of
the patients is noted in Fig 2. At the end of the ini-
tial treatment period, two of the 17 patients showed
no decrease in the anatomic distribution of the pap-
illoma.

Four of the five patients (Nos. 1, 4, 6, 11) who
were clear of disease at the end of the first treatment
period remained clear of disease. Patient 16 had a
mild recurrence during the observation period but
subsequently underwent spontaneous resolution
and remains clear.

Of the seven patients (Nos. 3, 5, 7, 8, 9, 12, 17)
with mild disease at the end of the first treatment
period, three (Nos. 7, 12, 17) underwent disease
resolution, possibly as a result of their tumor load
being reduced to a point where antibodies could
deal with what remained, and the remaining four
patients (Nos. 3, 5, 8, 9) continued with or pro-

gressed to severe disease. The four patients with
disease progression responded to a second course of
a-IFN therapy. One of these patients (No. 9)
cleared during treatment; three (Nos. 3, 5, 8) im-
proved to mild to moderate disease. Patient 3 fin-
ished the second course of therapy and continues
with severe disease.

Two patients (Nos. 2, 15) progressed from moder-
ate to severe disease and when treated with a second
course of a-IFN continued to have moderate to
severe disease. The two patients (Nos. 13, 14) with
severe disease did not respond to a second course of
o-IFN therapy.

A total of eight patients were treated with a sec-
ond course of o-IFN at a dose of 5 million units/m?.
Seven of these patients were followed throughout
their course at Iowa. The response of these patients
to the second course of therapy (Fig 2) was variable.
Four continued to have severe disease, one moder-
ate disease, and two mild disease, and one patient
actually underwent resolution for a short period of
time.

The system described for evaluating the bulk of
the laryngeal papilloma in the glottis was used to
evaluate the response of the seven patients followed
exclusively at Iowa. This system was not applied to
the first treatment period because it would have
been retrospective and lacking in validity. There
was a reduction in the voluine of papilloma during
the second treatment course, and the individual
results are shown in Fig 3. The average decrease in
the score of these seven patients was 2.6, or almost
half the area of the glottis.

Two patients manifested possible a-IFN toxicity.
Patient 3 had a persistently low platelet count, and
patient 15 had a low WBC count. The toxicity was
transient and dose-related.

DISCUSSION

This paper reports the long-term follow-up of the
17 patients enrolled in the o-IFN study at Iowa. It
was designed to be a pilot study and has all the
shortcomings common in phase-1 studies. The con-
trols were the patients themselves during the initial
observation period, the numbers were small, and
statistical analysis was difficult. However, several
trends are noteworthy and provide impressions
which warrant careful evaluation in other clinical
trials.

The authors agree with reports in the literature®
that the CO2 laser is an important treatment mo-
dality for maintaining a patent airway. The laser
was used to debulk the papillomatous tissue, with
care not to invade the underlying normal tissue.

Two key areas should be considered we feel in re-
porting the effect of a-IFN on papilloma growth.
One is the change in anatomic distribution of the
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papillomas, and the other is the change in bulk or
volume of the papilloma occluding the glottic air-
way. The latter is closely related to the degree of
airway obstruction. The scoring system presented
here attempts to quantify the anatomic distribution
and volume of the papilloma in the airway.

There is a reduction in the anatomic distribution
of the papilloma in most patients treated with -
IFN. The response is variable and not predictable.
It is interesting to note that all but one patient (No.
16, who ultimately cleared) either cleared or pro-
gressed to severe disease after the first course of
a-IFN therapy. The patients who cleared during
treatment remained clear. Patients who continued
to have moderate or severe disease during the initial
treatment had little or no response to the second tri-
al of o-IFN. It was impossible to predict the disease
course during observation or the second treatment
period in those patients with a partial (mild) re-
sponse. No general relationship was noted between
the initial severity of the disease and the ultimate
response.

The volume of laryngeal papilloma, occluding
the airway, decreased in all but one patient (No. 15)
treated with a-IFN. The numbers available for an-
alysis were small, and the analysis was used only in
patients treated with a second course of o-IFN. Pa-
tient 15 had an initial reduction and then a signifi-
cant increase in the volume of laryngeal papilloma.
The increase in papilloma volume corresponded to
a reduction in the o-IFN dose, necessary because of
an unacceptably low WBC count.

The interval between endoscopies decreased dur-
ing the treatment periods (Fig 2). It is difficult to
assess how long some of the patients could have
gone without endoscopy, because most patients
underwent endoscopy at 3-month intervals to docu-

ment the extent of disease and to treat residual
papilloma with laser therapy, regardless of the
status of their airway.

Two patients manifested toxicity severe enough
to warrant a decrease in the o-IFN dose. In both,
toxicity was related to bone marrow suppression, ie,
decreased WBC and platelet counts. The toxicity
was transient and dose-related. The long-term ef-
fects of a-IFN treatment is not the subject of this
paper; however, the authors have found that pa-
tients with RRP severe enough to warrant treatment
with «o-IFN do not follow the expected growth
velocities for their age and sex. It is not known if the
growth suppression is secondary to RRP or to o-IFN
therapy.

In summary, the response of RRP to a-IFN thera-
py is mixed, but generally positive. Five of the 17
patients studied were clear at the end of the first
course of treatment. One of these patients had
recurrence but then cleared without additional
treatment. Three additional patients cleared during
observation and another is clear during the second
course of treatment. In all, 50% of the children
cleared during 3 years of evaluation. Most of the
children in the study had severe disease. Thirty-six
percent of the children with severe disease cleared.
Of the nine remaining children, one was lost to
follow-up during the observation period, and eight
remain on o-IFN. Of the eight patients currently on
or who have completed a second course of o-IFN,
one is clear, two have mild, one has moderate, and
four continue to have severe disease.

There are two multicenter trials currently evalu-
ating the effectiveness of o-IFN therapy in treating
RRP. It is hoped that their results will further eluci-
date the effectiveness of o-IFN as a therapeutic mo-
dality.
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NEW TECHNIQUE OF SOFT PALATE RECONSTRUCTION
USING A HYPOPHARYNGEAL MYOMUCOSAL FLAP
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Large defects of the soft palate after resection of palatal tumors interfere with normal velopharyngeal function for speech and
swallowing. Prosthetic management may fail to restore satisfactory function because of inadequate oronasal separation resulting in a leak
of air and fluid into the nasopharynx and nose. In order to solve this rehabilitation problem, we developed an operative method for im-
mediate repair of the entire soft palate using a superiorly based myomucosal flap obtained from the posterior pharyngeal wall through a
lateral pharyngotomy approach. The flap pedicle is tubed to line the raw oral surface and leave choanae bilaterally. Patients had successful
restoration of velopharyngeal function with normal speech, swallowing, and nasal breathing.

KEY WORDS — lateral pharyngotomy, myomucosal flap, reconstruction, soft palate, velopharyngeal function.

Subtotal resection of the soft palate is defined as
the removal of a major part of the palate, not in-
cluding the hard palate anteriorly and the faucial
pillars posterolaterally. The resulting defect pro-
duces velopharyngeal dysfunction because of the
loss of separation between the oropharyngeal and
nasal cavities necessary for normal speech produc-
tion and swallowing.

The reconstruction of soft palate function pre-
sents a completely different challenge than defects
of the hard palate present.’ Rehabilitation of the
patient can be achieved by prosthetic management,?
but this may be a difficult task for the maxillofacial
prosthodontist, and a satisfactory result cannot al-
ways be obtained, since a watertight fit and adher-
ence of the prosthesis to a dynamic (rather than a
static) anatomic structure is difficult. Inadequate
oronasal separation leads to leakage of air and fluid
into the nasal cavity, which is uncomfortable for

~ the patient and reduces speech intelligibility.

In order to solve this problem, we have developed
an operative method facilitating immediate repair
of the soft palate that uses a superiorly based myo-
mucosal flap obtained from the posterior pharyn-
geal wall.

INDICATION

Most of the minor salivary gland tumors of the
soft palate tend to remain localized even though
they may grow to a large size. They do not respond
well to radiation therapy, and surgical resection is
the treatment of choice. The extent of resection de-
pends on the biological behavior and size of the tu-
mor. Most cases of pleomorphic adenoma or well-
differentiated mucoepidermoid tumor can be

treated by careful surgery preserving a portion of
the palatal musculature and the mucosal lining of
the nasal surface of the palate, which may allow the
restoration of velopharyngeal function by simple
closure of the defect. However, in patients with
very large or recurrent pleomorphic adenoma or
carcinoma, subtotal resection of the soft palate is in-
dicated as a primary modality of therapy. Over the
past 10 years, we have treated 11 of these tumor
cases: three large primary and two recurrent ple-
omorphic adenomas, three adenocarcinomas, two
adenoid cystic carcinomas, and one poorly differen-
tiated mucoepidermoid tumor.

In the rehabilitation of these patients, six were
treated by prosthetic restoration with unsatisfactory
results because of leakage of air and fluid into the
nasal cavity. The other five patients had flap
reconstruction, and all of them eventually obtained
excellent velopharyngeal function and normal nasal
breathing. The surgically reconstructed patients in-
cluded a 25-year-old woman with adenocarcinoma,
a 47-year-old woman and a 63-year-old man with
recurrent pleomorphic adenomas, a 48-year-old
man with adenoid cystic carcinoma, and a 65-year-
old man with a large primary pleomorphic ade-
noma.

OPERATIVE TECHNIQUE

Tracheotomy. The operation is performed under
general anesthesia with intubation through a tra-
cheotomy. The tracheotomy is mandatory to facili-
tate approach to the posterior pharyngeal wall and
to forestall the respiratory distress due to edema of
the arytenoids that is observed in every patient post-
operatively.

From the Department of Otolaryngology, School of Medicine, Keio University, Tokyo.
Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 4-5, 1986.
REPRINTS — Yasushi Murakami, MD, Dept of Otolaryngology, School of Medicine, Keio University, 35 Shinanomachi, Shinjyuku-Ku, Tokyo, 160 Japan.



Murakami et al, Soft Palate Reconstruction

Fig 1. Subtotal soft palate resection. A) Large defect
of soft palate after removal of recurrent pleo-
morphic adenoma. B) Diagram showing transec-
tion along dotted line.

Subtotal Soft Palate Resection. Anteriorly, the
full thickness of the soft palate adjacent to the hard
palate is horizontally transected by sharp dissection
with a scalpel. Further transection extends postero-
laterally along the border of the hard palate and
may include a portion of the posterior maxillary
alveolus, depending on the extent of the tumor.
Thus, the resulting defect includes most of the soft
palate (Fig 1).

Elevation of Myomucosal Flap. The hypopharyn-
geal cavity is exposed using a lateral pharyngotomy
approach through a horizontal skin incision just
below the level of the thyroid notch. For this pur-
pose, we prefer to resect the superolateral one third
of the thyroid ala and enter the cavity by a vertical
incision through the anterior portion of the lateral
wall of the pyriform sinus. The internal branch of
the superior laryngeal nerve must be left intact.
This incision provides sufficient exposure of the
posterior hypopharyngeal wall extending superiorly
to the oropharynx (Fig 2A).

A superiorly based myomucosal flap is designed
on the posterior pharyngeal wall. The distal end of
the flap is at the level of the arytenoids, and the
width of the flap is that of the entire posterior pha-
ryngeal wall (Fig 2B). At the margins of the flap,
the incisions extend through both mucosal and mus-
cular layers to the prevertebral fascia. The myomu-
cosal flap is elevated superiorly along the underly-
ing fascia to the oropharynx (Fig 2C). Hemorrhage
from the donor alae is easily controlled by electro-
cautery using a bipolar hemostat. Without grafting
a piece of skin to the donor defect, the hypopharyn-
geal cavity is closed primarily in layers with inter-
rupted fine nylon sutures (Fig 2D). At this time the
elevation of the distal two thirds of the flap is com-
pleted.

Using a transoral approach, further elevation of
the flap from the posterior oropharyngeal wall is
continued until the flap reaches the posterior
margin of the hard palate without tension.

Palatal Reconstruction. The distal edge of the
elevated flap, with the mucosal surface up, is
sutured to the remaining soft tissue of the nasal sur-
face of the hard palate. The initial suture is placed

rupted nylon sutures, closing the palatal defect with
mucosa lining the nasal surface. The flap must not
be sutured to the posterior faucial pillar, as the
nasopharyngeal cavity is nearly completely sep-
arated from the oropharyngeal cavity, which pre-
vents nasal breathing. The margins of the remain-
ing flap pedicle are sutured together with four or
five interrupted sutures, creating a myomucosal
tube and thus providing mucosal lining for the oral
side of the flap. This also creates lateral choanae for
restoration of normal nasal breathing (Fig 3).

To prevent scar contraction that may result in an
excessively wide choana with velopharyngeal in-
competence, the remaining, rhomboid shaped, oral
raw surface adjacent to the hard palate is covered
with mucosa using a mucoperiosteal flap pedicled
by a neurovascular bundle of the greater palatine
artery and obtained from the anterior part of the
hard palate (Fig 4).

A nasogastric feeding tube is inserted, and the use
of a tracheal cannula eliminates the danger of air-
way obstruction by hemorrhage or excessive edema.

POSTOPERATIVE CARE AND
FUNCTIONAL RESULT

Postoperative care is relatively simple and easy.
The wound in the oral cavity must be cleaned by
frequent suction of saliva and postnasal discharge.
Antibiotics in adequate amounts prevent wound in-
fection, and we have never experienced a salivary
fistula in the neck. The flap heals very well without
a high incidence of necrosis and dehiscence. There
were no serious complications; however, all five pa-
tients developed severe edema in both arytenoids
and remaining hypopharyngeal mucosa. Patients
were permitted to take liquids on the tenth post-
operative day; however, leakage into the nasal cavi-
ty was commonly observed. This was most likely
caused by difficulty in swallowing through the nar-
rowed and edematous hypopharyngeal cavity. The
edema usually persisted for about a month post-
operatively. By the end of 5 postoperative weeks,
patients gradually were able to swallow foods and
breathe through the nose as the edema subsided. It
was not possible to remove the nasogastric feeding
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tube and tracheal cannula until that time. Normal

velopharyngeal function with excellent speech,

swallowing, and nasal breathing were successfully

restored at the end of 2 postoperative months and

were well maintained even after the period of scar
- contraction (Fig 5).

The donor defect in the posterior wall crusted for
a short period like the wound following tonsillec-
tomy, but was eventually epithelialized by normal
mucosa with minimal scar contracture, resulting in
a sufficiently wide hypopharyngeal cavity.

DISCUSSION

A well-designed soft resin obturator that extends
posteriorly from a dental prosthesis occluding the
defect after subtotal resection of the soft palate may
be effective for separating the oropharynx from the
nasopharynx. This type of obturator is similar to
that used for patients with cleft palate. The space
between the obturator and the lateral and posterior
pharyngeal walls allows nasal breathing but must
be sealed to separate these cavities by the superior
pharyngeal constrictor muscle.! Clinically, a water-
tight fit and adequate retention of the prosthesis is
extremely difficult, even with cooperative consulta-
tion with the prosthodontist. This is especially true

Fig 2. Elevation of myomucosal
flap. A) Hypopharyngeal cavity
exposed by lateral pharyngotomy,
revealing marginal structures of
larynx and posterior hypopharyn-
geal wall. B) Superiorly based flap
using entire breadth of posterior
hypopharyngeal wall. C) Myomu-
cosal flap elevated along preverte-
bral fascia upward to oropharynx.
D) Hypopharyngeal cavity closed
primarily without grafting skin to
donor defect.

in edentulous patients. Frequent modification and
minor correction of the obturator and its parent
prosthesis are mandatory for several months as heal-
ing of the defect progresses, otherwise they may
cause contact ulceration of the neighboring mucosa
or, conversely, result in incomplete oronasal separa-
tion. This is a very real problem for both physicians
and patients. '

Surgical repair of the defect is thus recommended.
A small pharyngeal flap is often utilized for patients
with cleft palate in association with a push-back
operation.*¢ The flap obtained by the oral ap-
proach can effectively bridge a short aperture be-
tween the posterior pharyngeal wall and the soft
palate, but can never be adequate for reconstruc-
tion of the entire soft palate. Larger regional flaps
such as the forehead flap,’ the deltopectoral flap,®
or the cervical skin flap® are available for larger de-
fects in the oral cavity, but they are not recom-
mended for this purpose because they are too bulky
for the defect and difficult to introduce into the oral
cavity. A posteriorly based midline tongue flap pro-
cedure'® may be performed in stages, but we prefer
not to diminish tongue function because the use of a
substantial part of the tongue may contribute to
further velopharyngeal incompetence.
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In order to resolve the problems with this
surgery, we developed a new reconstructive method
that uses a superiorly based myomucosal flap ob-
tained from the posterior hypopharyngeal wall. We
first used the procedure in 1980 for a patient with
recurrent pleomorphic adenoma in the soft palate.*!
In 1982, Birt and Gruss'? reported three successful
reconstructions of the soft palate with a similar
flap. They used an extended pharyngeal flap for the
reconstruction of the palatal defect after commando
excision of oropharyngeal cancer in combination
with the pectoralis major myocutaneous flap. Har-
vesting the flap directly through a large wound af-
ter hemimandibulectomy, they used the flap as a
flat plate and grafted a piece of meshed skin onto
the entire raw surface of the flap and the donor
defect. Theirs is the first report on the use of the ex-
tended pharyngeal flap, but it did not describe how
they made the choana and how the patient could re-
store normal nasal breathing.

The flap has an abundant blood supply from
branches of the ascending pharyngeal, facial, and
maxillary arteries and is dependable enough to be
designed as an axial pattern myomucosal flap. To
obtain a large flap sufficient for reconstruction of
the entire soft palate, the distal end must be at a
level just behind the arytenoids and so cannot be
reached by the oral approach, no matter what kind
of tongue retractor is used. The width of the soft
palate is almost equal to that of the posterior
pharyngeal wall, and the flap must encompass the

Fig 4. Reconstructed palate. A)
Raw surface of flap adjacent to
hard palate covered with vascular
pedicled mucoperiosteal flap. B)
Diagram of reconstruction.

Fig 3. Palatal reconstruction. A)
Flap transposed into defect and
anastomosed with remaining pal-
atal margins closing defect and
providing mucosal lining of nasal
surface. Remaining pedicle of flap
is tubed to provide mucosal lining
of oral surface and create choanae
bilaterally. B) Diagram of recon-
struction.

unsutured

\ margin

entire breadth of the posterior wall.

donor defect

The donor defect may be lined with a split-
thickness skin graft, but it can be re-epithelialized
in a short period, thus restoring a sufficiently wide
hypopharyngeal cavity with only minimum scar
contraction. Complete separation of the oropharyn-
geal cavity from the nasopharyngeal cavity may be
achieved by anastomosis of the flap with the full
length of the palatal defect and may interfere with
nasal breathing. For this reason, the pedicle of the
flap must not be sutured to the faucial pillar, thus
creating the choanae bilaterally. A mucoperiosteal
flap obtained from the hard palate provides a lining
for the raw surface on the oral side of the flap,
which is necessary for preventing scar contraction.

The technique is relatively simple, fast, safe, and
effective, and the patients receiving it can have
their normal velopharyngeal functions and normal
nasal breathing successfully restored. A patient
with adenoid cystic carcinoma underwent postoper-
ative radiotherapy, and the flap could tolerate a
total dose of 56 Gy.

The only disadvantage of our method is the need
for prolonged hospitalization. The patients cannot
swallow foods until edematous swelling of the
arytenoids and the remaining pharyngeal mucosa
gradually diminishes by the end of 5 postoperative
weeks. Nasogastric tube feeding and a tracheal can-
nula are thus necessary for a rather long time. It
seems most likely that the difficulty in swallowing

donor
defect

neurovascular
bundle
(greater palatine)

mucoperiosteal
flap
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Fig 5. Ten months after operation. Sufficient velopha-
ryngeal function with normal speech, swallowing, and
nasal breathing was maintained even after period of scar
contraction.

observed in these patients is mainly due to this
edematous swelling and to the inability of the mid-
dle pharyngeal constrictor muscle to propel food
through the pharyngeal cavity in the pharyngeal
phase of normal swallowing, as the central part of
the muscle forms a myomucosal flap. There is a

possibility that the flap may contain some inner-
vated fibers of the superior pharyngeal constrictor
and stylopharyngeus muscles and that the recon-
structed palate may act as a dynamic rather than a
static partition between the oropharyngeal and the
nasopharyngeal cavities.

CONCLUSION

We developed a new operative method for better
rehabilitation of patients with large defects after
subtotal resection of the soft palate. Five patients
with very large or recurrent pleomorphic adenomas
or carcinomas of minor salivary gland origin under-
went subtotal resection of the soft palate. The
defect was primarily repaired using a superiorly
based myomucosal flap obtained from the posterior
hypopharyngeal wall by a lateral pharyngotomy.
Excellent velopharyngeal functions with normal
speech, swallowing, and nasal breathing were suc-
cessfully restored in all patients. We conclude this
method is relatively simple and effective and has
many advantages over prosthetic management.
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INCIDENCE OF LARGE SACCULES IN LARYNGECTOMY SPECIMENS

DEREK BIRT, MB, FRCS(C)

TORONTO, CANADA

Over 300 instances of the association of laryngocele with laryngeal carcinoma have been reported in Europe, but only seven in North
America. In the present study, 353 serially sectioned total laryngectomy specimens were examined, and the saccules were measured with a
steel ruler.-Saccules extending superior or posterior to the thyroid cartilage were considered as large. Larynges were classified as cancer or
normal, the latter being uninvaded organs from patients with adjacent disease. Among the 242 cancer larynges, there were 43 specimens
where the saccule exceeded thyroid cartilage dimensions, a laryngocele rate of 17.8% . Mean saccule height was significantly greater in
cancer than in normal specimens in coronal sections (p = 0.04), and mean saccule length was significantly greater in cancer than in normal
specimens in horizontal sections (p = 0.001). The incidence of large saccules showed a difference between cancer and normal larynges that
was highly significant (p =0.0002).

KEY WORDS — laryngeal cancer, laryngocele, saccule.

INTRODUCTION four cases of coexisting carcinoma and laryngocele
The saccule, or the appendix of the laryngeal and went on to analyze 64 patients culled from the
ventricle, is present in the majority of human laryn- world literature. The references indicate that none
ges. An abnormally enlarged saccule is termed a la- of these 64 patients lived in North America, and
ryngocele, although there is disagreement over the Canalis dqes not refer to the three earlier case re-
precise definition of this term. A laryngocele may ports mentioned above.
occur in an apparently otherwise normal larynx but
has also been reported in association with several In Europe, however, several extensive investiga-
laryngeal disorders, particularly cancer. The Euro- tions have been performed. As early as 1941, based
pean literature, notably that from France and Italy, on radiographic studies, Cova, in Milan,® suggested
reports over 300 instances of this latter association, that inflation of the laryngeal saccule indicated in-
while only seven are recorded in the United States. filtration by tumor at the neck of the saccule. Meda*®
The bulk of the European cases was discovered in in 1952 reported six cases Of laryngocele among 650
the course of special studies (radiographic, macro- cases of laryngeal cancer. In four of these, the
scopic, and microscopic) investigating the frequen- diagnosis was on the basis of radiographs alone.
cy of laryngocele in patients with laryngeal cancer. Seven years later, Pietrantoni et al** enlarged the
No such Study has been performed in North Ameri- Milan series to 857 cases, in which they detected a
ca, and the author has, therefore, undertaken this laryngocele radiographically in 53 (six of these were
retrospective review of serially sectioned laryn- cases already reported by Meda). Other reports on
gectomy specimens to ascertain whether the appar- laryngocele and carcinoma based on radiographic
ent tendency for enlarged saccules to be present in studies were made from France in 1961 by Szigeti*®
association with laryngeal cancer is peculiar to and from Italy by Alajmo et al in 1964** and
France and Italy, or may be found elsewhere by Silvagni in 1965.% The most comprehensive studies
special search. to date were those of the group at the Institut
Gustav-Roussy, Villejuif, France,*!:5%5¢:¢” which has
LITERATURE REVIEW reported on a steadily increasing number of laryn-
The first report of the coexistence of a laryngocele gectomy specimens comparing laryngeal cancer
and laryngeal cancer was by Marschik in 1927. specimens with pharyngeal cancer specimens. All
Since then, there have been nearly 70 articles*®® in specimens were recorded by drawings and photo-
which the association is specifically addressed or re- graphs, and in each case the depth of the laryngeal
ported. Most of them are isolated case reports, and saccule was measured using a graduated stylette.
a striking feature is the paucity of reports on this The inferior measuring point of the stylette was not
particular topic from North America. Although the given, but external laryngocele was diagnosed if the
association is referred to by authors from Chevalier saccule extended through the thyrohyoid mem-
Jackson in 1947% to Holinger et al in 1978,” the brane. These authors reported in 1969% on 208 total
only case reports are those of Schall in 1944,° the in- laryngectomy specimens, among which there were
cidental finding of bilateral laryngoceles in a serial- 34 external laryngoceles (16 %), compared with 162
ly sectioned larynx with supraglottic carcinoma by pharyngolaryngectomy specimens, among which
Delahunty and Cherry in 1969, Cassady and Math- there were only two external laryngoceles (1.2%).
ur in 1973,%* and Canalis in 1976, who reported They then made a subset of laryngectomy speci-
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TABLE 1. REPORTED INCIDENCE OF LARYNGOCELE
IN LARYNGEAL CANCER POPULATION

No. of
Year of Laryngeal  Laryngocele
Author Study Cancer Cases (%)
Pietrantoni et al*® 1959 857 6.20
Szigeti®® 1961 512 6.10
Alajmo et al** 1964 342 9.90
Silvagni® 1965 624 4.20
Sesterhenn®® 1977 615 0.16
Micheau et al®’ 1978 546 18.00
Grzesiakowska et al®® 1982 626 1.90

mens by rejecting those in which they had found an
external laryngocele, those in which the ventricle
was obscured, or those in which they felt mea-
surement would be difficult because of excessive
destruction by tumor. This reduced the 208
specimens to 99, and these were compared with 80
pharyngolaryngectomy specimens, chosen because
the tumor was confined strictly to the pyriform
fossa without laryngeal invasion, according to the
stylette measurements of their saccules. The mean
depth for the laryngectomy group was 13.1 mm and
that for the pharyngolaryngectomy group 10.2 mm.
The difference of 2.9 mm was statistically signifi-
cant.*® By 1978 the numbers had increased to 546
total laryngectomy specimens, among which they
found 104 laryngoceles (18 %), and 360 pharyngo-
laryngectomy specimens, among which they found
eight external laryngoceles (2%). They felt that the
role of endolaryngeal cancer in the development of
laryngocele was confirmed.®’

In 1977, Sesterhenn®® in Cologne published a case
report. This was apparently the first laryngocele
discovered at his clinic in the course of 478 total and
133 partial laryngectomies, giving an incidence of
laryngoceles of 0.16 % . He stated that all laryngec-
tomy specimens were examined histologically, but
made no mention of serial sectioning. He stated,
without providing definitions, that he counted only
“true” laryngoceles and ignored saccules that were
simply enlarged. He included a table that demon-
strates various authors’ reported incidence of la-
ryngocele in the larynx cancer population. In 1982,
Grzesiakowska et al®® in Warsaw reprinted this
table (without seizing the opportunity to update the
Institut Gustav-Roussy material) and added 12
cases of laryngocele discovered on radiographic ex-
amination from among 626 cases of laryngeal car-
cinoma. With the updating mentioned above, this
material is presented in Table 1.

Sesterhenn®® reviewed the literature thorough-
ly*1:18:20.36.3 and discovered 276 patients with coex-
isting laryngeal cancer and laryngocele. With revi-
sion and updating, the list of cases reported now
numbers 336, and is ranked according to country of
origin in Table 2.

The figures presented thus far in the literature
suggest that the incidence of laryngocele in la-
ryngeal cancer is approximately 60 times greater in

TABLE 2. REPORTED CASES OF LARYNGOCELE
ASSOCIATED WITH LARYNGEAL CANCER

Country No. of Cases

Italy 157
France 123
Poland 12
Uruguay
United States
Germany
Holland
Spain

Austria
England
Chile
Hungary
Russia
Belgium
Total 336
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Italy or France than in North America. However,
most of the cases in each of those countries have
been found in centers that have developed protocols
specifically designed to search for laryngoceles,
either radiographically or by the anatomical and
histologic examination of laryngectomy specimens.
The author, therefore, entertained the hypothesis
that a systematic search among laryngectomy speci-
mens elsewhere would reveal hitherto unreported
cases of laryngocele and, further, would confirm or
contradict the French reports that in laryngeal
cancer patients the measured saccule depth is
significantly greater than in patients whose larynges
have been removed for reasons other than intrinsic
laryngeal carcinoma. This hypothesis was tested by
a study undertaken at the University of Toronto
Laryngeal Laboratory. The French study using a
graduated stylette could not be duplicated in the
absence of fresh specimens, and a retrospective
study of serially sectioned larynges was performed,
using a measuring technique that will be described
in detail.

MATERIALS AND METHODS

The Laryngeal Laboratory houses a collection of
serially sectioned larynges obtained from various
hospitals within the University. Each larynx has a
file recording the patient’s laryngeal illness and
treatment, together with a description of the spec-
imen and a detailed report of the histologic find-
ings. All the 495 specimens from 1966 through 1979
were reviewed by the author; eliminated from fur-
ther study were 30 specimens that had been sec-
tioned sagittally, 62 partial laryngectomy speci-
mens, and 39 total laryngectomy specimens that
had either had a previous partial laryngectomy or
been rendered unsuitable for the present study by
extensive biopsy harvesting prior to fixation. This
study, therefore, included 353 larynges, of which
244 had been sectioned coronally and 109 horizon-
tally. The larynx was recorded as normal if it
showed no significant invasion; normal larynges
had usually been removed from a patient with car-
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Fig 1. Normal coronal specimen
from patient with carcinoma of
left pyriform fossa. A) Bilateral
saccules (arrows) seen in continui-
ty with ventricles. B) Section pos-
terior to A but still anterior to vo-
cal process of arytenoid. Note bi-
lateral saccules (arrows) no longer
in continuity with ventricles.

cinoma of the hypopharynx, thyroid, or trachea
(Fig 1A). The other specimens were designated
cancer, and all had squamous cell carcinoma or ver-
rucous carcinoma of the larynx. Each larynx was
coded under the heading “primary site” to assist
data analysis and the reporting of results. Each
larynx was classified in one of ten categories after
review of the clinical and radiographic examination
recorded prior to initial treatment, as well as the
very full pathologist’s report on the operation
specimen (Table 3).

The dimensions of the saccule in each specimen
were measured using a hand-held x8 jeweller’s mag-
nifier and a stainless steel scientific ruler graduated
in half millimeters. A saccule was presumed only if
it was (at least in part) lined by respiratory epitheli-
um and goblet cells. A microscope was used if the
nature of the lining epithelium was in doubt. The
following measurements were made.

CORONAL SPECIMENS (FIG 2A)

Saccule Maximum Height. Saccule maximum
height was the largest vertical distance found be-
tween the horizontal plane of the upper surface of
the vocal cord (floor of the ventricle) and the
horizontal plane of the uppermost portion of the
saccule. Usually the highest point of the saccule lay
posteriorly in the larynx. Anteriorly the saccule
could always be found in continuity with the ventri-
cle, but as the sections passed backward, it ap-
peared as a separate structure, isolated in the tissue
of the supraglottic larynx (Fig 1B). The saccule
steadily rose within the larynx until it abruptly
vanished from the sections. By thus tracing the sac-
cule from the ventricle, by checking the epithelium
with the microscope, and by observing the con-
stantly present associated glandular tissue, there

was no difficulty in avoiding such pitfalls as
misidentifying the anterior limit of the pyriform
fossa as a dilated saccule.

Alar Maximum Height. Alar maximum height
was always measured on the same slide as the sac-
cule maximum height and was the distance between
the horizontal plane of the upper surface of the
vocal cord (floor of the ventricle) and the horizontal
plane through the upper limit of the thyroid alar
cartilage.

Saccule Maximum Width. The saccule maximum
width was the largest distance observed where emp-
ty saccule lumen lay between the two walls, ie,
without any projecting filiform fronds or infoldings
of the saccule wall, and was not necessarily mea-
sured on the same slide as the saccule maximum
height. The ruler was placed on each slide at right
angles to the plane of measurement of maximum
height and moved down over the saccule.

Saccule Maximum Length. Saccule maximum
length was calculated from the number of sections

TABLE 3. DISTRIBUTION OF SPECIMENS BY PRIMARY
SITE OF DISEASE

Specimen Coronal Sections Horizontal Sections
Normal 31 80
Glottic L 90 5
Glottic R 72 3,
Glottic B 6 1
Supraglottic L 14 8
Supraglottic R 19 9
Supraglottic B 3 1
Subglottic L 3 1
Subglottic R 5 i
Subglottic B 1 0
Total 244 109

B — bilateral.
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Fig 2. Diagrams showing A) saccule maximum height
(SACH), saccule maximum width (SACW), and alar max-
imum height (ALAH) as measured in coronal specimens.
B) Saccule maximum length (SACL), saccule maximum
width (SACW), and alar maximum length (ALAL) as
measured in horizontal sections. T — thyroid cartilage,
C — cricoid cartilage, H — hyoid bone, A — arytenoid
cartilage.

in which the saccule appeared. Most of the larynges
had been sectioned at 2-mm intervals. If the saccule
appeared in only one section, it was given a length
of 1 mm. If it appeared in two sections, it was given
a length of 2 mm. If it appeared in three sections, it
was given a length of 4 mm, if four sections 6 mm, if
five sections 8 mm, and so on. Occasionally larynges
had been cut at 1-mm intervals, in which case the
calculated length was adjusted accordingly. The
first 61 larynges had not been cut at accurate inter-
vals, and saccule lengths were not calculated for
those.

HORIZONTAL SPECIMENS (FIG 2B)

Saccule Maximum Height. The saccule maximum
height was calculated according to the number of
sections in which the saccule appeared, using the
same method as for the saccule length in the
specimens cut coronally.

Fig 3. Normal horizontal specimen from patient with car-
cinoma of upper esophagus invading right pyriform fossa.
Section above cord level shows bilateral saccules (arrows).

Saccule Maximum Width. The saccule maximum
width was measured as was width in the coronal
sections by placing the ruler over the slide at right
angles to the plane of measurement of maximum
saccule length and recording the greatest clear
width between the two walls of the saccule.

Saccule Maximum Length. Saccule maximum
length was measured in the long axis of the thyroid
alar cartilage and was the greatest distance ob-
served between two lines drawn at right angles to
the alar cartilage, the first through the posterior
limit of the saccule, and the other through the
region of the inner aspect of the junction of the two
alar cartilages anteriorly.

Alar Maximum Length. The alar maximum
length was measured on the same slide as the sac-
cule maximum length and recorded the distance be-
tween the anterior plane used for maximum saccule
length and a plane through the posterior limit of the
alar cartilage.

Thus it can be seen that for coronal specimens,
maximum saccule height and width and alar height
are direct measurements, and saccule length is
calculated, while for horizontal specimens, saccule
length and width and alar length are direct mea-
surements, and the saccule height is calculated. The
heights in the coronal specimens and the lengths in
the horizontal specimens are not precise mea-
surements of the saccule itself, the measurements in
each case being made from an adjacent, conve-
nient, easily identifiable point.

All measurements were recorded on a data sheet,
from which they were extracted, coded where ne-
cessary, and entered into the University computer
for analysis.

RESULTS

Available for study were 353 larynges, of which
244 had been sectioned coronally and 109 horizon-
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Fig 4. Cancerous coronal speci-
mens. A) Carcinoma of right vocal
cord with extension to floor of ven-
tricle and subglottis. Large bilat-
eral saccules (arrows) were noted
as laryngoceles in pathology re-
port. B) Carcinoma of right vocal
cord with subglottic extension.
Right saccule (arrow) clearly ex-
ceeds alar height, but had nc
been recorded as laryngocele.

tally. Among coronal specimens, 222 were from
men and 22 from women, and the mean age of the
patients at laryngectomy was 60.4 years (range 30
to 91 years). Among horizontal specimens, 77 were
from men and 32 from women, and the mean age of
these patients at laryngectomy was 57.9 years
(range 34 to 83 years). Among coronal sections, 213
were cancer specimens and 31 were normal, while
among horizontal sections, 29 were cancer speci-
mens and 80 were normal. The normal category in-
cluded larynges showing no significant invasion, for
example, those from patients with carcinoma of the
hypopharynx, thyroid, or trachea (Fig 3). The
distribution of the specimens with respect to the
primary site of disease is given in Table 3. There
were 177 glottic, 54 supraglottic, and 11 subglottic
primary sites.

LARYNGOCELES
In two cases, the report on the pretreatment

tomographs described an enlarged saccule sug-
gesting a laryngocele. No patient had been diag-
nosed clinically as having a laryngocele, no
laryngoceles had been discovered during the
laryngectomy operations, and none was found dur-
ing the macroscopic examination and drawing of
the specimen in the laryngeal laboratory. In 12
cancer specimens, including those showing laryn-
goceles by radiograph, the comprehensive final
report of the pathologist mentioned the presence of
a laryngocele as an incidental finding (Fig 4A). The
rate at which laryngoceles in association with
laryngeal carcinoma had been diagnosed in this
population, therefore, was 12 out of 242, or 4.9%.
None had been reported in the literature.

SACCULE MEASUREMENTS

In 19 larynges, no saccule was identified. In a
further six larynges, no left saccule could be found,
and in another 22, no right saccule was evident. In

TABLE 4. RESULTS OF SACCULAR AND ALAR MEASUREMENTS

Cancer Specimens

Normal Specimens

Measurement Coronal Section Horizontal Section Coronal Section Horizontal Section

Saccule max height

N 180 22 30 74

Mean 9.9 mm 4.32 mm 8.32 mm 3.63 mm

Range 3.0-20.5 mm 1.0-11.0 mm 2.75-16.5 mm 1.0-14.0 mm

SD 4.07 2.7 3.29 23l
Saccule max width

N 180 22 30 74

Mean 1.82 mm 1.29 mm 1.51 mm 1.49 mm

Range 0.2-14.0 mm 0.25-2.25 mm 0.5-5.5 mm 0.5-3.0 mm

SD 1.53 0.53 0.93 0.58
Saccule max length

N 146 22 10 74

Mean 4.15 mm 15.56 mm 3.15 mm 12.87 mm

Range 0.00-11.0 mm 10.5-28.5 mm 2.0-5.0 mm 8.0-21.0 mm

SD 2.25 4.0 1.1 3.04
Saccule max expressed as % of alar max*

N 180 22 30 74

Mean 66.36 % 51.61% 53.58 % 41.71%

Range 15.79%-156.96 % 33.42%-184.17% 22.96 %-122.32 % 29.39%-133.83%

SD 30.44 31.79 23.81 13.07

*Measurements in coronal sections are of maximum saccule height as % of maximum alar height. Measurements in horizontal sections are of maximum

saccule length as % of maximum alar length.
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TABLE 5. STATISTICAL TESTING VARIABLES

Wilcoxon 2
Student’s t Test Sample Test

Measurements t df p z p

Saccule maximum height

Coronal sections 2.02 208 0.042* 2.046 0.041
Horizontal sections 1.18 94 0.2387
Saccule maximum width
Coronal sections 1.08 208 0.283f
Horizontal sections 1.45 94 0.147f
Saccule maximum length
Coronal sections 1398 1540163
Horizontal sections  3.38 94 0.001* 2.719 0.007
Saccule maximum height as % of alar height
Coronal sections 192085 ((0-28% 2.421 0.016
Horizontal sections  2.15 94 0.032* 2.220 0.026

*Difference in mean saccule measurements was significant.
fDifference in mean saccule measurements was not significant.

coronal specimens, 10% of saccules from normal
larynges (6/56) exceeded 15 mm in height compared
with 16% in cancer specimens (59/367). The dif-
ference is not statistically significant. (Throughout
this paper, statistical significance is assumed where
p<0.05.)

The results of the measurement of the saccule
with regard to maximum height, maximum width,
and maximum length and with regard to saccule
height expressed as a percentage of the alar height
(a maneuver calculated to adjust for variations in
the size of the larynx such as variations due to sex)
are given in Table 4. The mean measurements in
the cancer group are greater than in the normal
group, with the single exception of the maximum
width in the horizontal sections. The difference in
the mean saccule maximum heights between cancer
and normal specimens is statistically significant in
coronal sections but not in horizontal sections. Dif-
ferences in saccule maximum width are not signifi-
cant. The difference in the mean saccule maximum
lengths between cancer and normal specimens is
statistically significant in horizontal sections but not
in coronal sections. The differences in the saccule
maximum heights expressed as a percentage of alar
maximum height between cancer and normal speci-
mens in coronal sections, and in saccule maximum
lengths expressed as a percentage of alar maximum
length between cancer and normal specimens in
horizontal sections, are both statistically signifi-
cant. The data were not normally distributed in
most instances and, therefore, a nonparametric
(Wilcoxon 2 sample) test was used to confirm the
validity of the t test where significant differences
were found (Table 5).

A multivariate discriminant analysis was per-
formed on the results from those specimens for
which all measurements were available. The pur-
pose of this was to determine the percentage ac-
curacy with which the category of the specimen
(cancer versus normal) could be predicted based on
the saccule variables of maximum height, length,

TABLE 6. DISTRIBUTION OF LARGE SACCULES
RELATIVE TO PRIMARY SITE

Larynges in Which
Either or Both
Saccules Exceeded

Primary Site N Alar Dimensions % of N
Normal 111 3 2.8
Glottic L 95 20 21.0
Glottic R 75 14 18.7
Glottic B i 2 28.6
All glottic combined 177 36 20.33
Supraglottic L 22 2 7.4
Supraglottic R 28 4 14.3
Supraglottic B 4 0 0.0
All supraglottic combined 54 6 1110
Subglottic L 4 0 0.0
Subglottic R 6 1 16.7
Subglottic B 1 0 0.0
All subglottic combined 11 It 9.99
All cancer combined 242 43 17.76
Total 353 46

Saccule maximum height in large saccules exceeded 100% of alar maxi-
mum height or saccule maximum length exceeded 100% of alar maxi-
mum length.

Difference between normal and all glottic combined is highly significant
(X*=16.648, df =1, p=0.0001).

Difference between normal and all cancer combined is highly signifi-
cant (X2=13.940, df=1, p=0.0002).

Difference between normal and all supraglottic combined is not signifi-
cant (X2=3.483, df=1, p=0.062).

and width. The computer program rejected as in-
discriminant the readings of length and width,
while utilization of height correctly predicted
cancer versus normal specimens 65% of the time. A
50% prediction would be no better than chance,
while the result of 65% indicates a weak tendency
toward the laryngeal saccule having greater height
in cancer specimens.

LARGE SACCULES

Further analysis was made to assess the incidence
of large saccules. For this purpose, these were de-
fined as those in which saccule maximum height ex-
ceeded alar maximum height in coronal sections,
and those in which saccule maximum length ex-
ceeded alar maximum length in horizontal sections
(Fig 4B). The distribution of these, relative to
primary site, is shown in Table 6.

A x? test was used to compare saccules smaller
than alar dimensions with saccules exceeding alar
dimensions. The difference observed between nor-
mal and glottic carcinoma specimens was highly
significant, and the difference between normal and
all cancer specimens combined was scarcely less
significant. However, the difference between nor-
mal and supraglottic specimens did not reach sta-
tistical significance (Table 6).

The side of the larynx where large saccules were
found, relative to the tumor primary site, is shown
in Table 7. In 17 of these 43 specimens, the large
saccule was bilateral, being, therefore, both ip-
silateral and contralateral to the tumor in each. In
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TABLE 7. SIDE OF ENLARGED SACCULE WITH RESPECT
TO PRIMARY SITE OF TUMOR

TABLE 8. DISTRIBUTION OF LARGE SACCULES
RELATIVE TO IRRADIATION

Saccule Tumor Tumor

Enlarged N  Ipsilateral  Contralateral Normal
Bilateral 19 17 17 2
Left 14 9 5 0
Right 13 i 5 1
Total 46

two instances the tumor was itself bilateral. Among
the unilateral large saccules, ipsilateral enlarge-
ments slightly outnumbered contralateral enlarge-
ments.

No significant difference in the numbers of large
saccules was found between patients that had been
irradiated and those that had not (Table 8).

DISCUSSION

It appears that the hypothesis stated earlier has
been justified. The special search mentioned has in-
deed revealed 12 hitherto unreported instances of
laryngoceles coexisting with laryngeal cancer, a
rate of 4.9%. The publication of these 12 cases
would promote Canada into third place in Table 2
after the study of only 242 larynges, but the number
can easily be manipulated by choosing different
definitions of laryngocele. The total given here is
that in which the diagnosis was recorded in the files
and was made, in each instance, by the pathologist,
with radiographic confirmation in two cases. On
the other hand, DeSanto’* has expressed the opinion
that the term laryngocele should be used only if the
patient has symptoms and a lump in the neck, how-
ever large the saccule happens to be. On that basis,
this study would have found no laryngoceles at all.
A further alternative, giving yet another result,
would be to accept that a saccule becomes a laryn-
gocele when it exceeds the limit of the alar carti-
lage. There were 43 such cases here, a laryngocele
rate of 17.8%. Clearly, these results would fit al-
most anywhere in Table 1, depending on the chosen
criteria, which, in any case, have not usually been
stated by the other authors represented. We do not
know if these unmatched groups are truly repre-
sentative of their country of origin, but one may
conclude tentatively that the incidence of large sac-
cules is broadly similar throughout the world and
that any attempt to identify a “laryngocele factor,”
acting only in certain countries and perhaps shed-
ding light on the pathogenesis of laryngeal cancer,
would likely be fruitless.

The results of measuring the dimensions of the
saccule in this study confirm the findings of Gerard-
Marchant et al,*® in that there was a significant dif-
ference in the mean maximum saccule height be-
tween larynges removed for laryngeal cancer and
larynges removed for other reasons such as pha-
ryngeal cancer. No additional information was ob-
tained from the measurement of saccule maximum
width, nor from the indirect values obtained by

Larynges in Which
Either or Both Saccules
N  Exceeded Alar Dimensions % of N

Cancer specimens
No irradiation 74 19 25.6
Irradiation 145 21 14.5
(X2=4.112, df = 1, Fisher’s Exact Test [2 Tail] p=0.06.)
Normal specimens
No irradiation 53 0 0.0
Irradiation 45 3 6.6
(X2=3.645, df = 1, Fisher’s Exact Test [2 Tail] p=0.09.)

Difference between irradiated and nonirradiated groups is not statisti-
cally significant in either cancer or normal groups.

In 36 specimens, radiation status was not clear; these specimens were
not included in Table.

counting the number of serial sections in which the
saccule appeared (length in coronal sections and
height in horizontal sections). However, in horizon-
tal sections, the mean saccule maximum length was
significantly greater in the cancer than in the nor-
mal specimens. It appears that saccule height in
coronal specimens and saccule length in horizontal
specimens are useful measurements of saccule size.
Cancer and normal specimens were also significant-
ly different when saccule height in coronal speci-
mens and saccule length in horizontal specimens
were expressed as a percentage of the alar height
and length respectively. According to Scott,”? the
ratio between alar and saccule height remains the
same in smaller female, as in larger male, larynges.

The mean saccule maximum height found here in
coronal specimens (cancer: 9.9 mm, normal: 8.32
mm) is less than that reported by Gerard-Marchant
et al (cancer: 13.1 mm, normal: 10.2 mm). This is
in spite of a possible selection factor that might have
produced a tendency in the opposite direction, in
that the author included all specimens, while
Gerard-Marchant et al excluded any specimen in
which they considered a laryngocele was present.
These authors do not give their lower measuring
point, but it can scarcely have been lower than the
present author’s choice of the plane of the upper
surface of the vocal fold, while had they chosen the
upper border of the ventricular recess, as did
Scott,”* they should have had smaller, rather than
greater, readings. The author’s material may have
shrunk during processing, although this tendency
would be resisted by the rigid alar cartilage.
Gerard-Marchant et al measured fresh specimens
before fixation, and possibly their technique using a
graduated stylette allowed each saccule to distort to
a slightly greater maximum height.

The finding that 10% of saccules in normal
specimens exceeded 15 mm in height is comparable
to other published figures, for example 7% by
Broyles,” 7.6% by Scott,”> 8% by Iversen,’* and
6% by Neumann and William.”s Although the
percentage exceeding 15 mm in height among the
cancer specimens was greater at 16%, the dif-
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ference was not statistically significant. However,
marked differences between cancer and normal
specimens became evident when only large sac-
cules, ie, those exceeding alar dimensions, were
compared. This selection of large saccules as abnor-
mal, and therefore suitable for study in this connec-
tion, harks back to Virchow’s original definition of
laryngocele,”® which has been regularly supported
ever since.”>””7® Researchers have always compared
the vertical height of the saccule to the upper
border of the thyroid alar cartilage. The author has
added the concept that the saccule may be consid-
ered abnormally large if it extends more posteriorly
than the thyroid alar cartilage when viewed in
horizontal sections. Breakdown of the counts of
large saccules by primary tumor site provides an in-
teresting point of comparison with the results of
Micheau et al,*” who found twice the frequency of
laryngocele among supraglottic tumor specimens
than in all cancer specimens combined, whereas
almost the opposite was found here. No immediate
explanation for this is apparent.

Virtually all the authors of papers on this topic
address the subject of etiology. With regard to la-
ryngocele generally, proposed mechanisms include
a steadily enlarging pulsion diverticulum on the one
hand, evidence for which is provided by Macfie’s
demonstration by radiographic techniques of asymp-
tomatic laryngoceles in 56 % of 94 bandsmen,”® and
the chance inflation of a congenitally large saccule
on the other, as suggested by Stell and Maran,®
who found that in only one out of 139 patients had
the laryngocele appeared after many years in a job
requiring blowing, while in two others it appeared
immediately on taking up a wind instrument. Lind-
say,®! after studying radiographs, had earlier con-
cluded that supraglottic closure is tighter than glot-
tic closure in the face of raised intratracheal
pressure, thus providing a mechanism whereby the
ventricle, and hence the saccule, may be exposed to
raised pressure during such activities as straining,
loud shouting, and glass blowing. He suggested that
raised intraglottic pressure was the exciting factor
in cases of laryngocele, but that “the occurrence of
laryngocele in young children and females and the
known occurrence of congenitally long appendices
of the ventricle suggests a congenital predisposition
as a basic factor.”

Speculation has also been published regarding
the method of development of laryngoceles in asso-
ciation with cancer. Marschik,! Cova,® and Meda'*
all suggested that distortion of the neck of the sac-
cule might create a one-way valve and hence infla-
tion of the saccule by retention of air. As Gerlings*
points out, however, that does not explain a bilater-
al laryngocele with a unilateral carcinoma, where it
seems easier to postulate that ventricular, and
hence saccule pressure, becomes raised due to dis-
tortion in the delicate balance of true and false cord
closure in the face of raised intratracheal pressure.

If laryngoceles occurred only as a result of ran-
dom inflation of a congenitally large saccule, with-
out any tendency of the saccule to be “pumped up”
to a larger size, the expected finding in this study
would be that there were just as many large saccules
“waiting to be filled” among the normal larynges as
in the cancer group. However, this was clearly not
the finding, and therefore the results of this study
support the opposite view, that progressive saccule
enlargement results from raised ventricular pres-
sure.

Logic, however, admits an alternate possibility,
which is that carcinoma might arise preferentially
in the lining epithelium of large saccules. Scott®?
found squamous metaplasia on the ventricular folds
and dysplasia on the vocal folds of randomly se-
lected autopsy larynges, but in the saccules he
found only inflammation, the degree of which did
not correlate with the saccule height. Micheau et
al®” describe squamous cell carcinoma developing
along, and more or less replacing, the epithelium of
the laryngocele in 55 out of their 104 specimens in
which carcinoma and laryngocele coexisted. The
author, who is not a pathologist, does not feel he
can address this point with authority in this essay. A
further study, jointly with the pathologist involved,
is almost complete and has included a detailed his-
tologic examination of all the large saccules and
those instances of apparent conjunction of saccule
and tumor in other specimens identified in the
course of the present study.

CONCLUSIONS

1. The association of laryngeal carcinoma and
laryngocele is under-reported unless such cases
are sought by special studies.

2. In this series of 242 laryngeal cancer specimens,
12 laryngoceles were recorded as an incidental
finding by a pathologist. However, the total
number of such larynges in which the saccule ex-
ceeded alar cartilage dimensions amounted to
43, or 17.8% of this sample.

3. There is a need to standardize the term laryn-
gocele so that the reported incidence in different
centers can be compared. The author recom-
mends that Virchow’s original definition, ie,
that laryngocele is diagnosed where the saccule
extends superior to the alar cartilage, be adopted
universally. It is further recommended that a
saccule extending posterior to the alar cartilage
also be diagnosed as a laryngocele.

4. Mean saccule height is significantly greater in
laryngeal cancer specimens than in larynges re-
moved for other reasons when coronally sec-
tioned specimens are measured.

5. Mean saccule length is significantly greater in
laryngeal cancer specimens than in larynges re-
moved for other reasons when horizontally sec-
tioned specimens are measured.
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6. The frequency with which the saccule exceeds
alar cartilage dimensions is significantly greater
in laryngeal cancer specimens than in larynges
removed for other reasons.

7. These findings might best be explained on the

basis that cancer disturbs the function of true
and false cord closure in the face of raised in-
tratracheal pressure and that elevated ventricu-
lar pressure is capable, in some instances, of
causing gradual inflation of the saccule.
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IMMUNOHISTOCHEMISTRY: HELP IN DIAGNOSIS OF
HISTOLOGICALLY AMBIGUOUS LESIONS OF THE HEAD AND NECK

ROBERT C. BONE, MD JAMES A. RoBB, MD

LA JoLLA, CALIFORNIA

Diagnostically useful antibodies have recently been combined with a glucose oxidase or peroxidase avidin-biotin assay system to pro-
vide immunologically specific information. Positive identification in situ of such entities as intracellular keratin, light chain im-
munoglobulins, and other selected immunologically recognizable entities is now possible. Case examples taken from material at the Scripps
Clinic Medical Group during the last several years is presented. Squamous cell carcinoma, large cell lymphoma, and other lesions from the
upper aerodigestive regions are included. The addition of this test to conventional, carefully performed microscopic analysis greatly
enhances the ability to distinguish among quite different, but histologically similar, processes.

KEY WORDS — cancer classification, glucose oxidase avidin-biotin assay, immunochemical assay, peroxidase avidin-biotin assay.

Now, probably more than ever, the accuracy of The reader is referred elsewhere® for a detailed
histologic diagnosis has assumed a pivotal place in biochemical description of the assay steps; however,
clinical medicine. Critical decisions, clinical, medi- a brief presentation follows. An appropriate cyto-
colegal, peer review, and quality assurance issues histochemical in situ antigen (eg, cytokeratin or
are often based to a large extent, if not entirely, on CEA) is selected for determination, and a rabbit an-
reports given to the attending physician or surgeon tibody is produced to create an antigen-antibody
by the pathologist. Thus, we are reminded daily by binding on the tissue section. Thereafter, a bio-
the pathologist of the need for precise, complete in- tinylated goat antirabbit antibody combines with
formation to accompany the specimen, and we of- the test material so that the rabbit antibody, earlier
ten push pathologists to the limits of discernment bound to the tissue antigen, now also binds to the
for the last detail of information available from an goat antirabbit antibody as well. The now localized
admittedly tiny piece of tissue, often obtained at biotin site is next available for linkage to the avidin-
significant expense and difficulty. biotin complex via attachment to avidin sites. Fi-

nally, the lattice is colorized with tetranitroblue tet-
razolium to produce a visual marker for the entire
antigen-antibody avidin-biotin complex, identifia-

Over the last several years, pathologists, immu-
nologists, and immunopathologists have attempted
to use the highly specific characteristics of immune

binding in a clinically useful setting. With this tech- ble by light microscopy.

nique, specific antigens (eg, proteins or glycopro-

teins) can be detected and used to classify the type Peroxidase avidin-biotin complex immunohisto-

of cancer with a certainty greater than that chemistry (Vector Labs) is used on formalin-fixed,

achieved with routine morphology and nonimmune paraffin-embedded tissues as previously described

special stains (Table).! elsewhere® to detect the presence of specific an-
tigens. The following antibodies are used: rabbit

GLUCOSE OXIDASE AVIDIN-BIOTIN (GAB) ASSAY anticallus keratin (J.A.R., 1:200), rabbit anticarci-

noembryonic antigen (Dako, absorbed, 1:1,000),
mouse anti-35BH11 cytokeratin (Enzo, ascites,
1:1,000), mouse anti-AE1 cytokeratin (Hybritech,
ascites, 1:1,000), rabbit antisalivary amylase (Nor-
dic, 1:600), rabbit antiorosomucoid (Dako, 1:100),
mouse antipanleukocyte antigen (Dako, 1:10),
mouse antivimentin (Dako, 1:10), rabbit anti-S100

Based on the preceding work of Sternberger? and
Hsu et al,® one of the authors (J.A.R.) has developed
an immunohistochemical test that incorporates the
high specificity of monoclonal antibodies with the
powerful binding affinity of avidin and biotin (one
of the strongest known to occur in biochemistry).

Additionally, the avidin-biotin reaction is allowed (Dako, 1:500), and rabbit anti-a-fetoprotein
to successively recur prior to the last phase of the re- (Dako, 1:100). All tissue, except that used for the
action, so that the original site of the immune reac- vimentin assay, is pretreated with 0.1% crude por-
tion is, in a sense, visibly “amplified” through crea- cine trypsin in pH 7.4 phosphate-buffered saline for
tion of a molecular complex, to permit conventional 60 minutes at room temperature before addition of
microscopic identification. primary antisera.

From the Divisions of Head and Neck Surgery and Otology (Bone) and Anatomic Pathology (Robb), Scripps Clinic and Research Foundation, La Jolla,
California.
Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 4-5, 1986.
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IMMUNOPROFILE OF CANCER TYPES
Keratins
Complex Simple
Callus 35BH11 AEI CEA AMY ORO PLC VIM S100 AFP
Carcinoma + + + + e b/ 0 0 0 0
Lymphoma 0 0 0 0 0 0 + + 0 0
Sarcoma 0 0 0 0 0 0 0 + of 0
Melanoma 0 0 0 0 0 0 0 +§ + 0
Hepatoma 0 + 0 0 0 0 0 0 0 +

Callus — antibody made against callus keratin, 35BH11 — antibody made against kepatic keratin, AE1 — antibody made against simple epithelial
keratin, CEA — carcinoembryonic antigen, AMY — salivary amylase, ORO — orosomucoid, PLC — panleukocyte antigen, VIM — vimentin, AFP —

a-fetoprotein.

*Positive results in head and neck carcinoma support origin from salivary gland, but results have not yet been proven specific for salivary gland origin.

1S100 is positive in sarcomas of neural origin.
§About 50% of malignant melanomas are positive for vimentin.

CASE MATERIAL

The following four cases are taken from material
in the Scripps Clinic Medical Group (SCMG) files
from over 2 years. They represent only head and
neck disease; of course, the technique is applicable
to histologic examination anywhere in the body.

Case 1. A 62-year-old man developed a chronic
nonhealing ulcer on the nasal columella approx-
imately 6 months before his examination by the
SCMG in 1983. Several biopsies performed by the
patient’s referring physicians had demonstrated on-
ly chronic inflammation without evidence of neo-
plasia. However, because of clinical suspicion re-
garding the course of the process, a rebiopsy, which
included an immunohistochemical assay, was com-
pleted as an initial evaluation. The assay estab-
lished the presence of cytokeratin-containing cells
deep within the connective tissue, and thereby the
diagnosis of invasive squamous cell carcinoma (Fig-
ure, A). Later, at the time of complete excision, in-
vasive carcinoma identifiable by routine histologic
techniques was discovered at the base of the lesion.

Case 2. A 53-year-old woman was seen for the
first time 8 weeks after the onset of a swelling in the
right tonsil. She was initially treated by her inter-
nist with antibiotics for over 2 weeks with no signif-
icant improvement. She was then referred to an
otolaryngologist, who noted the presence of a 2-cm
mass in the superior pole of the right tonsil. Biopsy
of the mass at an outside hospital was interpreted by
the attending pathologist as most compatible with a
poorly differentiated squamous carcinoma.

The patient then sought a second opinion at
SCMG, where initial consultation confirmed the
physical findings described above. Review of the al-
ready obtained tonsillar biopsy raised doubts about
the validity of the original histologic diagnosis,
however, and to further clarify the situation, a
complete unilateral tonsillectomy on the right side
was completed to obtain adequate fresh tissue for
immunohistochemical diagnosis (Figure, B). The
preliminary histologic report from this specimen in-
dicated “a large cell neoplasm in which the differ-
ential diagnosis lies between a large cell lymphoma

and an undifferentiated carcinoma.” Later GAB as-
say showed the neoplasm to be “. . . absolutely neg-
ative for keratin with strong staining in the overly-
ing epidermis on two independent assays. . . . In the
monomorphic portions of the neoplasm, there is no
cytoplasmic lambda staining, while there is strong
(3+) kappa staining in the cytoplasm of the large

e

A) (Case 1) Nasal columella biopsy with callus keratin—
positive spindled squamous cell carcinoma, previously di-
agnosed as benign granulation tissue (original x400). B)
(Case 2) Tonsil biopsy with panleukocyte-positive large
cell lymphoma infiltrating normal lymphocytes, previous-
ly diagnosed as poorly differentiated squamous cell carci-
noma (original x400). C) (Case 4) Metastatic poorly differ-
entiated carcinoma with absolute negativity for callus ker-
atin, CEA, and 35BHI11 cytokeratin (original x100). D)
(Case 4) Poorly differentiated carcinoma with only focal
AEl positivity (original x100). This profile strongly sug-
gests renal cell adenocarcinoma.
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malignant cells.” These immunohistochemical find-
ings were felt to support unequivocally the diagno-
sis of a diffuse large cell lymphoma of the B cell type
with kappa immunoglobulin monoclonality. The
absolutely negative keratin and CEA stains further
support this diagnosis and exclude the possibility of
a poorly differentiated squamous cell carcinoma.

Accordingly, the jaw-neck dissection recommended
at the original outside consultation was cancelled
and the patient treated by means of the appropriate
lymphoma protocol. She has done well and is now
tumor free more than 18 months after diagnosis.

Case 3. A 53-year-old man was seen at SCMG for
the first time with an 11-year history, during which
he was evaluated by an outside physician, diagnosed,
and surgically treated for inverting papilloma in the
left nasal cavity as the cause of his complaints of
unilateral nasal obstruction.

The patient remained symptom free for 10 years,
until 1 year prior to being seen at SCMG, when he
noted the onset of recurrent ipsilateral nasal ob-
struction. Rebiopsy was performed in the area of
original treatment, but this time a histologic finding
of squamous cell carcinoma was noted. The patient
was advised to undertake a cancericidal dose of ra-
diotherapy, which was completed without incident.

The patient again remained symptom free for 1
more year, at which time he presented to SCMG
with recurrent symptoms of left-sided nasal ob-
struction; repeat biopsy again demonstrated the
presence of squamous cell carcinoma. Associated
with this finding, however, were previously un-
noted areas of spindle-shaped cells. Routine histo-
logic examination raised the possibility that this
population represented one of two entities: first, a
transformation to a more malignant variety of car-
cinoma, a so-called spindle cell carcinoma; or sec-
ond, a radiation-induced fibrosis or desmoplastic
reaction. A distinction was clinically important at
this juncture because of the considerably worse
prognosis carried by the first diagnosis.

Therefore, a GAB assay was completed on the bi-
opsy material. While the regions of benign hyper-
plasia (representing the inverting papilloma)
showed only focal and weak keratin positivity,
there was focally strong (3+ to 4 +) positivity in
groups of cells in the regions identified as represent-
ing squamous cell carcinoma. The concomitant ab-
sence of keratin positivity in the spindle cells al-
lowed us to proceed knowing that the chances of
these cells representing the more malignant spindle
cell carcinoma were quite small and that the sur-
gery proposed, although extensive and possibly mu-
tilating, nonetheless had a reasonable chance of
curing the patient. He has remained disease free for
2, years following surgical ablation.

Case 4. A 55-year-old woman was first seen early
in January 1985 for evaluation of a neck mass. The
mass was first noted while she was watching televi-
sion a few weeks before the patient presented to
SCMG. Other than its presence, the mass was en-
tirely asymptomatic; further, the patient had no
upper airway or digestive tract complaints. She had
been a nonsmoker for more than 12 years and was
in generally good health.

Pre-endoscopic evaluation, including complete
blood count, urinalysis, and chest x-ray examina-
tion, were all within normal limits. Triple en-
doscopy was likewise unrevealing. A frozen section
report from an incisional biopsy was nondiagnostic,
but on permanent section report, “metastatic large
cell carcinoma” was diagnosed. Within several
days, a subsequent immunohistochemical (GAB as-
say) report described the lesion as possessing an im-
munohistochemical profile strongly suggesting re-
nal origin.

Further work-up a short time later included an
intravenous pyelogram that demonstrated a 9-cm
mass arising from the inferior pole of the right kid-
ney. A needle biopsy within a few days established
the diagnosis of renal cell carcinoma.

COMMENT

Immunohistochemistry is a valuable technique
with which the pathologist can help the surgeon
and oncologist define the type and origin of a poorly
differentiated malignant neoplasm. We routinely
use immunohistochemistry to differentiate between
carcinoma, lymphoma, melanoma, sarcoma, and
hepatoma (Table). As with all biological systems,
the staining patterns are not uniform in extent or in-
tensity, either within a single neoplasm or between
similar types of neoplasm. A few malignant neo-
plasms will not stain with any of the antibodies.
The techniques that are used on fresh® or formalin-
fixed tissues can be applied to cytologic smears and
cell block sections from body fluids and fine needle
aspirations.

Experience and caution, however, are necessary
for the proper interpretation of immunohistochemi-
cally stained sections. Pitfalls include nonspecific
staining, which can be a major problem in body flu-
ids and necrotic neoplasms; staining of entrapped
normal structures, such as bronchi and nerves; and
negative staining in tissue with poor fixation or
cautery damage. Lymph nodes that are not removed
intact, but are torn or crumbled, are very difficult
to interpret when a consideration of lymphoma is
present. The largest lymph node should always be
removed intact and sent fresh, without formalin fix-
ation, to the pathologist to enable the most accurate
diagnosis possible.
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CLINICAL AND COMPUTED TOMOGRAPHIC CORRELATIONS
OF PHARYNGOLARYNGEAL CANCER WITH WHOLE ORGAN SERIAL
SECTIONS IN THE AXIAL PLANE

HISTORADIOGRAPHIC ANALYSIS OF 60 CASES
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A retrospective analysis of 60 cases of pharyngolaryngeal cancer comparing the clinical, radiographic, operative, and histologic find-
ings is presented. Computed tomographic scans of the larynges performed prior to surgery were correlated with similar histopathologic sec-
tions obtained by whole organ serial sections in the axial plane. Thirty-eight patients were treated primarily with surgery, and the remain-
ing 22 cases were irradiation failures necessitating surgical salvage. Radiographic axial sections at 5-mm intervals or less were directly com-
pared with microscopic sections in the same plane. This enabled us to correlate certain specific parameters such as site of origin of the
tumor and its extent, with special emphasis on involvement of the vallecula, preepiglottic space, paraglottic space, and cartilaginous
framework of the larynx. Our results indicate that endoscopy with CT is the most reliable method for evaluating pharyngolaryngeal
cancer. A combined correlation of clinical evaluation plus CT scan reveals a 92% accuracy at the supraglottic level, 88.6% correlation at
the glottic level, and 93.1% correlation in tumors of the hypopharynx. We now feel strongly that sufficient evidence exists for CT to be

used as an integral part of the staging protocol.

KEY WORDS — cancer, computed tomography.
INTRODUCTION

The introduction of CT in 1973 made a signifi-
cant impact in medicine, particularly in determin-
ing tumor site, size, and extent in all areas of the
body.! First mention of this investigational tool in
otolaryngology was made by Wortzman and Hol-
gate? in 1976, followed in 1977 by Mancuso et al’®
describing the evaluation of laryngeal neoplasms.
Comparisons in the accuracy of CT and laryngog-
raphy were subsequently studied.*” Since then,
many authors have demonstrated good correlation
between gross specimens and histopathologic find-
ings.®-1° To our knowledge, no study has compared
CT to histopathologic results in the irradiated pa-
tient population.

We have reviewed a group of 60 cases of primary
carcinoma of the laryngopharynx and attempted to
correlate CT scans and clinical findings with whole
organ serial sections in the axial plane, both in irra-
diated and nonirradiated patients. Our investiga-
tion has led us to conclude that CT combined with
direct fiberoptic endoscopy yields a high degree of
correlation when matched with postsurgical whole
organ serial sections.

MATERIALS AND METHODS

This series consists of 60 patients with 61 tumors
of the laryngopharynx treated at the Toronto Gen-
eral Hospital, Sunnybrook Medical Center, and the

Prince of Wales Hospital, Sydney, Australia (Table
1). Forty-two patients had carcinoma of the larynx;
19 cases involved the hypopharynx. Twenty-one of
the laryngeal tumors were supraglottic, 19 glottic,
and two primary subglottic. The remaining hypo-
pharyngeal group revealed 13 cases involving pri-
marily the pyriform sinus, four cases of postcricoid
tumors, and two cases involving the posterior
pharyngeal wall. Twenty-two patients had previous
irradiation with 5,000 rad of Cobalt 60 over 4
weeks. Scans were performed on EMI 7070 in four
patients, GE 8800 in 41 patients, and GE 9800 in 15
patients. Five-millimeter contiguous axial sections
from the oropharynx to the lung apices were obtain-
ed following intravenous contrast in 58 of the 60
cases. Additional 1.5-mm contiguous axial sections
from the hyoid bone to the cricoid cartilage were
obtained in those patients examined on the 9800
scanner. With some variations in total dose, most
TABLE 1. SAMPLE STUDIED

No

Irradiation Irradiation Total

Larynx (42 tumors)

Supraglottic i 14 21

Glottic 10 9 19

Subglottic 0 2 2
Hypopharynx (19 tumors)

Pyriform sinus 3 10 13

Postpharyngeal wall 1 1 2

Posterior cricoid 1 3 4

From the Department of Otolaryngology (Gullane, Brodaric), the Department of Radiology (Keller, Shulman), and the Department of Patholo-
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TABLE 2. POSITIVE CORRELATION
Irradiation (%) No Irradiation (%)

Supraglottic
Radiographic 55.8 80.5
Clinical 79.1 79.1
Clinical and
radiographic 88.3 95.8
Glottic
Radiographic 75.7 80.0
Clinical 72.9 82.9
Clinical and
radiographic 88.6 88.6
Hypopharyngeal
Radiographic 67.8 83.8
Clinical 87.8 85.2
Clinical and
radiographic 93.9 92.3

patients received 80 g of bound I2 by bolus and infu-
sion technique. Scanning time was 2 seconds for GE
scanners and 3 seconds for the EMI 7070 scans. All
60 patients underwent total laryngectomy and/or
laryngopharyngectomy within 4 weeks after the
scan. The larynges were submitted for decalcifica-
tion and sectioning.

The histologic method used in our laboratory for
serial sections exploits the advantages of both cel-
loidin and paraffin impregnation by use of a double
embedding technique. The resulting sections are
thin enough to permit accurate visualization of his-
tologic detail.

The laryngeal specimen is initially fixed in buf-
fered 10% formalin. It is then decalcified in a solu-
tion of sodium citrate and formic acid. After dehy-
dration in several alcohol solutions, it is transferred
into 3% celloidin in methyl benzoate for the first
impregnation. Clearing of the specimen is accom-
plished with xylol before impregnation with paraf-
fin wax in a vacuum oven. Finally, the specimen is
embedded in wax for sectioning in the appropriate
plane with a base sledge microtome. Using a

250-mm blade, the microtome gauge is set at 5 um,
and two sections are cut at each 1-mm interval
through the whole larynx, yielding two sets of be-
tween 40 and 80 sections. These are mounted on
lantern slides and stained with the conventional H
& E procedure.

The findings on whole mount histologic sections,
CT scans, and clinical evaluation were indepen-
dently recorded without knowledge of each group’s
results and tabulated graphically using 20 param-
eters. These included site of origin of lesion and ex-
tent of local spread to the following: tongue, vallec-
ula, hyoid bone, epiglottis, preepiglottic space,
aryepiglottic folds, false and true vocal cords,
arytenoid cartilages, thyroid cartilage including
body and horns, paraglottic space, anterior and
posterior commissure, anterior and posterior cricoid
cartilages, subglottis, pyriform sinus, and esopha-
gus.

The tumor origin and extent were assessed inde-
pendently, both clinically and radiographically,
and compared with the histologic findings at 20 an-
atomic levels to determine the percentage of corre-
lation of clinical findings alone, CT alone, and
combined clinical and radiographic assessment
with the pathologic standard.

RESULTS

Supraglottic Carcinoma. Twenty-one patients
had a primary supraglottic carcinoma, and, of
these, seven had prior irradiation. Eight of this
group had histologically proven tumor in the pre-
epiglottic space. The clinical assessment and radio-
graphic findings on CT revealed 79.1% and 55.8 %
correlations, respectively, when used alone, but
when combined had a correlation of 88.3% in the
irradiated population. In the nonirradiated group,
the radiographic and clinical correlation was great-
er: 80.5% and 79.1% alone and 95.8% when com-
bined (Table 2). The combined positive correlations

Fig 1. A) Computed tomographic scan at level of preepiglottic space. Area on left (arrow) interpreted as tumor. B) Histopathologic
specimen. Edema mimicked tumor and resulted in false positive overcall on CT scan.
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TABLE 3. FALSE NEGATIVE CORRELATION
IN SUPRAGLOTTIC CASES

Irradiation (%) No Irradiation (%)

Radiographic 44.2 19.5
Clinical 20.9 20.9

Clinical and radiographic 11.7 4.2

of CT and endoscopy of 88.3% in the irradiated
group and 95.8% in the nonirradiated group are
considerably higher than those of radiography or
clinical assessment alone. Preoperative irradiation
resulted in a dramatic reduction in the ability to
detect tumor extension by CT, with failure to dif-
ferentiate edema from neoplasm in three patients
who had prior irradiation (Fig 1).

The combined modalities failed to appreciate
malignancy in 11.7% of all anatomic areas sur-
veyed in the irradiated patients, whereas a 4.2%
failure was noted in the nonirradiated group (Table
3). Unfortunately, the false negative problem areas
for endoscopy were also the problem areas for CT,
whether in irradiated or nonirradiated patients:
vallecula, thyroid cartilage, paraglottic space, and
commissure.

Glottic Carcinoma. Nineteen cases were avail-
able for study in this region, and, of these, ten pa-
tients had prior irradiation. The clinical correlation
of 82.9% in the nonirradiated cases was slightly
better than the 72.9% in the irradiated group.
There was no noted significant difference in radio-
graphic accuracy in the two groups. The combin-
ation of clinical assessment with CT yielded an
88.6% correlation in both the irradiated and nonir-
radiated groups (Table 2).

The four areas of difficulty in tumor detection
were the epiglottis, preepiglottic space, thyroid car-
tilage, and commissures. At the glottic level (Fig 2),

preoperative irradiation resulted in a high rate
(34 %) of false positives compared with 20% in the
nonirradiated group. Clinical evaluation was not
adversely affected by preoperative irradiation, with
a false positive rate of 15.7% in the irradiated
group versus 17.1% in the nonirradiated group.

The areas of diagnostic difficulty to the endos-
copist and the radiologist were the same, namely,
the aryepiglottic folds, pyriform sinus, thyroid car-
tilage, and commissures (Fig 3).

Subglottic Carcinoma. Two cases of primary sub-
glottic carcinoma were diagnosed in this series, and
both were nonirradiated. A correlation of 87 % was
seen clinically, radiographically, and in a combined
manner.

Hypopharyngeal Carcinoma. Nineteen cases in-
volved the hypopharynx. Thirteen were primary
pyriform sinus neoplasms, two involved the poster-
ior pharyngeal wall, and four involved the postcri-
coid region. Therefore, we considered all hypopha-
ryngeal lesions as a single unit. Five patients in this
group had received prior irradiation, and of these a
clinical outcome of 87.8% was superior to the
67.8% radiographic correlation. As in other re-
gions, use of the combined modalities was the best,
with a 93.9% correlation. In the 14 nonirradiated
patients, a clinical accuracy of 85.2% was similar
to that in the irradiated population, but a combined
correlation of 92.3 % resulted from the CT findings,
demonstrating deep cartilaginous extension not evi-
dent clinically (Table 2). A false positive rate of
18% was similar in both the irradiated and nonir-
radiated groups. The lack of preoperative irradia-
tion markedly enhanced the ability of CT to detect
tumor, while not affecting clinical evaluation. En-
doscopy plus CT failed to detect tumor in 6.1% of
sites in irradiated patients and 7.7 % in nonirradi-

Fig 2. A) Computed tomographic scan at level of true cords showing outline of fat plane on right (arrow), with no tumor or thyroid
cartilage involvement. Thyroid cartilage not seen on right with absence of fat plane, interpreted as positive for tumor with cartilage
erosion. T — thyroid cartilage. B) Histopathologic section. Confirms accurate CT scan interpretation in right (arrow), with no tu-
mor or cartilage erosion. Lack of ossification of thyroid cartilage on right mimicked cartilage erosion, and irradiation fibrosis of false

cord mimicked tumor.
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Fig 3. A) Computed tomographic scan at level of floor of ventricle. Irregularity was noted anteriorly on left and right and inter-
preted as tumor with no cartilage involvement. B) Histopathologic section. Tumor confirmed with thyroid cartilage erosion

anteriorly on left (arrow), not detected on CT scan.

ated patients. The thyroid cartilage, paraglottic
space, and commissures were the major areas of
failure clinically and radiographically in both the
irradiated and nonirradiated patients. Radiation
edema was often extensive throughout the pharyn-
golarynx, resulting in a radiographic false positive
rate of 20.7 % in irradiated patients, as opposed to a
rate of 12.3% in nonirradiated patients. Clinical
overcall of 22.6% and 18.1% in the irradiated and
nonirradiated groups, respectively, again demon-
strated clinical assessment to be less affected by
preoperative radiation.

DISCUSSION
The results of this study indicate a good patho-

TABLE 4. CORRELATION WITH DISEASE SITE

Supraglottic =~ Glottic Hypopharyngeal
(%) (%) (%
Irradiation
Clinical alone 74 72.9 87.8
Clinical and CT 88.3 88.6 93.9
No irradiation
Clinical alone 79.1 82.9 85.2
Clinical and CT 95.8 88.6 92.3

logic correlation in both the irradiated and nonirra-
diated larynx when a combination of endoscopy
and CT was used. The factors that affect accurate
interpretation are difficulty in visualizing micro-
scopic disease, differentiation of edema and/or fi-
brosis from tumor, and pooling of saliva. The four
areas that are primarily affected by these factors are
the thyroid cartilage, paraglottic space, true cords,
and commissures.

In conclusion, endoscopy and thin section CT are
necessary for adequate assessment of disease within
the pharyngolarynx. The irradiated larynx presents
a complex diagnostic problem where there is acute
radiation edema or chronic irradiation fibrosis. De-
spite these difficulties, a clinical overall correlation
of 79.1% in the supraglottic region can be im-
proved to 92.1% with the addition of CT. The ac-
curacy of assessing the extent of glottic tumors can
be improved from 77.9% to 88.8% using both mo-
dalities. In the hypopharyngeal region, an accuracy
rate of 86.5% is surpassed by 93.1% when endos-
copy is combined with CT (Table 4). We therefore
feel that CT is an essential element in the clinical
staging of pharyngolaryngeal tumors.
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ENDOSCOPIC MANAGEMENT OF LARYNGEAL STENOSIS
WITH THE CARBON DIOXIDE LASER

M. STUART STRONG, MD
BEDFORD, MASSACHUSETTS

The indications for this approach have become
fairly clear as the results of experience from many
surgeons have become available. Supraglottic ob-
struction secondary to “redundant tissue” without
scar contracture can be resected confidently with-
out tracheotomy, if one is not already in use. Isola-
ted anterior glottic stenosis can be resected endos-
copically and a keel can be placed endoscopically
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when indicated. The success rate is high. Subglottic
stenosis can be resected endoscopically; the final
outcome depends, however, on the underlying
cause, the presence or absence of a preexisting tra-
cheotomy, and the need for postoperative stenting
or not. Combined stenoses ordinarily cannot be re-
sected endoscopically with success.



DISCUSSIONS

CARBON DIOXIDE LASER RESECTION OF SUPERFICIAL ORAL CARCINOMA:
INDICATIONS, TECHNIQUE, AND RESULTS (p 21)

T. L. GUERRY, MD; S. SILVERMAN, Jr, DDS; H. H. DEDO, MD

GEORGE A. SissoN, MD (Chicago): Your experience is pretty
much the same as ours. We have had a rather large series using
the laser. I must say that the laser has at times been disappointing
to me, particularly when I get set and want to use the microscope.
It is a laborious and tedious thing. When coming from the old
school of sharp dissection, cautery, and even cryosurgery, it seems
more rapid. There is no question that the points you made, Dr
Dedo, are germane. It is the art of today and probably superior.

BLAIR FEARON, MD (Toronto): I always learn something when
Dr Dedo presents a paper at this meeting. I am particularly in-
trigued by his retractor. With our experiences in children, we
don’t have vast experience in cancer, but we did have one
12-year-old who had squamous cell carcinoma of the supraglottic
larynx that we treated with laser. Our President was there when
we first saw this boy. He has survived 7 years now. He had radia-
tion therapy as well, without any problem.

CHARLES W. VAUGHAN, MD (Boston): Dr Dedo’s experience us-
ing the CO2 laser in early oral carcinoma mirrors that of ours.
When the CO2 laser is coupled to the operating microscope and
supravital staining is used to sharply define the field canceriza-
tion, we have a unique system for treating cancer. Because the
laser wound is dry and undistorted, and because it is observed
under magnification up to 25 times, the surgeon can actually see
what he is doing. Muscle, fat, bone, vessels, nerves, and even
cancer can be visualized easily. Using this system, tumor removal
can be very precise and normal tissue can be spared, thus max-
imally preserving form and function. A further and very signifi-
cant advantage of this system is its use in defining the extent of
disease. If the attempt at excisional biopsy is unsuccessful in that
the margins of the wound reveal further cancer, we have ac-
curately established the extent of the disease (the T stage) and the
need for more extensive treatment, which may be carried out
without delay.

ANESTHETIC MANAGEMENT FOR TRACHEOBRONCHIAL
LASER SURGERY (p 30)

M. RONTAL, MD; E. RONTAL, MD; M. E. WENOKUR, MD; L. ELSON

GEORGE A. SissoN, MD; ROBERT H. OssoFr, DMD, MD (Chi-
cago): This well-written paper discusses another option for the
anesthetic management of patients requiring bronchoscopic laser
surgery. The concept of the team approach between the surgeon
and anesthesiologist, although not new, is stressed by the authors
and is an extremely important aspect of this type of laser surgery.
When possible, flexible bronchoscopy should be performed as
part of the preoperative workup. Because the authors have em-
phasized local anesthesia in their approach to this problem,
preoperative bronchoscopic examination can be performed im-
mediately before their definitive laser bronchoscopic procedure.
We agree with the authors that the rigid bronchoscope is the in-
strument of choice for bronchoscopic laser surgery whether it be
with the carbon dioxide laser or the neodymium-YAG laser. This
instrument has been found safer with respect to ventilatory con-
trol in the compromised airway and hemostasis. A previously
described disadvantage of using the rigid bronchoscope for laser
surgery was the need for general anesthesia to provide airway
control and patient comfort. Through their technique of local
anesthesia, these authors have been able to transform this disad-
vantage into an advantage. We agree that the use of a video
monitor is an excellent idea although not mandatory for each
case. While the results achieved by these authors using local
anesthesia in the majority of cases are impressive, I would ques-
tion the completeness of their bronchoscopic resections following
photocoagulation, since they brought back six patients in the im-
mediate postoperative period to remove obstructing tumor
slough. It is our policy to first photocoagulate and then remove
either with the CO2 laser or the tip of the bronchoscope with a
coring action and a biopsy forceps.

Again we congratulate the authors on their successful use of
local anesthesia and intravenous sedation to perform the vast ma-
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jority of procedures in their series. These results are very good and
introduce yet another variable into the choice of techniques for
the anesthetic management of patients undergoing bronchoscopic
laser surgery. It must be emphasized, however, that previous
reports by Dumon who used the rigid bronchoscope and general
anesthesia with spontaneous ventilation, by Eisenman et al using
general anesthesia with paralysis, and by Shapshay and Beamis
utilizing the rigid bronchoscope and jet ventilation as described
by Sanders, have demonstrated safety and efficacy. Perhaps the
number of choices now available to both the otolaryngologist-
head and neck surgeon and the anesthesiologist for the manage-
ment of patients undergoing bronchoscopic laser surgery implies
that there is no one best way to manage the airway in these pa-
tients. We appreciate the authors’ prejudice for local anesthesia,
but must remind the listener and reader of this paper that the im-
plied risks of general anesthesia in our patients (American Society
of Anesthesiologists, physical status 3 or 4 have not been found to
be significant. The technique ultimately chosen will vary from in-
stitution to institution and will depend upon the instrumentation
and armamentarium available and the local prejudice of the sur-
gical anesthesia team.

BLAIR FEARON, MD (Toronto): We thank the authors for mak-
ing their manuscript available well in advance of the presentation
and also thank the American Laryngological Association for the
opportunity of discussing this outstanding paper.

The information in this presentation is superb in the manner in
which it is presented and makes it possible for any well-trained,
experienced endoscopist to duplicate the methods described in
such explicit detail.

In my humble opinion I believe that this is the manner in which
all clinical papers should be written, wherein the information
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provided leaves no doubt as to the authors’ objectives and the way
these objectives are reached. Furthermore the precautionary
measures necessary to undertake this type of surgery are very
clearly stated.

Although we have used the COz laser to carry out endoscopic
surgery for more than 10 years, we have not had the privilege of
using the neodymium-YAG laser, and indeed this instrument is
not available in our area.

The importance of teamwork in these procedures cannot be
overstressed, particularly in peroral endoscopy under local anes-
thesia. Lack of teamwork can make the difference between a
good result and a poor one and, yes, even the unnecessary death of
a patient.

We commend highly the authors’ preference for local anesthe-
sia for their endoscopic surgery wherever possible. Rigid bron-
choscopy under local anesthesia is not such a terrible experience
for the patient as many are led to believe. When I did my post-
graduate training with the late Dr Gabriel F. Tucker, Sr, virtual-
ly all peroral endoscopy was performed under local anesthesia
regardless of the patient’s age. In fact, the majority of these pa-
tients had no analgesia or sedation.

I was continually impressed by the fact that most patients were
not reluctant to have repeat endoscopy, and indeed, some would
arrive asking to be bronchoscoped.

Unfortunately, since the advent of the flexible fiberbroncho-
scope, the training in rigid endoscopy has deteriorated to the
point where it is no longer possible to acquire the experience that
used to be possible when there was a large volume of patients.

We agree wholeheartedly that, wherever possible, general an-
esthesia with spontaneous breathing is most desirable. This tech-
nique is more exacting and requires more care and experience on
the part of the anesthesiologist, but it allows for a more exacting
technique to carry out the procedures described. A word of cau-
tion in the use of Xylocaine in pressurized containers is needed.
These units are very convenient, but the propellant in the contain-
er is Freon or at least it has been in the past. In our experience this
causes a considerable laryngeal reaction in many patients.

Closed circuit anesthesia through the bronchoscope is less dif-
ficult to carry out with the patient breathing spontaneously, but I
find the attachments very cumbersome, making good endoscopy
technique more difficult. The concern of exposing operating room
personnel to the anesthetic gases can be overcome by “scavenging”
the gas by connecting suction tubing to an Ayers T-piece attached
to the proximal end of the bronchoscope. Where a tracheotomy is
present, anesthesia is readily administered through the special in-
ner tube we designed and reported before this Association in 1964.

Finally, I wish to commend the authors highly for this fine work
and trust that we will hear from them again in the future.

CHARLES W. VAUGHAN, MD (Boston): The paper of Dr Rontal
and his colleagues on anesthetic management for laser surgery in
the tracheobronchial tree stressed two points. The first, that a
cooperative and informed team can develop a safe and effective
anesthetic regimen for tracheobronchial laser surgery is very nice-
ly demonstrated by their reported experience. Their rate of com-
plications while managing these often critically ill patients is quite
low. Dr Rontal’s second point, that local anesthesia should be
used for distal tumors was correctly termed in the written paper a
“prejudice.” It is unproven by their data. We agree that Dr Ron-
tal, following his prejudice, has achieved successful results.
However others, such as ourselves at Boston University, following
our own prejudice for general anesthesia, have been equally suc-
cessful in many hundreds of similar procedures. This suggests that
the specifics of the method are not as important as is the fact that
a skilled and harmonious team should do what it does well.

PETER W. ALBERTI, MB, PHD (Toronto): I had the privilege of
reviewing this fascinating and well-written paper with my
anesthetist colleagues, Drs Gerald Edelist and Joe Mallon and,
based on our experience with 74 patients, find many areas of com-
mon ground. We agree that this is completely a team procedure
with no room for occasional operators and occasional anesthetists,
and prefer the same team of anesthetist and surgeon.

We do not feel that it is proven that local anesthesia is better
than general anesthesia for tracheal lesions. We do not use local
anesthesia and have had no major problems with hypoxia, hyper-
carbia, or other signs of inadequate ventilation. We also use the
rigid scope and use the fiberoptic scope through it. We have de-
vised a system to give oxygen, nitrogen, and the anesthetic mix-
ture through the side arm of the ventilating bronchoscope while
doing either rigid or fiberoptic endoscopy through the rigid scope.
We feel we have good control of the patient using this technique.
We also use some jet techniques while using the rigid scope alone.

We agree wholeheartedly with use of nebulized lidocaine, pro-
panol, and nitroglycerine for hypertension and the pulse monitor
for monitoring oxygen saturation rather than indwelling lines.
We are less happy with the outpatient approach. The literature
suggests the need for 10% reintubation in 24 hours following
discharge from the recovery room, and this we feel is too high to
commit patients to the ambulatory experience.

The team must be prepared to adapt. We believe in a rigid
bronchoscope and a flexible team for this work. I congratulate the
authors on a timely and excellent paper.

IMBRICATION RECONSTRUCTION FOLLOWING
PARTIAL LARYNGECTOMY (p 61)

C. Liu, MD; P. H. WARD, MD; L. PLEET, MD

HucH F. BILLER, MD (New York): This is a very interesting ar-
ticle, and I wish to congratulate Drs Liu and colleagues on a very
innovative technique to allow improved voice following vertical
partial laryngectomy. The authors do mention in the article that
they use this technique for some patients in whom the carcinoma
arising on the true vocal cord extends into the undersurface or the
lower portion of the false vocal cord, which would make the le-
sion a transglottic one. The biologic behavior of the transglottic
lesion, even the small one, is such that there is submucosal exten-
sion and one can have a positive margin at the superior margin of
the resection, and many times these lesions also extend and in-
volve the preepiglottic space. Therefore I would anticipate that
there would be a higher incidence of local recurrence if this pro-
cedure is used for this type of lesion. The classification which the
authors use is not the classification that has been adopted by the

American Joint Committee for Cancer Staging and End-Result
Reporting, and therefore, it is difficult to assess in what they call
Te lesions how many of those lesions were indeed transglottic le-
sions. They had 14 T2 lesions, and I would like to ask the authors
about how many were transglottic lesions, what the follow-up
period was for the transglottic lesions, and what the recurrence
rate was for transglottic lesions.

BRUCE PEARSON, MD (Rochester, Minn): I found that the data
in the paper did show what one would expect. Excision works for
the small cancers. By small cancers I mean ones that do not fix the
vocal cord. I understand from the paper that if vocal cord fixation
is present, this procedure would not be indicated. I wish there
was a little more emphasis on margins because I think that this
would be a difficult procedure to apply consistently and safely
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without the backup and support of the kind of pathologist that Dr
Ward has available to him. I expect that the diagrams under-
represent the extent of the excision since a narrow strip that was
shown could probably be handled by a cordectomy. I think the
procedure should produce better voice, as we would expect, if you
provided better bulk, and this looks like a very nice technique to
do it. It seems simple in concept; it looks reproducible, and the
neocord that is produced would be one of the few lined with
mucosa, so I think this would help the predictability. I did have a
couple of questions for the authors, and they relate to the failures.
All three failures had preoperative radiotherapy, so I am in-
terested in knowing how many cases were treated primarily with
imbrication laryngoplasty without radiotherapy; and am I right
that you have had no local treatment failures when you have used
this operation alone and avoided radiotherapy all together; and if
that is true, does that expand your indications beyond the ones
you have mentioned, that is, the young patients and perhaps the
unreliable patients? With regard to the failures, all three had
laryngectomies. Were any of these specimens studied by serial sec-
tion to determine the cause of failure or to look at the histology of
the reconstruction? Finally, a couple of technical questions. How
does imbrication actually move tissue inward even though that
last slide showed two procedures, one where the upper segment is
brought in internally to the lower segment and in the other where
it is brought externally? I think I understand from the paper that
the technique that brings the upper segment to the outside of the
lower thyroid remnant has been discarded. It appeared to me that
that would be appropriate because I think it would actually take
bulk away from the glottis instead of adding to it. You are dealing
with postradiated larynges, you strip the outside of the thyroid
ala, you cut the top of it, and then you bare the inside of it to
achieve that pocket; so doesn’t the cartilage sometimes just come

free and act as a free graft? Why don’t you release the segment
above by cutting the superior cornu, or do you find that this is not
necessary? I tried to reproduce this operation on a cadaver and
found that that helped.

PauL H. WARD, MD (Los Angeles): Thank you, Drs Pearson
and Biller, for your comments. They are all cogent and impor-
tant. Regarding the study of the three transglottic lesions, two of
them were the ones that recurred. You have an absolutely valid
point. This operation is really designed for T1 and T2 lesions in the
real sense, it is designed to present a better voice, and it is de-
signed for patients who do not want radiotherapy (and there are
patients like this) or who are poor candidates for radiotherapy
because they are noncompliant and won’t follow through. In
answer to some of the other questions, the amount of excision is
really about the amount that we pictured. One makes a pocket
and imbricates this. It gives tissue to fill out. We did discard the
external imbrication, not because it didn’t work well but because
it didn’t give the voice we wanted. The tissue was there for Teflon
injection or other material to implant. The overall advantage of
this procedure is in the postradiation case in which a hemilaryn-
gectomy may give a very poor voice or edema if one tries it
because part of the venous and lymphatic supply has been re-
moved. Dropping down the epiglottic fold and the false cord
allows continued lymphatic drainage, and we do not see nearly so
much edema in these patients. We don’t have the whole organ
histology because at that time we did not have it. We now have
whole organ fresh histology. We still don’t have the type that Dr
Bryce and our great speaker, Prof Harrison, use along with Dr
Kirchner. The other thing is that we do release this if there is any
tension on it at all. We place a large suture in the chin to the chest
to flex the head. A week later when the suture is removed the neck
remains flexed for another week.

LONG-TERM RESULTS OF CONCURRENT POLYCHEMOTHERAPY
AND RADIOTHERAPY IN PATIENTS WITH STOMAL RECURRENCE AFTER
TOTAL LARYNGECTOMY (p 66)

A. J. M. BALM, MD, PHD; G. B. SNow, MD, PHD; A. B. M. F. KARIM, MD, PHD; R. J. J. VERSLUIS, MD;
K. H. Njo, MD; R. M. TiwARI1, FRCS, PHD

GEORGE A. SissoN, MD (Chicago): It is a pleasure to discuss a
topic that has long held my interest. Drs Balm and colleagues
have presented a very interesting pilot study whereby the early re-
sults on eight patients with stomal recurrence show a remarkable
response to polychemotherapy and radiotherapy. They have out-
lined succinctly the alleged several causes of stomal recurrence
that continue to be debatable. I was disappointed that they did
not make an attempt to stage the disease, but careful review of the
manuscript led me to perceive that the majority of these patients
had stage I or II stomal recurrences. This staging system is a per-
sonal system that I have outlined and discussed in previous publi-
cations. In April 1985, at the International Symposium on Head
and Neck Surgery in Tokyo, I presented 75 mediastinal dissections
that were performed for stomal recurrence from 1953 to 1984. All
of our patients were staged. Ten out of 22, or 45%, of the stage I
patients have no evidence of disease and are long-term survivors.
All these patients had radiation, and some of the recent ones had
our polychemotherapy protocol, which varied from one 5-year in-
terval to another. Five out of 17, or 29%, stage II patients are
alive, and ten of 30, or 33%, of the patients who were stage III
are alive. One of the six in stage IV survived 3 years. The deter-
minate end result, assuming all patients lost to follow-up died of
disease, showed that 26 of 75 patients survived mediastinal dissec-

tion and/or gastric pull-up for an average of 3, years, an accep-
table length of time, and should be considered cured. Recently
when we are combining stomach pull-up and pectoralis major
flap reconstruction of the mediastinum in patients with stages II
and III, our success rate has greatly improved because our com-
plication rate has gone down. At the time of our 1977 report, we
did not reconstruct the mediastinum with a pectoralis major flap
nor did we add the stomach pull-up for reconstruction of the
esophagus when it was involved from stomal recurrence. This,
therefore, gives us a survival rate of 35% for mean survival of 3%,
years for all patients. These data include the patients of earlier
years before improvements in which numerous vessel ruptures
were encountered.

It is my contention, at this time, that stomal recurrence should
be treated surgically even though adjuvant chemotherapy and
radiation do reduce the cancer cell population. Certainly patient
2, as presented, is a motivation to investigate further polychemo-
therapy for stage IV disease. We are all aware that the occasional
remarkable result is observed with these potent drugs, but until
there is more evidence, I would recommend we continue to
operate on these patients as soon as possible because, I repeat, our
results with recent operative technique are showing 45% long-
term results.
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NEW TECHNIQUE OF SOFT PALATE RECONSTRUCTION USING A
HYPOPHARYNGEAL MYOMUCOSAL FLAP (p 130)

Y. MURAKAMI, MD; T. IKARI, MD; S. SAITO, MD; J. ONO, MD

RICHARD T. FARRIOR, MD (Tampa): It is a privilege to have
heard Dr Murakami’s excellent paper and have this chance to
discuss it. I thank Dr Murakami for bringing to this society’s at-
tention this versatile and sturdy posterior pharyngeal flap. There
are a few points I would like to make with the hope of helping
those not using this flap better visualize the area.

First, the length and width of flap may be accomplished
through a peroral or transoral approach, and this might avoid the
need for the tracheotomy and prolonged hospitalization. Except
for some pain, we have not had the trouble he described with
some of his patients or the need for prolonged postoperative care.
The long hospitalization and the need for tracheotomy create
some concern, and perhaps this could be avoided by staying with
the peroral approach to avoid also the danger of excessive edema
and potential injury to the superior laryngeal or other nerves.
With proper positioning, utilizing either the Dott or Dingman
mouth gags, one can develop a long flap by the oral route. We
have, for some years, used very wide and long flaps extending to
the level of the arytenoids, and all were approached by the trans-
oral route.

From longtime experience in cleft palate surgery, it is doubtful
that these flaps remain dynamic with healing and contracture,
especially as they are separated from the muscle origin and the
nerve supply, which enters from lateral. It is probable that the ac-
tion comes from the preserved levator veli palatini, tensor veli
palatini, and palatopharyngeal muscles, as well as other lateral
pharyngeal and palatal muscles. The tubed flap generally is con-
ceded to contract and to become static rather than dynamic.

To say the least, musculature and innervation are complex, so
totally normal function could not be absolute; however, suc-
cessful rehabilitation has been demonstrated and is in part due
simply to mechanical closure. The anatomy is intricate and the in-
tervention complex for the normal palate and probably as com-
plicated as that for the larynx in the pharyngeal phases of
swallowing, breathing, and in speech.

The tubing of the flap, for the oral and nasal surface lining, is a
significant technical advance. Because the superiorly based flap is
lined on the nasal surface and can be made quite long, it is usually
unnecessary to use the nasal flaps described by Cronin, as in a
palatal push-back procedure. Should lining on the oral surface be
desired, a flap can be developed from the nasal surface of the re-
maining soft palate. It is, of course, essential to preserve the
lateral epithelial lined gutters. The palatal flaps described for ad-
ditional coverage, saving the neurovascular bundle, can be used
either as true axial flaps or even island flaps.

A superiorly based flap can be carried forward well beyond the
posterior edge of the hard palate, and the anterior extent of the
resection can be made larger. As Dr Murakami has presented this
material, certainly the technique of one-staged flap, lined on both
sides, is a significant contribution.

As a final statement, speaking in generalities regarding cancer
in this area, having this flap in one’s armamentarium should in-
crease the margins of resection for these tumors notorious for local
recurrence. A word of caution — as with all flaps and tumor re-

section, surgical planning must be made not to limit the resection
to fit the planned reconstruction.

It is always a pleasure to see Dr Murakami, and I want to thank
Dr Bryce for giving me the opportunity to review this paper.

ROBERT M. BUuMSTEAD, MD (Iowa City): I would like to com-
ment on this new technique of soft palate reconstruction. I do ad-
mire the authors” attempt to provide an immediate reconstruction
of a somewhat difficult defect, the large defect of the soft palate.
We have had a lot of experience with these defects since they are
very similar to the cleft defects that we routinely repair. I was im-
pressed with the fact that they did use the principle of obtaining
mucosal coverage of all surfaces of their pharyngeal flap. I think
certain principles of reconstruction of these defects have not been
met in this paper, however. One thing, as Dr Farrior mentioned,
this operation can be done very easily through a transoral ap-
proach, and the lateral pharyngotomy is unnecessary. I think this
makes it an excessive operation and probably contributes to the
period of time it takes their patients to swallow. The flap eleva-
tion should be approximately to the plane of the level of the hard
palate. When one thinks of the pathophysiology of velopharyn-
geal closure, the maximal motion of the sphincter of the velopha-
ryngeal port is in this area, and one wants to have the base of flap
in that plane. By starting so low in the neck and extending the
flaps only to the posterior margin of the hard palate, one ends up
with a low or inferiorly based flap, which was obvious in their
postoperative picture. Finally, I think there was a lack of collab-
orative scientific studies such as evaluation by a competent speech
pathologist who is trained in detecting velopharyngeal insuf-
ficiency, at least in the paper, but maybe these were performed.
If the patients are having this much trouble swallowing, I think
they could have used a barium swallow study and some other
studies to evaluate these patients, both their successes and lack of
success. Without these appropriate studies and collaboration, it is
impossible to evaluate the success of this operation, but I do ad-
mire their attempt in presenting this study to this society in a one-
stage reconstruction.

EMANUEL M. SKOLNIK, MD (Chicago): My Japanese is not as
good as Dr Murakami’s English is, but I would like to say
“arigato” for hearing his paper. This is what I call revisiting a
situation. Over 20 years ago, I published a paper in New York on
primary reconstruction following resection of the soft palate, and
I presented a videotape of my 12 patients. All have done well. In
no case was I required to do a lateral pharyngotomy or a tracheot-
omy. I have to agree with the other two discussers. All of these
can be done transorally. One can get down as far as one likes.
Oftentimes I will mark out this flap, infiltrate with local anes-
thesia to reduce the amount of bleeding, get a wide resection, and
bring it up with the fascia over the prevertebral muscles so that
nothing else has to be done. Bring this flap under the hard palate,
make a pocket like a sandwich, and suture it in place. All of these
contract enough so that there will be some space on each side for
the airway. We still must consider prostheses at times. Not
everyone must have primary reconstruction. The prosthetists do a
very excellent job. The only time you run into mishaps with the
prosthesis is in the patient who has had radiation therapy.

CLINICAL AND COMPUTED TOMOGRAPHIC CORRELATIONS OF
PHARYNGOLARYNGEAL CANCER WITH WHOLE ORGAN SERIAL SECTIONS IN
THE AXTAL PLANE. HISTORADIOGRAPHIC ANALYSIS OF 60 CASES (p 149)
P.J. GULLANE, MD; T. E. HAVAS, MB; A. KELLER, MD; A. W. P. VAN NOSTRAND, MD; I. BRODARIC, MD;
H. S. SHULMAN, MD

.DANlEL MILLER, MD (Boston): I haven’t seen such beautiful
slides in a long time. I congratulate the authors on them. A few

words concerning the correlation of the CT scanning. Eighty-five
to 95% correlation is a high rate. This documented report is of
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great importance, particularly in monitoring the response to in-
duction chemotherapy. However, the high rate of radiologic
overcall should be noticed particularly in the previously radiated
patient. Likewise, the negative clinical and radiologic overcall,
although at a lower rate, of 18% false-positive correlation, is of
concern particularly in the radiated patients. The reading of a CT
scan should be done by a skilled and experienced radiologist, of
course, but it is all in the eyes of the beholder. Although we main-
tain respect for this newly developed CT scan information, let us
not downplay the clinical evaluation. None of this correlative
work could be done without the skills of the personnel in the
highly respected Connacher Laryngeal Laboratory, which was
established by our President, Dr Bryce. The ideal discussion is one
with a good beginning and a good ending, both of which are very
close together. I congratulate the authors on this fine correlative
report of confirmation of what most of us have thought from our
own experience with classification and staging for tumors of the
larynx.

ARNOLD M. NOYEK, MD (Toronto): I compliment you on hav-
ing put together a nice correlation between routine CT and
cancer in the larynx and hypopharynx. I think the most important
thing you have shown us is that there are excellent correlations
between the CT and the histopathology. Therefore, CT has an
absolute, unequivocal role in the pretreatment appropriate stag-
ing process. One thing that should not be overlooked is that the
images that have been projected are 5-mm contiguous slices and
what we are looking at are two-dimensional representations of a
three-dimensional situation. Within the 5-mm slice, if we get
volume averaging, one loses some of the detail. Although the cor-
relations are 85% to 95 % , the imaging capability is really virtual-
ly 100% in sophisticated, well set up protocols in which one is try-

ing to provide answers to very specific problems. The clinical
direction that Dr Miller mentioned is the most important thing. If
you look at sites of predilection for cancer invasion and so forth,
one must do thin 1.5-mm sections and maybe one will find the
smaller disease. I will comment on three limitations that struck
me. The first is the postradiation case. That is going to be a prob-
lem with CT because it does not have enough soft tissue range to
show differentiation between cancer and adjacent soft tissues,
and when one puts edema in the picture, it is more difficult. Mag-
netic resonance will perhaps have even a 100-fold capability for
better soft tissue imaging than CT. So if the decision making is
critical for these studies, then that will be the ultimate study for
this area. As far as the pyriform sinus is concerned, there is one
fault in the manuscript. I believe it is an error to study the
pyriform sinus in the axial dimension without doing a modified
Valsalva’s maneuver like we do on the laryngogram. The argu-
ment against it is that the patient will move in the gantry, but not
if one has him or her gently blow against a crimped straw. It
opens the pyriform sinus so that saliva does not interfere with the
soft tissue image. Cartilage destruction can be shown on thin sec-
tions if they are set up in retrospective studies and you know at
which ones to look. We have a study to be published in the Ar-
chives next month that shows that we have been able to move
from this universal 20% to 30% equivocal or even false-negative
rate into finding areas of cartilage destruction using ultrasound as
a focus tool, but ultimately it is the CT that tells us that. Now
what magnetic resonance imaging tells us about cartilage destruc-
tion is uncertain and shows it differently. It doesn’t show the hard
tissues. It shows the marrow composition, but all of these methods
are attempts to see the patient better in a natural situation. I com-
pliment you on what you have shown us.

INCIDENCE OF LARGE SACCULES IN LARYNGECTOMY SPECIMENS (p 135)
D. BIRT, MB, FRCS(C)

JouN A. KIRCHNER, MD (New Haven): Dr Birt was kind
enough to send me a copy of his report well in advance of this
meeting. This is a very thorough study, with measurements made
in minute detail. The incidence of nearly 18 % for laryngoceles in
the 353 laryngeal cancer specimens indicates that a laryngeal
neoplasm does something to the ventricle that is still hard to ex-
plain. I would like to call your attention to two important clinical
implications of this work.

If a T1 glottic lesion is to be removed by laser, the surgeon must
be able to see the lateral edge of the tumor in order to make a safe
cut. If the tumor extends laterally on the upper surface of the true
cord, along the floor of the ventricle, it may be difficult or im-
possible to see the tumor’s lateral margin. If the laser cut is made
through the ventricular band as shown in this drawing from Carl
Silver’s book (an excellent book, by the way), the surgeon may
miss the lateral edge of the tumor if there is cancer extending into
a large saccule such as Dr Birt has described. In a quick survey of
my total laryngectomy material last week, I found three such
cases.

The other point is illustrated by this laryngectomy specimen
shown on the slide being viewed. The patient was referred to me

because of hoarseness and a swollen left ventricular band. The
larynx had been biopsied, but no tumor found. By indirect laryn-
goscopy I was unable to see the vocal cord. Direct examination
revealed only a small part of the vocal cord because it was hidden
by this large, firm swelling of the ventricular band. My first biop-
sy failed to show cancer, but a later biopsy with angulated forceps
revealed squamous cell carcinoma.

I started a hemilaryngectomy, but I soon saw that the lesion ex-
tended far up under the ventricular band. Total laryngectomy
showed that the lesion occupied the entire ventricle, under an in-
tact false cord. Even more interesting, the coronal sections
showed that the swelling of the false cord was simply due to its be-
ing pushed into the lumen by the cancer in the ventricle. So,
whether this large ventricle would qualify as a laryngocele or not,
it nevertheless illustrates the fact that a smooth swelling of the
false cord in a 65-year-old heavy smoker may be concealing a
large growth in the underlying saccule.

It would be interesting to know whether Dr Birt observed
cancer extending into any of these laryngoceles that he studied,
and if so, whether this condition was suspected before the opera-
tion.

DIAGNOSIS AND TREATMENT OF SMALL CALL CARCINOMA OF THE LARYNX:
A CRITICAL REVIEW (p 84)

A. FERLITO, MD

MURRAY D. MORRISON, MD (Vancouver, Canada): I would like
to thank Dr Bryce for forwarding me prior to the meeting a copy
of Dr Ferlito’s excellent paper on small cell carcinoma of the
larynx. In preparing to discuss this paper, I reviewed the recent
literature on this topic and note that a significant portion of it has

been written by Dr Ferlito, and it seems clear that he is a current
authority on this subject.

Most of the literature reports of these neuroendocrine tumors,
or apudomas, appeared during the 1980s, and the first case of one
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of these tumors in the larynx was noted in Canada in 1972, and
the second by Dr Ferlito in Padua, Italy. Dr Ferlito discusses 14
cases of primary small cell carcinoma from a series of 3,500
primary and secondary laryngeal malignancies, and this inci-
dence is in keeping with other reports similar to the smaller num-
bers that I reviewed at the Cancer Control Agency of British Co-
lumbia in Vancouver. Over a 10-year period between 1970 and
1980, we saw 653 primary laryngeal malignancies and noted two
small cell carcinomas, one being an oat cell tumor and the other a
small cell combined. My personal experience with the case of oat
cell carcinoma of the larynx was in a 40-year-old man who
presented in July 1980, with a large neck lump and an extensive
supraglottic tumor that on biopsy showed the typical oat cell
tumor appearance. Further investigation at that time revealed
widespread bony metastases, and although some palliative radia-
tion improved his laryngeal syr-ntoms, he died with widespread
disease 6 weeks after admission.

It should be noted that these small cell tumors can occur in the
upper aerodigestive tract other than in the larynx, including the
oral cavity and esophagus, and the diagnosis and management of
these lesions is similar to that outlined by Dr Ferlito. The treat-
ment is generally the same as for the lung oat cell lesions including
radiation therapy and chemotherapy, with surgery having little
to offer.

DANIEL MILLER, MD (Boston): I enjoyed this paper tremen-
dously. It points out a couple of things that are not too uncommon
for those who are doing tumors of the head and neck. One of the
points that Dr Ferlito makes is that these patients respond well to
chemotherapy. The interesting feature about this is that esthe-
sioneuroblastoma arises from the neural crest and its diagnosis is
usually made by electron microscopic demonstration of neuro-
secretory granules. Since the oat cell carcinomas respond so well
to chemotherapy, the esthesioneuroblastomas are now being
treated with the same drugs. We have been using Cytoxan,
Adriamycin, and vincristine sulfate, which have done so well
with the few cases of oat cell carcinoma of the larynx. The impor-
tant thing to recognize is that patients with this tumor should not
be treated with laryngectomy because the implication of the stag-
ing is not the same as with squamous cell carcinoma. So surgery
has very little place in the treatment of oat cell carcinoma unless
there is a poor response to the chemotherapy. The relationship to
esthesioneuroblastoma is an interesting one and ongoing.

STEPHEN P. BECKER, MD (Chicago): When the pathologist first

sees a tumor like this and proposes the diagnosis of small cell car-
cinoma, it really means a group of little carcinomatous cells the
true identity of which he does not know. Due to the poor differen-
tiation of these small cells, immunochemical methods, histochem-
ical markers, and electron microscopy are all necessary before the
pathologist can make an identification.

When the tumor cells of the small cell carcinoma are subjected
to these sophisticated tests, they show characteristics such as
neurosecretory granules on electron microscopy and neuron-
specific enolase and antibodies to neural filaments on im-
munochemistry. These small cell carcinomas are held out as dis-
tinct primary neuroendocrine tumors of the larynx. They are not
laryngeal carcinoids and are distingushed from carcinoids pri-
marily by the degree of differentiation. The carcinoid shows uni-
form cuboidal cells, large and numerous neurosecretory granules,
and positive argyrophilic methods. The small cell carcinoma has
small and relatively infrequent neurosecretory granules and is
negative with argyrophilic methods. This tumor is distinguished
from small cell squamous carcinoma by the presence of
neurosecretory granules in the small cell carcinoma. The syntax
and terminology here can lead to a lot of confusion, and to call
these small cell neuroendocrine carcinomas is a healthy develop-
ment. :

These lesions represent 50 % of nonepidermoid laryngeal can-
cer, so they are a rare but significant group. I do not agree with
the separate staging system noted in the paper since there are al-
ready too many staging systems, and I think the small cell cancer
should be staged as other laryngeal cancers are.

The important point is that the small cell carcinoma must be
recognized as a distinct entity due to its aggressive biologic be-
havior, early invasion, and blood-borne and lymphatic metasta-
ses. Due to early widespread dissemination, these lesions appear
to represent more of a systemic illness. The best treatment results
in this series were obtained with intensive chemotherapy followed
by radiation therapy. Chemotherapy is employed first due to ear-
ly occult metastases and has resulted in some 3- and 6-year sur-
vivals instead of the average 12-month survival.

This aggressive tumor is in some series almost uniformly fatal in
a short period of time. However, the author derived survival rates
in years in a few patients. I am interested in which chemothera-
peutic agents he favors and how much radiation he recommends.
I would also like to know if there are any favorable situations for
local surgery.

DEMONSTRATION OF HUMAN PAPILLOMAVIRUS CAPSID ANTIGEN IN
CARCINOMA IN SITU OF THE LARYNX (p 97)

H. KASHIMA, MD; P. MoOUNTS, PHD; F. KUHAJDA, MD; M. LOURY, MD

A. W. PETER VAN NOSTRAND, MD (Toronto): The studies Dr
Kashima and colleagues have carried out will stimulate a number
of prospective studies using gene probe and other techniques re-
quiring fresh tissue to delineate further the relationship between
the papilloma virus and the predictability toward the develop-
ment of invasive carcinoma in premalignant atypia. Using uterine
cervical carcinoma in parallel, it has been clearly demonstrated
that there is a very definite relationship between previous infec-
tion with herpes virus or papilloma virus and the eventual devel-
opment of carcinoma. The relationship is clearly not just cause
and effect, and it is being worked upon very extensively at the
present time using exactly the same kind of techniques that Dr

Kashima has applied to his area plus the gene probes to decipher
what the exact relationship between the presence of the virus at
an earlier stage and the ongoing development of cancer may be.
In fact, it may be just the reverse of what Dr Kashima has sug-
gested. In fact, those that are infected with the virus may produce
atypia that to the light microscopist may be indistinguishable
from premalignant atypia, but these may, in fact, be the reversi-
ble ones that do not develop carcinoma. So I would inject a word
of caution with respect to interpretation of the cause and effect
relationship of the presence of the virus, capsid, or other antigenic
portion of the virus, and the eventual development of carcinoma.
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ESTROGEN RECEPTOR IN THE LARYNX OF THE AGED BABOON
(PAPIO CYNOCEPHALUS) (p 102)

G. R. HoOLT, MD; T. B. AUFDEMORTE, DDS; P. J. SHERIDAN, PHD

A. W. PETER VAN NOSTRAND, MD (Toronto): This study relat-
ing the presence of hormone receptor sites to sex differences in the
larynx is interesting. It makes good sense to suggest that the
changes in the larynx that separate the sexes take place in the
mesenchymal portions, because the major differences in the male
and female larynges as we see them in humans are not differences
in the epithelium, they are differences in the size and bulk of the

mesenchymal tissues that make up the larynx and its framework.
The epithelium just seems to be along for the ride. So I am not at
all surprised by the receptor sites being present mainly in the
mesenchymal tissue and not in the epithelium. I will look forward
to the further studies that are now being carried out on the re-
mainder of that project.

IMMUNOHISTOCHEMISTRY: HELP IN DIAGNOSIS OF HISTOLOGICALLY
AMBIGUOUS LESIONS OF THE HEAD AND NECK (p 145)

R. C. BONE, MD; J. A. RoBB, MD

A. W. PETER VAN NOSTRAND, MD (Toronto): Two points I
would like to make. The glucose oxidase avidin biotin (GAB)
assay that Dr Bone described is but one of numerous refinements
in immunoperoxidase staining technique. All of these refinements
are designed to make the test more specific. The GAB assay that
he has described does make it more specific and more reproduci-
ble. One of the reasons why immunoperoxidase did not take off
like a rocket when it was first applied was the extreme difficulty
in getting reproducible results that were the same in different
laboratories around the country. With standardization of the
technique and some of the refinements like this one that are now
being achieved, you are going to hear a lot more about it. The sec-
ond point I would like to make has to do with the heterogeneity of
tumors. It is becoming more and more clear that tumors that to

the light microscopist appear uniform and homogeneous are not,
and this applies not just to the laryngeal squamous cell car-
cinomas but to tumors of other sites, breast being an obvious ex-
ample. There are large groups of breast carcinomas that look
similar to the light microscopist, but these are now being
separated into “good actors” and “bad actors” by hormone recep-
tor studies. The specific reason is that we can show that estrogen
receptor site presence in large amounts separates them out as be-
ing good behaviors in terms of the current treatment modalities
for breast carcinoma. I would predict that the profiles that Dr
Bone has described in look-alike tumors both in the larynx and
other head and neck sites will in the future allow us to predict the
behavior of such tumors and stimulate more aggressive or more
specific therapy much earlier than we now do.
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FRANCIS H. MCGOVERN
1907-1985

Francis Henry McGovern was born in Milwaukee
on September 17, 1907. He received a Bachelor of
Arts from the University of Wisconsin in 1928 and a
Doctorate of Medicine from the University of Penn-
sylvania in 1932. After an internship at Wisconsin
General Hospital in Madison, he entered an eye,
ear, nose and throat residency at the University of
Virginia in 1933, and thus began a happy associa-
tion for otolaryngology and the Commonwealth of
Virginia that continued until his death on July 9,
1985. Upon completion of residency training in
1935, he entered the private practice of otolaryn-
gology in Danville, Virginia.

He not only acquired a superb grasp of otolaryn-
gology in Charlottesville, Virginia, he also acquired
a bride in the person of Rebecca Lee, who was his
inspiration and loving companion through the
years.

Being a thorough physician and having a winning
personality, it wasn’t long until Francis had a
highly successful practice. For many, this would
have been enough, but not for him. He found time
to pursue his interest in archeology, history, and the
history of medicine. When Danville lacked an ade-
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quate library, in the finest Jeffersonian tradition,
Francis was instrumental in having one built. He
donated a large number of rare books to the Univer-
sity of Virginia Library and substantial sums to the
Health Sciences Library annually for more than 25
years. He was instrumental in developing the Dan-
ville chapter of the Virginia Museum and served as
its first director. He and Rebecca established a
scholarship at the Danville Community College,
and he made many generous bequests to the De-
partment of Otolaryngology.

He reported on cerebral air embolism following
antral irrigation in 1941 and was probably the first |
to do so. He wrote extensively on congenital cho-
anal atresia, and his contribution of the McGovern
nipple saved the lives of many infants. Although he
wrote many articles on medical history, he was
most interested in facial nerve function and paraly-
sis, and he authored some 27 papers on this subject
alone. He was one of the first to be more concerned
with the cause than the treatment of facial
paralysis, and his theories that allergy or immuno-
logical aberrations are the basic cause of Bell’s palsy
are now gaining increasing acceptance. Scientific
data are being amassed to support these theories.

Francis McGovern was a member of all major
otolaryngology societies, including the senior soci-
eties of the Triological, the American Laryngologi-
cal Association, and the American Otological Socie-
ty, Inc. These last two societies are limited to 100
members each.

The group to which Francis belonged that made
me most happy was the faculty of the Department of
Otolaryngology-Head and Neck Surgery of the Uni-
versity of Virginia. This club is even more exclusive
than the Otological or the Laryngological. There
are only 21 members. Dr Fitz-Hugh did many fine
things while he was chairman, but one of the finest
was to convince Francis to join the clinical faculty.
He did so in 1953, and Francis faithfully traversed
the 130 miles from Danville to Charlottesville twice
monthly for 32 years to teach, lecture, and research
the facial nerve.

Francis McGovern was an outstanding individu-
al: a fine otolaryngologist, a committed Christian, a
gentleman with a sense of personal honor, and a
wonderful friend.

He was most generous in his donations to the de-
partment, and his great love of books and learning
was perpetuated in the Department of Otolaryngol-
ogy-Head and Neck Surgery’s library-conference-
audiovisual room, which has been named for him.

R.W.C.
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JOHN A. MURTAGH
1905-1986

John A. Murtagh, MD, was born in Webster,
Massachusetts, on June 12, 1905. He died January
15, 1986. His career was marked by outstanding
professional and personal accomplishments.

After his secondary education at LaSalle Acad-
emy in Providence, Rhode Island, he entered
Brown University and graduated in 1930 with a BA.
He entered the University of Michigan School of
Medicine and achieved his MD in 1934. From 1934
to 1935 he held an internship at the Rochester Gen-
eral Hospital. He was a resident in otolaryngology
at the Yale-New Haven Hospital from 1935 to 1938,
and was an instructor in otolaryngology at the Yale
School of Medicine from 1937 to 1938.

In 1938, John married Eleanor Jacot and began
his career as Chief of Otolaryngology at the Hitch-
cock Clinic in Hanover, New Hampshire, which is
associated with Dartmouth Medical School. He was
certified by the American Board of Otolaryngology
in 1940. While practicing otolaryngology at the
Hitchcock Clinic, he progressed from Instructor to
Professor of Otolaryngology at the Dartmouth
Medical School. He served as consultant to the
Veterans Administration Hospital in White River
Junction, Vermont, and to the Springfield, Ver-
mont hospital.

During his career in Hanover, he authored and
coauthored many papers on laryngeal physiology

and disease. This research was done in his leisure
time and was financed by donations from his
friends. He carried out this research in addition to
clinical responsibilities in a busy practice in this
well-known medical center. His practice spanned
the change in our specialty from the era of infec-
tions and sepsis through the years of reconstructive,
conservative, antibiotic, corticosteroid, and micro-
surgical developments, and he kept his skills well
adapted to these changes.

John’s gentle understanding, his love of his fellow
humans, professional expertise, wisdom, and toler-
ance earned him the Presidency of the New England
Otolaryngological Society in 1954. He was Vice-
President of the Triological Society in 1955 and
Vice-President of the American Laryngological
Association in 1968. Besides membership in these
societies, he was a member of the American College
of Surgeons, the American Medical Association, the
American Broncho-Esophagological Association,
and his county and state societies.

The warmth and caring that he extended to his
friends was given also to his patients. Openness,
honesty, and humor sheltered him from any
thought of fault or recrimination regardless of the
outcome of a case. Thus developed a patient-physi-
cian relationship seldom equaled. He treated his
house staff with equality and respect, guided and
taught them while extending trust and responsibili-
ty, but maintained personal control of his patients.
Above all he preached and lived by the axiom “do
not make the patient worse.” Primum non nocere.

John served on the councils of the American
Broncho-Esophagological Association and the Trio-
logical Society. He was a member of the Committee
for Laryngeal Research of the American Academy
of Ophthalmology and Otolaryngology, and also a
member of the Communicative Science Study Sec-
tion of the National Institutes of Health. In the mid-
dle 1960s for 3 years, he was on a panel reviewing
National Institutes of Health grant applications in
otolaryngology.

In his early years in New Hampshire, John owned
and rode fine horses near his home. After retirement
in 1970, he moved to Florida and was able to fulfill
his love of golf. In late spring, summer, and early
fall, however, he returned to old friends and old
scenes in New Hampshire to enjoy these particular
seasons of the year.

On occasions with friends, John could quote
favorite poems and demonstrate his knowledge and
enjoyment of classical literature. The beauties of
nature were not lost on him. His humor, Irish wit,
and concern for others endeared him to many who
returned the friendship and affection he offered. He
was a beloved physician in his community and en-
joyed the personal respect and professional esteem
of his peers, patients, and colleagues.



164

During the illness in his later years, his wife and
daughter, to whom he was devoted, sustained and
supported him, reflecting the love that he held for
them. To those of us who touched his life, he con-
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tributed much that will endure. He will be missed
by many. John is survived by his wife, Eleanor, and

his daughter, Mary Murtagh.

J.P.F.
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