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HELD AT
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APRIL 23 AND 24, 1966

The Eighty-seventh Annual Meeting of the American Laryngo-
logical Association was called to order by the President, Dr. Paul H.
Holinger, at the Americana Hotel, San Juan, Puerto Rico on April
23, 1966, at 8:30 A.M.
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SCIEN TIFIC SESSION

SATURDAY MORNING, APRIL 23, 1966

The first Scientific Session of the Eighty-seventh Annual Meeting
of the American Laryngological Association, held at the Americana
Hotel, San Juan, Puerto Rico, on Saturday morning, April 23, 1966,
convened in the Arecibo Room at eight-forty o’clock, Paul H. Hol-
inger, M.D., Chicago, Illinois, President of the Association, presiding.

REMARKS OF THE PRESIDENT

I deeply appreciate the honor of serving as President of the
American Laryngological Association for 1966 and of presiding at
this 87th Annual Meeting of the Association. This highest honor
in our foremost specialty society carries the traditions of laryngologists
handed down for almost a century. One cannot help but feel humble
in reading the names on the gavel; I can assure you I do. There are,
of course, obligations with the privilege of this office which I have
endeavored to recognize and to some degree to fulfill. The Associa-
toin has the responsibility of leadership in the specialty because we
seem closer to general medicine and surgery than our sister specialty
society. It is my hope that we will make every effort to avoid isola-
tion through greater correlation of our activities with general medi-
cine and surgery. To accomplish this we might best follow the lead
suggested by Dr. Walter Heck, former Secretary of the Section of
Laryngology of the AMA, whose guidance we deeply miss, and who
brought the specialty societies into the Section program. The meet-
ings last year, carried on so successfully by Drs. Victor Alfaro, George
Sisson, Daniel Baker and Walter Maloney, with Dr. George Sham-
baugh as President of both the Triological and the Section of the
AMA, were of tremendous importance to the specialty. Our senior
groups, the American Laryngological Association and the American
Otological Society, did not participate in this combined effort to
support the AMA Section. I sincerely hope that they will do so in the
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not too distant future. Only by such participation in our over-all
parent medical group can our needs be made known and our efforts
effective in directing our wishes into action for what is best in Oto-
laryngology and in medicine. Unless we state our views to this audi-
ence that is extremely anxious to have them, we cannot object if
others step in and represent us in our stead. As leaders, we are looked
toward for an expression of laryngological thought, and it is our obli-
gation to express it where it will do the most good.

The year has been most interesting and rewarding. Dr. Lyman
Richards has conducted the affairs of the Association with his usual
thoroughness, interest, and finesse, and I have just received the follow-
ing cable from him: “Best wishes for a successful, Secretaryless meet-
ing. Warmest regards to the Fellows.” We are all extremely sorry
that at the last minute illness prevented Doctor Richards from being
here, but I am pleased to state that we have word hat he is progressing
well and should be out and among us in the very near future. In the
interim, my deepest appreciation to Dr. Francis LeJeune, former
Treasurer of the Association, and then its President, and now on the
Council, who kindly consented, at no more than a moment’s notice,
to take on the duties he had discharged so well some years back. -

I shall take this opportunity to express my deep appreciation to
the First Vice President, Dr. Carlos Munoz-MacCormick, for the
excellence of his arrangements and the overwhelming hospitality here
in San Juan. We all have enjoyed this week immeasurably, and find
this meeting of the ALA a magnificent climax. To the Officers of
the Council, I wish to extend my personal appreciation for carrying
on the affairs of the Association so exceedingly well this past year.

I should like to direct these Presidential remarks toward a prob-
lem which concerns us all in Laryngology, namely, carcinoma-in-situ
of the larynx. In the April issue of the Archives of Otolaryngology,
1966, Doctor Shambaugh published an editorial on this subject which
points out the dilemma which we face in this problem. On the one
hand we stress “conservation of function” in the management of
cancer of the larynx, stressing the use of limited surgical procedures
which just skirt the lesion, and on the other hand we talk of radical
surgery for potential extension of malignancies that carry a relatively
low rate of metastasis. Then there is a “grey zone” of which the
diagnostic significance and definition needs clarification. We speak
synonymously of “non-invasive carcinoma,” “‘intra-epithelial carci-

noma,” “carcinoma?,” “dysplasia,” “acanthosis,” “dyskeratosis,” and

99, e
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even in some instances obtain the clinical interpretation of the pathol-
ogist before he establishes the differentiation between a hyperkeratosis,
a carcinoma-in-situ, or an actual borderline carcinoma of the larynx.

What are our definitions of these terms? What are our criteria
for differentiating one from another? A variation of interpretation
surely affects our patients, and a variation of interpretation most
certainly affects statistics in our end result reports. Some centers
report an unusually low or almost non-existent incidence of patients
with hyperkeratosis of the larynx who ultimately are shown to have
developed a carcinoma of the larynx, while other centers with equal
statistical evidence of broad experience report an unusually high inci-
dence of hyperkeratosis becoming malignant. With these “Presiden-
tial Remarks” I should like to pose a question. Can we as Fellows of
the American Laryngological Association develop inflexible rules to
define carcinoma of the larynx?

Fortunately, or unfortunately, we are not alone in our dilemma.
We can compare our problems with those of gynecologists dealing
with carcinoma of the cervix, where there is a much greater clinical
experience on record and where pathologists and gynecologists are far
ahead of us in studying this problem. They have enlisted an “Inter-
national Committee for Histological Definitions” and have established
criteria on which Dr. George Wied, our Guest Speaker, will elaborate
later this morning. This Committee concerned itself with establish-
ing definitions of invasive carcinoma, carcinoma-in-situ, and dys-
plasia, which are inflexible for carcinoma of the cervix. These are
not intended to influence the choice of therapy, which still is the
responsibility of the individual clinician. But for scientific uniform-
ity of classification, these pathologic entities have been established
to their own satisfaction in their own field. It will be my pleasure
to introduce Doctor Wied later before his discussion.

At this time I have the privilege of introducing a man who has
been selected by the American Laryngological Association as its Guest
of Honor for 1966. He is a man who has done much for Otolaryn-
gology in all ramifications of the specialty and in diverse areas of
endeavor. I speak for the many men he has guided; for his direct
impact on the teaching programs of the specialty; for his insight and
help in organizational problems within the specialty; for the way
he shares his rich clinical experience with students and colleagues
both directly and occasionally with humor and a quick turn of a
phrase; for his insistence that Otolaryngology maintain its position
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in the forefront as a specialty, without apology; and, if I may add,
for my debt to him personally in guidance and encouragement.

Dr. Francis Lederer has headed the Department of Otolaryngol-
ogy at the University of Illinois since 1928 and, as a matter of fact,
was my father’s Chief in the Department there. He has always prided
himself on the number of second-generation otolaryngologists in the
Department, numbering 13 at one time. His biography includes
citations, editorships, authorships, active and honorary society mem-
berships too numerous to list here. He was a Private in the Marine
Corps in World War I and a Commander in the Navy in the Second
World War, receiving the Navy Commendation Ribbon for organiza-
tion and administration of the Rehabilitation Program of the Blind
and Hard-of-Hearing. His Navy experience took him through a
crash landing in the African jungle and over the Hump in China
before establishing this program in Philadelphia. Of his many awards
he is probably proudest of the teaching awards presented him by his
own students at the University of Illinois; they have given him the
“Golden Apple”—well polished, I am sure—many times. He has had
a profound influence on the course of Otolaryngology in the Univer-
sity, on the Board, in the government programs, and on the art and
science of Otolaryngology.
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THE BEST MILIEU FOR ADVANCEMENT
OF OTOLARYNGOLOGY

Francrs L. LEperer, M.D.

Medicine in general, and otolaryngology in particular, has been
concerned with their image in the eyes of the public as well as in the
hierarchy of the specialties. In medicine as in other walks of life, it is
evident that where people regard one another with mutual trust and
respect, the environment is more suited to progress than where a
person has to defend himself from devastating criticism. It is com-
paratively easy to pit people against people, class against class, or
group against group. Only the thinkers in a society can get people
working together to build an atmosphere of mutual respect and good
fellowship in which the learning process can flourish. Out of honest
differences of opinion comes progress. Someone once expressed the
thought that “no great ability is required to disorganize a group, but
to hold people together for a constructive purpose is a challenge to the
intellect.”

On the facade of the National Archives Building in Washington,
D.C., there are two significant statements, viz., STUDY THE PAST and
WHAT IS PAST IS PROLOGUE. This leads me to comment upon 87
glorious years of The American Laryngological Association whose
spirit reminds me of the words of Goethe, “It is delightful to transport
oneself into the spirit of the past, to see how wise men have thought
before us, and at what glorious heights we have at last reached.”

Among other things history teaches us: we are not superior to
our fathers and we are shamefully and monstrously inferior to them
if we do not advance beyond them. Those unwilling to be guided
or learn from history are condemned to lose by it. Thus, they are
relics of otolaryngology of the past and become sign posts to the
future. Such expressions are by no means novel and we are reminded
that “Originality is undetected plagiarism.” (Dean W. R. Inge)

There is a great difference between struggling for the purpose of
advancing knowledge, and suppressing all schools of thought except
one’s own. It is indeed fortunate that we have so many schools of
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thought. We in otolaryngology can devote all energy to the advance-
ment of knowledge and positive drive instead of wasting our sub-
stance on matters personal. This does not mean either that we are
to agree just for the sake of being agreeable or do we advocate a
“follow-the-leader” philosophy, currently regarded as the “peck
order.” Today’s challenge is heralded by a remark of John Henry
Cardinal Newman (1801-90), “A man would do nothing if he waited
until he could do it so well that no one would find fault with what

he had done.”

Examination of the otolaryngological mileux discloses that there
are a number of problems. In order to find a solution is: admitting
its existence, defining it, and then proceeding to understand the
problem. Many of these problems were made startingly clear while
we were engaged in a fact-finding survey. They were:

1. A concern for the image of the specialty.

2. That other groups of specialty and general surgeons have
sought to arbitrarily define the otolaryngologist’s surgical
areas without regard for individual background of training,
skill, etc. :

3. That departments of otolaryngology in some medical schools
were either non-existent or were functioning without evi-
dence of an understanding of the responsibility on the part
of the university administration for the specialty and/or
its place in the curriculum.

4. That we have not recognized or capitalized on the “acres of
diamonds” before us, namely, the medical student, whose
attention we should attract early by demonstrating the com-
monplace in our field so that it would relate to his preclinical
and clinical background.

5. That needs of the nation for specialists in otolaryngology
were so great that we must double the number of qualified
men and women in the field.

6. That requisite to the selection of faculty and house staff, pro-
fessional competence be defined.

7. That the role of the teacher be recognized and at the same
time understanding the importance of research in conveying
the scientific method in preparation for a clinical field char-
acterized by changing patterns and concepts.
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Ladies and gentlemen, it is not change just for the sake of change
that must be sought. Napoleon once declared that one must alter
tactics every decade in order to maintain superiority. In this regard,
we are faced with the challenge of accepting or rejecting current
approaches to the educational process. Today, the object of teaching
is to enable the student to get along without the teacher. The main
task of the teacher is neither to educate his students nor to stuff them
with facts or theories, nor to display his own erudition. It is to make
his students care about learning.

In every discussion concerned with residency training, the ques-
tion arises as to what becomes of the “worthy” young man who is
deemed unworthy or of the so-called slow learner. It begins with
the responsibility every department of otolaryngology assumes to
educate and train young men and women to meet the ever increasing
need for competent physicians and surgeons, those capable of carrying
out the practices and skills they learned in the many fine schools
throughout the country.

Tcday, educators in otolaryngology have a greater responsibility
than just training competent young surgeons to meet the growing
needs of the public. If we are to maintain our place in this fast
moving scientific age we must identify leadership potential at every
educational level. We must discover young men who have the poten-
tial for being more than just good surgeons. We must find those who
not only have the intellectual capacity to achieve academically but
who also possess the vision, imagination, curiosity, aggressiveness and
creativity, to set the pace and to be the leaders. It is generaly accepted
that a school is known 7o# by the number of good students it turns
out but by the number of leaders it produces.

We might as well admit that the future of our specialty depends
upon our ability as administrators to seek out, train and develop
leadership. We cannot just build the finest plant and provide it with
the most sophisticated equipment and staff it with the best instructors.
It is simply not enough to make otolaryngological education available
and then sit back and wait for potential leaders to seek us out.
Leadership is too rare a gem to entrust to chance—we must seek it out
not only in the medical school but also at undergraduate levels.

It seems that we should begin with a re-evaluation and reorien-
tation of our screening and selection methods. We might be less
preoccupied with “screening out” and more concerned with “screen-
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ing in” those qualities, traits and basic personality characteristics com-
mon to men who do not only achieve academically but go on to
become leaders in their field. Those tests which are concerned primar-
ily with the measurement of intellectual endowment, scholastic apti-
tude and boast of a “cut off” point at which the applicant for resi-
dency is accepted or “screened out” must be placed in a proper
perspective. Our interviewing techniques and resulting decisions
which can influence the career and life goals of the applicant; deci-
sions which oftentimes are based on surface observation that “he
seems to be a nice boy and appears to have done well in medical
school” must be reappraised.

If we as administrators and educators are to make better judge-
ments about the anticipated performance of physicians and surgeons;
if we are to conscientiously estimate other factors which can influence
the goals they seek, we must explore and utilize the modern tools of
appraisal to enhance our own insights about the non-intellectual
factors which influence academic and career performance. If the
present means of accomplishing this are inadequate we must be pio-
neers in this area. This has, in fact, been the goal of Arthur Loewy,
Professor of Otolaryngology at the University of Illinois who has
collaborated with John Parsons, an industrial psychologist. They
are determined to improve our screening techniques, our ability to
make better judgments about men and are motivated by the need to
seek out leadership potential. Let it be clearly understood that “tests”
must not be the only criteria. Leadership is identified with as many
skills, levels of education and intellectual needs as there are occupa-
tional titles. Uniqueness of individual personality is clearly present
in each man who earns the privilege of leadership, but despite these
unique aspects, each shares in common identifiable personality pat-
terns, attitudes and values.

In conclusion, we must view the scene of sociologic and economic
unrest without foreboding. If the selection and education of our
young men and women is maintained at the highest level we need
have no concern. We have finally emerged from our cocoon of edu-
cational complacency which placed technique as its primary goal,
identifying otolaryngology with only a few isolated procedures as if
each were a talisman. This is the service-oriented or “‘trade-school”
approach now to be replaced by motivated teachers in a mileux of
learning who strive for an end-product of otolaryngological compe-
tence defined by:
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1. Knowledge as a fundamental qualification.
2. Basic dexterity and space perceptual eye-hand coordination.

3. Ability to use one’s knowledge with discriminating, objective
judgement.

4. Capacity to correlate between problems at hand, efficient
methods of problem solving, initiative, self-direction and
emotional independence.

5. Honesty of thought and attitude and the ability to detect and
disarm fraud.

6. Efficiency and effectiveness in verbal and written communica-
tion.

7. A positive self-respecting attitude and the ability to consider
consequences of one’s action.

8. Insight into the relationship between competence and success,
and between competence and status with full realization of
the ethical responsibility involved.

&8

PrESIDENT HoLiNGER: Dr. Lederer, as usual you have given us
much food for thought. We at Illinois realize with added pride the
significance of this honor to you, recognizing the manner in which
you have led us, not only in the University but in our specialty
nationally and internationally. My congratulations to you again for
receiving this honor awarded you by the Fellowship of the Associa-
tion. You have illustrated by your discussion the reason why this has
been given you and we are deeply appreciative of all your work.



INTRODUCTION OF GUEST SPEAKER

PRESIDENT HOLINGER: In my opening remarks I indicated a
serious problem we face in laryngology and also indicated that our
Guest Speaker was one who is particularly fitted to help us. Dr.
George L. Wied was born in Carlsbad, Czechoslovakia, and last night
as he and our Guest of Honor, Doctor Lederer, met each other and
started speaking Czech, it was all any of us could do to break into
this fascinating conversation, which was worse than Greek to the rest
of us.

Doctor Wied received his medical education in Prague and his
specialty training in gynecology in Germany. He was Chairman of
the Department of Obstetrics and Gynecology in the Free University
of West Berlin where he met and married his charming wife who is
also with us today. They came to the United States in 1955, and
10 years later Doctor Wied was Professor in the Department of
Obstetrics and Gynecology at the University of Chicago School of
Medicine. He is here to help us in the problem of clarification of
carcinoma-in-situ of the larynx, and his many honors and awards
received for his outstanding work in carcinoma-in-situ in the cervix
explain the reasons for inviting him to our meeting. Doctor Wied
was Chairman of the Committee on Cytologic Terminology of the
International Academy of Cytology and is Editor-in-Chief of “Acta
Cytologica,” The Journal of Exfoliative Cytology. His laboratory
is one of the most sophisticated conglomerations of IBM machinery,
microscopes of all descriptions, unbelievable apparatus for chemical
analyses, and all the superb assistants that one could wish. I have
known Doctor Wied through his participation on the Medical and
Scientific Committee of the Illinois Division of the American Cancer
Society, where we have served together several years. Because of his
editorial in “Acta Cytologica,” in which he stated the problem of
definition of carcinoma-in-situ of the cervix, which is similar to our
own problem, it seemed appropriate to the Council of the Association
that we ask him to tell us how we can reach a similar clarification of
early malignant lesions of the oral cavity, pharynx and larynx. It is
hoped that we can reach a histologic classification that we can all
agree upon in these areas as well.



HISTOLOGICAL CLASSIFICATION OF
EARLEY MALIGNANT LESIONS ©OF THE ORAL € AVITY,
PHARYNX, AND LARYNX

Geo. L. Wiep, M.D.

CHicaco, ILr.

At the time of publication of the Tramsactions this presentation had not been
cleared by the various committees involved in these studies. Therefore, at the
request of Dr. Weid the paper was not included in this issue of the Transactions.—
Eprror.



ULTRASTRUCTURE OF TRACHEAL GILIA
AND CELLS . DURING REGENERA TION

Davip A. HiLping, M.D.

(by invitation)

New Haven, CONN.

A: @ EirpiNne; M,
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A two-day symposium on cilia at Duke University in 1965
brought forth an amazing array of information, much of it new.
However, toward the end of the symposium, one of the speakers com-
mented, “No one has seen a baby cilium.” This remark stimulated
our present study.

Just what the speaker meant by “baby cilium” was not explained.
As a matter of fact, many workers have studied the development of
cilia with the light microscope. Generally, Henneguy and Lenhossek
are credited with the theory that centrioles divide to produce numer-
ous basal bodies which then migrate to the surface where cilia arise
from them.® Our observations with the electron microscope, as well
as those of previous investigators, have confirmed the accuracy of this
view originally published in 1898. In 1923 Jordan® clearly illustrated
these steps in the developing testes and Saguchi* compared ciliogenesis
in a number of different tissues in his 1917 paper. Burian and Stock-
inger®® have caused varying degrees of injury using a number of
different chemical reagents and studied regeneration of cilia with
electron microscopy. They found that a large number of basal bodies
formed within regenerating cells prior to the development of mature
cilia. They also observed cilia which lacked normal fibrils and
appeared nearly homogeneous. They were found among normal,
injured and developing cilia and these workers interpreted them as

From the Research Laboratory, St. Luke’s Hospital, Duluth, and the Otologic
Research Laboratory, Yale University School of Medicine, New Haven, Connecticut.

Supported through grants from the United States Public Health Service Re-
search Grant No. GM 09603-03, National Institute of Neurological Disease and
Blindness, Grants NB 03447-03 and NB 3995-03 and the Deafness Research Foun-
dation.
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pathological. We have found similar homogeneous cilia and wonder
if they might represent a normal precursor stage during ciliogenesis.
That a single cilium might exhibit pathological lesions was strikingly
brought out by Duncan’s'® work on porcine atrophic rhinitis. His
study demonstrated relatively huge enlargement of some cilia with
abnormalities in the number and length of the ciliary fibrils.

Previously reported experiments'' on living calves demonstrated
the steps in regeneration of tracheal epithelium following minimal
mechanical surface damage that removed the cilia. These deciliated
mature cells remained in situ for a brief period but after an hour had
largely exfoliated leaving the underlying immature replacement cells
to rebuild the epithelium which they did in five to seven days. These
replacement cells not only matured to cilia-bearing columnar cells
but they reproduced to replace themselves with other immature cells.
The epithelium attained normal depth and near normal appearance
in four days but as of that time there were practically no cilia.

Since our aim was to observe the development of cilia after
mechanical damage these experiments looked promising and it was
decided to pursue them further with this in mind, excepting that
rabbits were used instead of calves. The questions to be resolved were:
1. How do cilia regenerate after mechanical injury? 2. What happens
within the cells during ciliogenesis? 3. Will a cell survive removal
of its cilia?

MATERIAL AND METHODS

Fifteen young albino rabbits were used in these experiments.
Light microscopic observations were made in every animal and elec-
tron microscopy was used to study tissue from seven animals.

Under combined general and local anesthesia, the trachea was
exposed, rotated, and opened with diathermy along the dorsal mid-
line. The wall along this line is membranous. The lesion (surface
injury) was produced by means of a weighted cotton swab, which
delivered a pressure of § grams (not 10 grams as in experiments on
the calves). This swab was passed once, in an axial direction, over
the epithelial surface, at or near the ventral midline. Methylene blue,
1 per cent in saline, was used to stain the track. When the epithelium
has been disturbed, it stains heavily with methylene blue in contrast
to the undisturbed, living epithelium which scarcely stains. Thus
the path of the track made by the swab may be sharply visualized
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Fig. 1.—Tracheal epithelium two hours after passage of weighted cotton
swab delivering 5 grams of pressure. The ciliated cells (C) lave been torn
off and the residual basal cells have formed a smooth layer (BL).

Fig. 2.—Five days following injury the epithelium appeared normal by
light microscopy.

and located. The course of the track was marked on the outside of
the trachea by means of 6-0 silk sutures placed in the outer wall.
The animals were permitted to live for varying periods of time up
to seven days, after which they were sacrificed by a lethal dose of
intravenous anesthetic and the tracheal specimens excised and fixed
in formalin or glutaraldehyde, respectively, preparatory to examina-
tion by light or electron microscope.

Glutaraldehyde-fixed tissue was mailed from Duluth to New
Haven for processing for electron microscopy. These specimens were
post-fixed for two hours in buffered osmium tetroxide, dehydrated
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Fig. 3.—Normal tracheal ciliated cells in low power electron micro-
graph. Numerous mitochondria (M) are visible in the cytoplasm between
the nucleus (N) and cell surface,

Fig. 4—Apical end of normal ciliated cell showing that each cilium
(C) has a basal body (B). Microvilli (M) are common between cilia.

Fig. 5.—The cells resting on the basement membrane have numerous
cell processes (arrows) which straighten to appear as microvilli after cells
above were removed.

and imbedded in Epon.® After the plastic had hardened, free-hand
sections were cut with a razor blade and mounted in liquid Epon
under a cover glass on a microscope slide. Selection of areas for
electron microscopy was made by modifying a technique taught by
Jan Wersall (personal communication) which is similar to methods
recently described by Grimley'? and Stell.*®

These razor blade sections were scanned under the phase con-
trast microscope, appropriate areas located and separated from the
rest of the section. Such chosen small bits of embedded tissue were
remounted on plastic blocks with epoxy resin and sectioned for elec-
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Fig. 6.—Diagram to illustrate how the folded cell processes between
cells normally (right) unfold to become microvilli when cells above are
removed (left).

2 DIVIDING CELL

Fig. 7—EFEach normal cilium has a 9 and 2 pattern of microtubules and
its basal body a similar arrangemen. of triplets. This diagram illustrates
that centrioles have identical ulirastructure. Centrioles are evident as the
centers of cell division (right).
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Fig. 8.—Immediately after cells above were removed microvilli were
observed on remaining basal layer cells.

Fig. 9.—Three days after injury the cells were found to contain a large
number of basal bodies between the nucleus and cell surface which was still
covered by microvilli

Fig. 10.—Homogeneous cilia (H) were numerous in five day specimens.
The same cell had fully developed cilia as well as basal bodies deep within.

Fig. 11.—In normal tracheal cells each cilium has a basal body and it is
rare to find free basal bodies in the cytoplasm.

tron microscopy (Fig. 19). Thus it was possible to examine the same
cells by both light and electron microscopy.
RESULTS

As the cotton swab passed over the ciliated epithelium it tore
away all but the basal layers of cells in most areas. There was consid-
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Fig. 12.—FElectron micrographs illustrating each of the steps dia-
grammed previously. Immediately after injury microvilli appear on the free
surface exposed by removal of overlying cells. After three days profuse
numbers of basal bodies appeared, before mature cilia formed on the upper
surface. Five-day specimens had homogeneous cilia between fully formed
ones. Basal bodies were still approaching the surface. In a normal specimen
every cilium has a 9 and 2 arrangement of microtubules and a basal body.

erable variation in the amount of damage produced because the cotton
became lubricated by mucus as it progressed, and tended to skip over
some areas with less destruction. In some spots all layers of the epithe-
lium were removed, including some basement membrane.

The destruction and repair of the epithelium was similar to that
in the calves except that in the rabbit a §-gram swab immediately
removed all cells down to the basal layer—and in some areas even
these. This was in contrast to the lesion produced by a 10-gram swab
in the calves, where only the cilia and surface of the columnar cells
were obviously damaged. Healing, on the other hand, seemed to
progress somewhat more rapidly in the rabbits, since the epithelium
had attained full thickness by three days—a stage that was attained
only after four to five days in the calves. After four days, the
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Fig. 13.—Among the microvilli that are seen at the top of tracheal cells
four days after injury, a number of homogeneous cilia are found (H). This
low power electron micrograph shows a number of basal bodies (B) rising
through the upper portion of the cell between mitochondria (M). Often a
zone (Z) free of basal bodies was observed immediately below the apical
surface.

Fig. 14.—In a section cut parallel to the upper cell surface of a five-day
specimen, homogeneous cilia (H) are shown between microvilli (M) and
mature cilia with fibrils (F).

rabbits’ epithelium had been so completely restored that usually the
swab lesion could not be identified with certainty. At the end of two
hours, it appeared as in Figure 1. At the end of three days, the epithe-
lium was of normal depth but cilia were absent or very short, as seen
by the light microscope. After five days the epithelium often looked
normal (Fig. 2).

To determine evidence of functioning cilia, ciliary streaming was
visualized with India ink three days after passage of the swab. There
was slowing in the line of the track, which formed a sagging crescent,
but the adjacent cilia dragged the mucous blanket along surprisingly
well—apparently by traction. The presence of functioning cilia
along the line of the track could neither be proved nor disproved by
these findings.
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Fig. 15.—Another electron micrograph of a five-day specimen showing
the mixture of mature cilia, microvilli and homogeneous cilia at the upper
surface of the cell. New basal bodies are seen approaching the surface. One
of them contains a circular structure (C) which is the only suggestion we
found of what may happen during basal body replication.

Polymorphonuclear leucocytes appeared in the epithelium amidst
ciliated cells showing varying degrees of abnormality. In some of the
animals surviving five and seven days these changes appeared mainly
in the swab track. Consequently, there is an element of uncertainty
about which light and electron microscopic findings are due to
mechanical trauma and the trachea’s response to it and which resulted
from superimposed infection.

Electron microscopic findings helped in understanding the way
new cilia are formed at the top of the regenerating cells, but also
raised many new questions about this process. We used the electron
microscope to study the epithelium’s appearance immediately after
the injury and during the process of regeneration.

Within a few minutes after injury, the remaining cells were
surmounted by small finger-like processes, as illustrated in Figure 8.
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Fig. 16.—The apical portion of this cell was torn off along with the
cilia. Removal of cilia without extensive damage to the cell was not ob-
served.

Apparently, these microvilli are always present in most tracheal cells
on those cell surfaces facing other cells. As illustrated diagrammatic-
ally in Figure 6, these pre-existing cell processes are normally folded
but straighten out when the overlying cells are removed.

Torn-off cells were observed in several specimens. These cells
showed marked vesicular degeneration soon after the injury. Yet the
cilia remained firmly attached to the upper portion of the cell suggest-
ing that it would be difficult to remove the cilia from one of these
cells without severely injuring it (Fig. 16).

By the fourth day after injury, many of the cells contained
numerous basal bodies in the cytoplasm between the nucleus and the
upper end of the cell which was covered by microvilli. Despite diligent
search, we never recognized basal bodies during the process of forma-
tion. Presumably, through some process they are all derived from the
cell’s original pair of centrioles.!*'?

At the time basal bodies concentrate near the upper end of the
cell, a different type of cell process or cilium appears. In general these
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Fig. 17.—Virus particles about 500 A in diameter were scen in this
specimen within its homogeneous cilia (H). Microvilli (M) are shown
between cilia. Mature cilium (C).

Fig. 18.—High magnification electron micrograph showing geometric
pattern of virus particles (VP) in homogeneous cilium.
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Fig. 19.—Illustrating how identical cells could be studied by light, then
electron microscope. A segment of trachea imbedded in Epon (A). Razor-
blade sections were cut free-hand (B) suitable for phase contrast microscopy.
Areas were selected, then separated (C) to be remounted on new blocks (D).
Remounted specimens (E) were then cut with glass or diamond knives (F)
for electron microscopy.

are the size and shape of mature cilia but they contain no fibrils . . .
they are homogeneous. Neither do they have basal bodies. They
are sausage-shaped with a narrow portion at the attachment to the
cell. They may be an invariable accompaniment of the development
of mature cilia or they could represent some sort of inflammatory
reaction.

Spherules 500 A in diameter were found in the homogeneous
cilia of one animal. They were arranged in a geometric pattern and
had a definite substructure, suggesting that they were virus particles,
but their identity cannot be determined by their electron microscopic
appearance alone. They were not evident in nuclei or cytoplasm of
tracheal cells, but were located only in homogeneous cilia (Figs.
7. 15)
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COMMENT

The question “How do cilia regenerate after mechanical surface
damage?” can only be partly answered. The ciliary shaft with its
nine and two pattern of microtubules forms only after a basal body
attaches to the surface. Homogeneous cilia may play a role as pre-
cursors.

“What happens within the cells during ciliogenesis?” A surpris-
ingly large number of basal bodies are quickly formed near the
nucleus. The way that they form by replication of the cell’s original
centrioles has not been discovered. They ascend to the upper surface
and orient themselves at right angles to the surface. Often they
appeared to pause as they collected a short distance from the upper
surface so a basal-body free zone one micron deep immediately below
it was formed.

Removing cilia from rabbit cells by our method resulted in so
much disruption that it seems unlikely that the remaining fragments
would survive.

SUMMARY AND CONCLUSIONS

Electron microscopy was employed to study the events that fol-
low mechanical injury to tracheal epithelium in the rabbit. Classical
histologists had decided that the cells of the trachea formed their
cilia after the centrioles subdivided to form basal bodies which
ascended to the upper cell surface where cilia then grew. Our elec-
tron microscopic observations confirm these findings.

Immediately after overlying cells were removed, the folded cell
processes of remaining cells straightened to become microvilli.

During succeeding days hundreds of basal bodies appeared deep
in the cytoplasm near the nucleus. They each had a close ultrastruc-
tural resemblance to centrioles. By a process we did not recognize, the
original centrioles multiplied to produce these numerous basal bodies.

Homogeneous cilia formed at the upper surface of the tracheal
cells as the basal bodies ascended and oriented themselves at right
angles to the surface. These afibrillar cilia may represent a step in
ciliogenesis.

Virus particles were recognized in one specimen. They were
found only in homogeneous cilia.

St. Luke’s HospITAL
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DISCUSSION

Dr. Joun F. Dary: I would like to ask whether all of the cells that regener-
ated develop into the ciliated epithelium or whether some cells remain free of the
cilia and merely have microvilli. Rhodine has suggested that microvilli cells may
have a hemostatic effect on the mucus. Is there any evidence of that in your study?

Dr. Francis L. WerLLe: I was delighted to hear this kind of a paper and par-
ticularly to see the accidental finding of virus particles in the cilia. For years I have
looked for and have tried to identify a viral agent in polyp tissue, and have studied
as the most probable locus the ribosomes of the cytoplasm of the cells. It is impos-
sible in such an area to distinguish between viral granules and normal granules.
This beautiful presentation of probable virus particles in the cilia is an amazing
accomplishment.
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Dr. CATHERINE SMITH: I wonder if Dr. Hilding could elaborate a bit on the
formation or differentiation of the kino-cilia. Do the basal bodies initiate the for-
mation of the fibrils within the cilia?> I wasn’t clear as to whether the “homo-
geneous cilia” are invaded by the fibrils and the kino-cilia are actually formed and
developed from the “homogeneous cilia,” or if the “homogeneous cilia” are an en-
tirely different structure.

Dr. Davip HiLping (closing): The microscopists in 1898 wondered where the
beat comes from and they looked to the basal bodies. Hans Engstrom went further
when he described the electron microscopic appearance of tracheal cilia to wonder
if their fibrillar appearance didn’t have something to do with the way the cilia beat.
I think this actually is one important question that led us to our investigation. We
want to know how the cilia function and hope that in understanding their morphol-
ogy and their genesis will provide some clue.

To try to answer the questions briefly:

Dr. Smith, we observed homogeneous cilia in most of our specimens that were
more than three days after injury—to be specific, four out of five animals. You
well know the sampling problems of electron microscopy, that we can look at only
a minute percentage of the tissue involved, but we feel that they represent a con-
stant feature at this stage in regeneration.

We were never able to visualize the invasion of the homogeneous cilia or the
microvilli by the ciliary shaft and, of course, we looked very hard for just this sort
of thing. One thing is clear and that is that the ciliary shaft does not form until
the basal body reaches the upper cell surface. You never see the ciliary shaft form-
ing within the cell such as the type of thing you see in spermatogenesis and the
formation of flagella and tissue culture, as Dr. Sorokin observed.

I would like to thank Dr. Weille for his remarks about the virus. I wish we
had some way of culturing it and doing further work to identify its type, but, of
course, all the tissue from this animal was fixed and until we run across it again
as an accidental finding we really can’t say anything more than that it looked like
a virus particle.

Dr. Daly, concerning microvilli—one thing that we couldn’t stress enough in
our presentation was the wide variation in the cells that remain, let us say, five
days after injury. Some cells showed complete maturity, some cells showed nothing
but microvilli on top. There was an increased number of goblet cells topped with
microvilli. There was a mixture of all kinds of cells and a lot of them were goblet
cells. 'We tried to trace the genesis of cilia in the cells that were going on to pro-
duce mature cilia and have not paid much attention to goblet cells.
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Replantation of the larynx is logically the first step to overcome
before the step towards homotransplantation and its immunologic
problems can be undertaken and solved. Organ replacement such as the
kidney,"® liver,* heart,”® lung™? and the immunological problems®**
are in their experimental phase with the ultimate objective of having
such structures function with reasonable satisfaction.

Transplantation of the larynx with its denervated state is a more
difficult problem because it is placed in an unsterile area. Any success
in replacing this structure which functions for airway, deglutition
and voice would be somewhat compromised in its physiological activ-
ity from the normal. With a successful “take” the unanswered ques-
tion is whether the animal can adapt to this physiological disability.

This study presents a successful canine larynx replant and homo-
transplant from the general aspects with some mention of the various
other modalities which have failed. Subsequent publications will
deal with: 1) the hemodynamics and the neurophysiological aspects
of the replanted larynx in dogs,'® 2) the technical problems of the
replanted canine larynx,'® 3) surgical pathology of the replanted
canine larynx,'” and 4) the current status of the homotransplanted
canine larynx.®

From the Department of Otolaryngology, Washington University School of
Medicine, Saint Louis, Missouri 63110.

This research project is supported by the N.LH. Grants NB-03408-05 and NB-
06200-01.
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In the early era of total laryngectomy there was no pattern of
laryngeal reconstruction following necessary removal for cancer. To
a great extent this is still true today. Gussenbauer then reconstruc-
ted an “artificial larynx” into this area in an effort to re-establish the
airway continuity between the tracheostoma and the pharynx. Voice
was rather monotonous and deglutition difficulties were present for
some patients. More recently, McCall and Whitaker®® were unsuc-
cessful in substituting a larynx in the human.

In 1962, in an effort to find a simplified larynx, the senior
author® used the host’s own tissue (cricopharyngeus) to reconstruct
the pseudocords in dogs. Although such a “larynx” functioned with
limited success, the minimum requirements for adequate adaptation
of the larynx could not be met. Swallowing was fair, airway better,
and voice excellent. Failure for deglutition inevitably led to death
in all of these animals.

In 1956,22 and 1964,*** investigations were directed towards
developing a better understanding of the physiological concepts and
principles involved with deglutition and phonation of normal animals
and in certain experimental surgical procedures of the larynx simulat-
ing clinical situations.” Through these studies and the clinical suc-
cesses of the reconstructed simplified larynx in humans which demon-
strated that a sphincter need not be present for reasonable func-
tion,”**" investigation towards a larynx replantation was initiated. In
the only reports to date on larynx replanation in dogs, Work and
Boles®® and Boles® pointed out the difficulty of small vessel anastomo-
ses. They reported no successes with replantation. However, they
showed a larynx survival with one intact vascular pedicle. The factor
of small vessel thromboses has been the principal cause for their fail-
ures to replant the larynx.

EXPERIMENTAL DESIGN

Three basic experimental situations were studied. First, it was
necessary to determine the minimum vascular requirements of the
larynx. Thirteen dogs were used to study the dynamics of blood
flow.”” The “isolated” larynx was made anoxic by clamping the
various arteries in combination, and then flow volume measurements
made from the two cranial laryngeal veins. The intrinsic muscles of
the larynx were monitored by electromyographic means.’®*® Our
isolated larynx is one where the larynx was completely dissected off
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Fig. 1.—Anterior view of canine larynx, showing arteries, veins, and
nerves concerned in the replantation of the larynx.

from its adjacent structures except that the recurrent and superior
laryngeal nerves, laryngeal and cranial thyroid arteries, cranial laryn-
geal veins and laryngeal impar were left attached to the larynx
i |

For the second series of experiments, replantation of the excised
larynx was performed with an evaluation of anastomotic sites of small
vessels. This consisted of isolating the larynx, transecting the vessels
and nerves, perfusing the isolated larynx, re-anastomosing the vessels
and nerves and re-attaching the larynx. In these experiments we
investigated only small vessel (diameter 2 mm == 0.5 mm) anastomo-
ses using various techniques.

In the third set of experiments, six dogs were used to compare
the effect of suture anastomoses of the larger vessels compared to the
smaller diameter vessels. The cranial thyroid arteries and the common
carotid arteries were considered as a unit (Fig. 1). The laryngeal
arteries were ignored because their diameters were often less than
1 mm, and were difficult to anastomose.
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Fig. 2.—Compares the diameter of the arteries concerned with the
replantation of the canine larynx, according to the weight.

In these three basic experiments, replantation was the sole aim.
With success in replantation, homotransplantations were performed.
These dogs, in addition, were given an immunosuppressive drug (Imu-
ran®) along with a splenectomy.

METHOD

Surgical Anatomy. The canine larynx is supplied by four arter-
ies (Fig. 1). Each cranial thyroid artery with its laryngeal branch is
a branch of the common carotid artery, and each laryngeal artery is
a branch of the external carotid artery. The venous return is mostly
through the cranial laryngeal veins and the laryngeal impar. The
minute veins laterally draining into the small internal jugular veins
are ligated. The relative sizes of these vessels are tabulated in Figure 2.

Technique. Ten days prior to laryngeal surgery, a preliminary
gastrostomy is performed. Using Diabutal® and Surital® anesthesia, a
midline incision is made and the larynx isolated (see above). When
the separation of the larynx is accomplished, vascular clamps are
attached to the arteries and veins (Fig. 2). Then the vessels along
with the nerves are cut. The common carotid artery (having the
cranial thyroid artery and the isolated larynx) is divided, and a bypass
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Fig. 3.—Depicts an eyelet-rivet, along with the eyelet-rivet positioned
in the Nakayama vascular clamp.

tube inserted to allow for cerebral blood flow. This common carotid
artery is perfused with a plasma expander (Dextran,® Rheomacro-
dex®) until clear fluid egresses from the veins.

At the present time our successful replant and homotransplant
of the larynx uses the eyelet-rivet technique (Fig. 3). This eyelet-
rivet technique anastomoses the common carotid artery (with cranial
thyroid) in its normal location and the lingual with the external
maxillary veins. The remainder of the larynx (either replanted or
homotransplanted) is re-approximated.

DATA

This data does not include the first 23 laryngeal experimental
dogs because meaningful interpretation could not be made. Then,
the next seven dogs had their esophagus removed along with the
larynx. Our studies showed that the inclusion of a section of esopha-
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T ABLE I

TWENTY-EIGHT CONSECUTIVE CASES OF THE
REPLANTED CANINE LARYNX

REPLANTED  CANINE  LARYNX

PARTIAL
NUMBER |MODEL| sites of or METHOD of DAYS [CONDITION [ ALIVE or
of dogs|1l 2 3|ANASTOMOSES||SOLATED | ANASTOMOSES | survived|OF LARYNX | CAUSE of DEATH

3 1 it partial suture 420-540 |good alive

8 1 it isolated | suture & pneumonia
adhesive 4-42 |necrosed | asphyxation
pl.eyelet sacrificed

2 2 s isolated | suture 1-11 |necrosed | pneumonia

good one | sacrificed

3) SlfE isolated | suture 1-3 bad anesthetic
thrombosed
vessels.

2 2 cc isolated | eyelet- 1-2 good cerebral

rivet edema

10 23| ct& c |isolated | eyelet- 2-63 |good sacrificed

i rivet asphyxation
28

This depicts the three model designs, the partial and the completely isolated
larynx, as well as the method of anastomoses, days survived, and the condi-
tion of the larynx in the postoperative period. Notice that the C-design
using the eyelet-rivet and the mechanical clamp presented the best survival
results.

gus adjacent to the larynx did not alter the viability of the replanted
larynx appreciably. This paper presents 28 consecutive cases of the
canine larynx replant (Table I).

Hemodynamics. Table II illustrates the results of venous out-
flow from the cranial laryngeal veins when the arterial supply to the
canine larynx was interrupted by clamping off any combination of
the cranial thyroid and the laryngeal arteries. It was found that one
cranial thyroid artery can supply 50 per cent of the normal venous
outflow of the larynx.

From the larynx hemodynamics experiments (Table II) it was
found that a single cranial thyroid artery with venous return through
the two cranial laryngeal veins is enough to maintain larynx viabil-
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TABEE £l

THE RESULTS OF VENOUS FLOW FROM THE CRANIAL LARYNGEAL
VEINS OF THE CANINE LARYNX WHEN THE ARTERIAL SUPPLY
TO THE LARYNX WAS INTERRUPTED BY CLAMPING OFF
THE COMBINATION OF ARTERIES AS SHOWN

VENOUS FLOW OF LARYNX
RELATED TO ARTERIAL SUPPLY

FLOW VOLUME

) SCHEMA PATENT ARTERIES

- 2 LARYNGEAL

100
<—— 2 LARYNGEAL BRANCH
CRANIAL THYROID
65 - 80 ﬁ
40 - 55 ﬁ
70 - 85 ﬂ
50 - 60 ﬁ
30 - 40 n
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ANASTOMOTIC SITES AT!

L e
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wefald 1
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CC e CAROTID
=8 E e~ ARTERY
S THYROID CARTILAGE
C CRICOID CARTILAGE

g Ef TRACHEAL RINGS
DESIGNS

SCHEMA OF FOUR DESIGNS USED TO
ANASTOMOSE ARTERIES TO LARYNX

Fig. 4.—Schematic drawing showing the Model Designs of the anasto-
motic sites for the canine larynx. For the current replant and homotrans-
plant of the canine larynx, the C design was used because its results are the
best.

ity.'>*¢ Based on this, the replant and homotransplant of the canine

larynx was performed using this technique (C design, Fig. 4).

Sites of Anastomoses (Fig. 4). All cases where the cranial thy-
roid arteries were used as the sites of anastomoses (TT design) failed.
The re-anastomoses using the C-T design where one common carotid
artery with its attached cranial thyroid branch and the opposite
cranial thyroid are re-anastomosed showed improved survival rates
compared to the T'T design. Autopsy examinations of the C-T design
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TABLE IV

THE RESULTS: OF {'HE THREE {TYPES: OF SILARNINXS
RE-APPROXIMATION FOR THE REPLANTED AND
HOMOTRANSPLANTED OPERATIONS

MobELs oF LARYNX RECONSTRUCTION

Model Cases Results
1 8 All died as result of pneumonia
2 11 5 sacrificed had moderate pneumonic consolidation

6 sacrificed had minimal pneumonia

3 5 All Model 3 eventually fistulized to become Model 2

pneumonia were the least. Success of the replanted larynx was con-
sidered as that being totally viable on the eighth day since if failure
is to occur it would have done so by the third day.

Successful Replantation of the Larynx. Reports on successful
cases done are listed (Tables I and V). We have 6 dogs with a re-
planted larynx with successes ranging from 9 to 62 days (Table I).
These replanted larynges function well for deglutition. Figure 6
shows an endoscopic view of a homotransplanted larynx (18 days
postop.). Postoperatively these dogs have been maintained on Peni-
cillin,® Streptomycin,® fluids, followed by high protein gastrostomy
feedings.

Homotransplant. The homotransplant data are given in Table V.
The third set of experimental dogs used were litter mates. These dogs
were placed on immunosuppressive drug (BW 57-322 Imuran®)
five days before surgery. From the day of surgery and thereon, main-
tenance dose was given, the latter being controlled by the outcome of
the leucocyte, erythrocyte and the differential leucocyte count. We
have done three sets of larynx homotransplants with one dog (receiv-
ing Imuran daily) surviving 48 days. This homotransplanted larynx
functions well for deglutition.

COMMENT
The success of replanting the canine larynx is contingent upon

the success of small vessel anastomoses. The success is directly related
to the size of the artery, so that chances for survival increase with the
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AIABIGE V:

THREE SETS OF DOGS WHERE THE LARYNGES WERE
INTERCHANGED

HOMO TRANSPLANTED CANINE LARYNX

NUMBER |MODEL | sites of | PARTIAL | METHOD of | DAYS |CONDITION | ALIVE or
of dogs|1 2 3| ANASTOMOSES | ISOLATED | ANASTOMOSES|survived|OF LARYNX |CAUSE of DEATH

2% 3L tt isolated suture 15 necrosed pneumonia
o% 2 c isolated | eyelet- 2=1-1: good rupture carotid
rivet bad(day 8)
necrosed sacrificed
(day 10)
2 c isolated | eyelet- 3-48 |[excellent |rupture carotid

rivet still alive

L o**

*these dogs did not get Immuno-suppressive drugs in the pre and post-
operative period; nor where they related.

**these dogs received immuno-suppressive pre-operatively, and are getting
it postoperatively.
Immuno-suppressive drug used: B.W. 57-322, courtesy Burroughs-Wellcome Co.

usage of the common carotid artery rather than the cranial thyroid
artery: ([Bigs. 1 29

From the larynx hemodynamic experiments, one cranial thyroid
artery governs 50 to 60 per cent of the normal blood flow when it
is the sole arterial supply to the isolated larynx. It increases the blood
flow almost 100 per cent when it is the sole supply.’>'® In our series
of five cases (Table I), it has been shown that one cranial thyroid
artery (and its laryngeal branch) maintains viability as long as the
outflow from the two cranial laryngeal veins are functioning. By
electromyographic monitoring'™'® one sees that 40 to S0 per cent
of the normal flow is sufficient to keep the canine larynx viable.

It was important to determine the maximum duration of time
that the isolated larynx can have its blood supply completely inter-
ruped and still remain viable while the vascular supply was re-anas-
tomosed. This factor was particularly important when four vascular
channels (two arteries and four veins) needed to be anastomosed by
the suture method. Our investigations showed that the canine larynx
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OPERATIVE PROCEDURES

MODEL. | MODEL 2 MODEL 3

i ‘ REPLACED
S fonl AN LARYNX

LARYNX R
= RESPIRATION = RESPIRATION

t,( T RESPIRATION 'f f/‘

TRACHEA TRACHEA

TRACHEA

Fig. 5.—Gives three different models of reapproximating the canine
larynx following its isolation and perfusion. Currently, Model 2 is used.

can survive for a maximum of 45 minutes with its vascular supply
completely interrupted (Fig. 7). Even for anastomosing one artery
and two veins it takes about 30 minutes. Though this is below the
critical time for irreversible shock, one can see some damage to the
muscles »'° (Fig. 7).

The use of the adhesive (Methyl 2 cyanoacrylate®) has shown
only limited value. It was difficult to keep the apposing cut surfaces
of the vascular channels together in spite of apposing vascular clamp
(our own design). Continued efforts using another type of adhesive
(Isobutyl cyanoacrylate®) and the apposing vascular clamp has shown
improved results, and it may have an eventual place. Methods to keep
the artery open with plastic eyelets were found to be of limited use.
Too much time was taken for the anastomoses, and the forceps han-
dling caused irreversibile damage to the vessel ends.

Rapid eyelet-rivet anastomoses has been found to be the ideal
method to reattach the vascular channels to the larynx. Several types
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Fig. 6.—FEndoscopic view of a homotransplanted canine larynx on the
18th postoperative day. Notice the slight edema of the anterior one third
of the true cord. This is a common persistent finding in all of our replanted
and homotransplanted larynges.

of these are in existence. For the larynx area, the limited spacc has
required a compact instrument. The Nakayama clamp with the
eyelet-rivet served the purpose adequately.

The success of the eyelet-rivet system is due to the fact that
1) the arteries are kept open following the anastomoses and 2) very
little trauma is sustained by the vessel ends because forcep handling
is kept to a minimum. Occasionally the vessel wall may slip from
the rivets of the eyelets, with hemorrhage. In two of our cases,
hemorrhage occurred within the immediate postoperative period. In
one further case, the postmortem examination on a dog (Table I, dog
#274'19) | the distal common carotid artery anastomotic site showed
a dislodgement of the eyelet-rivet, and the whole area was surrounded
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TABLE III

COMPARISON OF SUTURE, ADHESIVE, EYELET AND
EYELET-RIVET ANASTOMOSES OF SMALL VESSELS

Type of anastomoses Dogs operated Alive Dead Cause
Control* 3 3 0 —

Suture 16 3 13 thromboses
Adhesive 5 1 4 rupture
Eyelet (plastic) 5 1 4 thromboses
Eyelet-rivet (metal) 10 7 3 rupture

* Control: Larynx was isolated, and “C” design was used for all cases.

showed that the T side was invariably thrombosed, so that for all
practical purposes C-T design all became a C design. As a matter
of fact, the survival rate using the C-T design was comparable to that
where the C design was used.

Types of Anastomoses. Table III shows the results of various
anastomotic methods. These include:

1. Suture

2. Adhesive (Eastman monomer glue®)

3. Plastic eyelets of our design

4. Metal eyelet-rivets and clamp (Nakayama)

The data available clearly demonstrate that function following the
mechanical anastomoses and suture anastomoses for vessels larger than
2 mm are comparable. Suturing took about 10 to 15 minutes per
vessel, adhesives 2 to § minutes and the mechanical clamp 1 to 2 min-
utes. Therefore, for purposes of facilitation, we now use the mechan-
ical clamp. In addition to increasing the chances for larynx viability,
we use the common carotid artery as the stem in our anastomoses

(Fig. 4).

Model Designs of Larynx Reconstruction. Reconstructive tech-
niques following vessel and nerve anastomoses consist of three modeis
(Fig. 5). The outcome of these three models is tabulated (Table IV).
Model design 2 gave the best postoperative results in that deaths from
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RELATIONSHIP OF ARTERIAL SUPPLY AND EVOKED E.MG.

AMPLITUDE
(%)| OF EVOKED E-M-G

1004+

MINUTES

80

60

40

20

O —: R-POSTICUS
weeeeet R-VOCALIS

c—1-2 c-4 c—3 D—I-2:3-4

Fig. 7.—Shows the amplitude of the electromyographic responses both
graphically above, and in actuality below as related to the arterial supply.
C-1.2 refers to compression of right and left laryngeal arteries. C-3 and C-4
refers to compression of the right and left cranial thyroid arteries respec-
tively. D-1.2.3.4. refers to decompression of the right and left laryngeal and
cranial thyroid arteries respectively. Of the electromyographic responses,
the upper figure refers to the posticus, whereas the lower one refers to the
vocalis.

by fibrous tissue forming a channel for the passage of blood distal to
it (thus becoming a C model design—see above). Our cases of post-
operative mortality due to the rupture of a vessel, fell within the
range of a normal operative mortality.

Necrosis and infarction of the larynx due to thromboses of the
vessels at the sites of anastomoses constituted the principal cause of
failure. Most thromboses occurred between the immediate postoper-
ative period to three days.

The inability of the dog to handle its respiratory discharge
following surgery, and the subsequent autopsy evidence of pneumonic
consolidation in dogs dying within the immediate postoperative
period, and even thirty days later, necessitated a better method to
handle these secretions. The survival of the larynx replanted dog
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increased markedly with the application of the principle of marsupial-
ization of the subglottic and tracheal areas. In all of our dogs the
closure of the supraglottic area from the hypopharynx (Model 3,
Fig. §) and larynx pathway re-opened in a few days (Table IV)
with continuity established between the pharynx and the subglottic
area.

Following a period of healing ranging from 8 to 18 days, oral
feedings are instituted. The dogs have little difficulty in swallowing
even though the infraglottic area is wide open and the cords are
immobile. These series of experiments affirm the view previously
held®*?* that the glottis can be patent and still perform the protective
functions during deglutition as long as it is attached so that the
replanted larynx can be abutted against the base of the tongue®?*
which is intact and functioning. The phonatory components are
essentially unimportant in the rehabilitative process. Reconstitution
of the infraglottic airway is done at a later date.

It has been recommended by the developers of Imuran (BW 57-
322)** that this immunosuppressive drug be started on the day of
surgery. Our plan to begin therapy at about five days prior to
surgery and a maintenance dose to begin on the day of surgery may
have a place in the homotransplant of any body organ. Under this
regimen, the dog with a homotransplanted larynx (Table V) is now
in the 48th day (Fig. 6). This animal can swallow liquids and solids
well even though the glottis is patent and the cords are immobile.

On the basis of our limited success with replantation and homo-
transplantation of the canine larynx, the future possibilities of such
application to humans appear bright. Further immunologic studies
for recipient acceptance of the organ similar to that currently under
study for the kidney need to be undertaken in order to insure a
higher success rate.

CONCLUSIONS

1. It appears that the arterial supply to the canine larynx is
adequately supplied from each of the four arteries carrying from 60
to 80 per cent of its capacity. The cranial thyroid artery is signifi-
cantly larger than the laryngeal artery.

2. Minimum requirements for the survival of an isolated canine
larynx can be met if 40 per cent of the total blood flow, or greater,
can be maintained. One cranial thyroid artery, which has a laryngeal
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branch, and two cranial laryngeal veins can meet this minimum
requirement.

3. Since the laryngeal branch of the cranial thyroid artery is
about 50 per cent in its diameter as compared to the cranial thyroid
artery the two laryngeal arteries could adequately supply the canine
larynx. Its attachment so close to the external carotid root in the
dog makes the anastomoses difficult.

4. Successful replantation of the canine larynx is contingent
upon the method used for small blood vessel anastomoses. It is suc-
cessful when the common carotid artery is used for re-anastomoses
instead of the cranial thyroid artery. The diameter of the blood
vessel is important. The chances for a success with a2 4 = 0.5 mm
vessel (common carotid artery) is good; whereas, a 2 == 0.5 mm vessel
(cranial thyroid artery) and a 1 == 0.5 mm vessel (laryngeal artery)
is poor.

5. Pneumonia is a common complication following surgery.
Marsupialization of the infraglottic area provides good egression of
the respiratory secretions. This prevents the mucus from pooling
into the lower respiratory tract during the rehabilitative period.

6. Immunosuppressive drug (Imuran) appears to control the
antigen-antibody phenomena in the homotransplanted canine larynx.
This regimen may be started five days prior to surgery, so that only
maintenance doses need to be given from the day of surgery.

7. Good function can be maintained in the replanted and trans-
planted larynx for the dog.
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DISCUSSION

Dr. Louts H. CLErF: When I was elected a Fellow of this Association in 1925
laryngectomy was considered a mutilating operation and there were many Fellows
of the Association who felt it was unjustifiable even in the presence of carcinoma
with a view of saving the patient’s life. I am very happy to have lived long enough
to see that there are now provided replacements, even if it is your own larynx, and
to me this is one of the most remarkable advances that I believe has ever been
reported before this Association, in spite of the fact that we have been in the fore-
front in advancing whatever is good and desirable in the field of laryngology. I do
want to compliment Dr. Ogura and his associates for their ingenuity, imagination,
resourcefulness—and, happily, also the fact that they have a lot of resources to work

with in this field.

I am convinced—and I sinecerly hope that I will still be around when he or his
associates, or other Fellows—and I emphasize “Fellows”—of this Association will be
presenting to us the first successful case of a human being who has been presented
with somebody else’s larynx from the deep freeze.
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NEW: MoRrks, INE Y

The program of combined radiation and surgical therapy for
advanced carcinoma of the larynx and laryngopharynx was started
in the Department of Otolaryngology at The Mount Sinai Hospital
in 1958."* Included in this program were patients who could be
classified as stage III as determined by the VIIth International Con-
gress of Cancer.® Reclassifying the 37 patients involved according to
the criteria of the American Joint Committee on Cancer Staging and
End Results Reporting,* it was found that 19 belonged in stage IV,

nine in stage III and nine in stage II.

The treatment program is a unified and uncompromising plan
and involves, first, §500 rads tumor dose of cobalt 60 to the primary
tumor and neck nodes via parallel opposed ports in five to six weeks.
The second phase comprises an interval waiting period of three to six

From the Department of Otolaryngology, The Mount Sinai Hospital and School
of Medicine, New York, N. Y.
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weeks after the end of therapy to allow the radiation reaction to sub-
side. The third phase is the surgical procedure, generally consisting
of wide-field laryngectomy, ipsilateral hemithyroidectomy and radi-
cal neck dissection. The extent of the surgery is determined by the
preradiation examination of the lesion and is not modified by the
apparent response of the tumor to radiotherapy. Thus far, 37 patients
have been treated and 19 of 25 are living and free from disease for
periods ranging from two to seven years (Table I). The survival
rate for two years is 76 %, for three years 74%. The available litera-
ture indicates that the difference between the two and five year sur-
vival rates of these cancers treated with radiation is only 10%.° Since
the expected survival rates of these cancers treated with either radia-
tion or surgery alone is about 10 to 40%,5'%** it would seem that the
combined therapy approach will at least double the survival figure for
advanced cancer in the locations described.

As a result of the preliminary clinical effectiveness of this pro-
gram, a histopathological study of resected laryngeal and neck speci-
mens was undertaken in 1961 in order to determine precisely the
effect of radiotherapy. We studied in detail, by the serial section
technique (Fig. 1), the manner in which the cancer cells regressed
and were destroyed and the location of residual tumor nests.

A preradiation description of the appearance of the larynx on
mirror laryngoscopy and the results of palpation of the neck were
recorded on the patient’s hospital chart. A diagrammatic map was
made of the larynx (Fig. 2) and neck (Fig. 3) representing the site
and size of the primary tumor and the size and location of the palpa-
bly involved cervical nodes. These maps were brought to the operat-
ing room at the time of surgery and served as a guide to indicate the
extent of the resection. Further delineation of the lesion was ob-
tained by tomograms and laryngograms.

The surgical specimens, consisting of larynx or laryngopharynx,
neck specimen and ipsilateral half of the thyroid gland, were taken
from the operating room immediately after extirpation, examined
grossly and then photographed. The larynx with its extrinsic muscles
then was dissected free from the neck specimen and placed in 20%
formalin. The sternocleidomastoid muscle was dissected from the
remainder of the neck specimen and sent to the pathology laboratory
for routine study. The neck tissue was affixed to cork board with
thumb tacks in such a way that its configuration resembled that in
the body as closely as possible. This tissue then was immersed in 10%
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formalin and retained beneath the surface of the formalin by means
of lead weights.

The larynx was not split in order to preserve normal anatomic
relationships. Sectioning was done in the coronal plane since this
was perpendicular to most of the laryngeal mucosa. The entire planar
surface of the specimen was retained on one slide so that the relation-
ships of the tumor to the various anatomic structures within the
larynx were not disturbed. The sections obtained were large and had
to be mounted on lantern slides which were 374 x4 inches in size.
Furthermore, the processing of so large a volume of tissue dictated
that imbedding be done in celloidin rather than in paraffin.
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Fig. 1.—Typical coronal section of irradiated larynx.

PREPARATION OF THE LARYNGEAL SECTIONS

The technique of preparation of the larynges is derived from
that described by Broyles and by Tucker.! We have had to modify
this technique because of tissue changes induced by the pre-operative
radiotherapy.

Preservation. The technique of preservation is the same as that
described by Tucker. The specimen is placed in 20% formalin for
48 hours. The volume of formalin is at least ten times the volume
of the tissue being prepared. After the 48 hours, the larynx is placed
in 10% formalin for an additional three days with a daily change
of the formalin.
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Fig. 2.—Diagrammatic map of larynx with site and size of tumor repre-
sented.

Decalcification. The tissue is decalcified with 1% nitric acid
in 10% formalin. The decalcifying solution is changed daily until
the calcium precipitation test is negative. The first test is performed
after the tissue is in solution for 10 days and the test becomes negative
in 10 to 30 days. After a negative calcium precipitation test has
been obtained, the tissue is retained in the decalcifying solution for
a period equal to that which was necessary for decalcification, again
with daily changes of solution, and the tissue then is washed in run-
ning tap water for one day.

Debydration. The specimen is dehydrated by being placed in
progressively increasing concentrations of alcohol as follows: 35, 50,
80, 90, 95 % for three days in each, again with daily changes of solu-
tion. Dehydration is completed in absolute alcohol for two days
followed by equal parts of absolute alcohol and ether for one day.

Imbedding. Because the bulk of tissue is so great, imbedding is
accomplished in progressively increasing concentrations of celloidin
(parlodion): one and one-half per cent celloidin for one week, fol-
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Fig. 3.—Diagrammatic map of neck with size and location of palpably
involved cervical nodes indicated.

lowed by 4%, 8%, and 12% celloidin for five weeks in each strength,
and then 15 % celloidin for one week. At this point the cover of the
specimen jar is loosened to permit slow evaporation of the solvent
which results in the hardening of the celloidin block. This requires
four to five months. Final hardening is then achieved with equal
mixtures of chloroform and 80% alcohol for 5 to 15 days followed
by chloroform alone for an additional seven days. Finally, the celloi-
din block is placed in 80% alcohol for storage.

Sectioning and Staining. The tissue block is trimmed and
mounted on specially designed large block holders. It is important
that the trimming of the celloidin be done in such a way as to allow
the posterior surface of the larynx to be parallel to the block holder.
This permits sectioning in the true coronal plane. Serial sections 24
to 28 microns thick then are cut and stored in 80% alcohol between
numbered onionskin paper sheets. Every tenth slide is stained with
hematoxylin and eosin and mounted on 37 x 4 inches slides; alter-
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Fig. 4—Cancer focus (A) in subcutaneous tissue beneath intact mu-
cous membrane.

Fig. s.—Cancer cells in lymphatic (A) underlying intact mucous mem-
brane.

nate fortieth slides are stained with an elastic or a Masson trichrome
stain and similarly mounted. The remaining sections are stored
unstained and unmounted between numbered onionskins in large
glass jars for any additional studies that may become indicated in the
future.

In order to accommodate these large sections, we had to institute
several modifications on the standard Spencer No. 860 microtome.
First, the vertical distance between the knife edge and the block
holder had to be increased because of the thickness of our specimens.
This was accomplished by means of steel plates bolted in place between
the knife arm and body of the microtome. An especially large block
holder was machine-tooled for our tissue blocks and a large clamp
was obtained to hold the block holder firmly in place. Because of the
restricted distance between the clamp and the body of the microtome,
the metal flange by which the block holder was held in the clamp was
placed towards the edge of the block holder near the microtome.

PREPARATION OF RADICAL NECK DISSECTION SPECIMENS

In the routine pathology laboratory a radical neck specimen
generally yields 20 to 30 lymph nodes. In accordance with our pur-
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Fig. 6.—Nest of cancer cells (A) 1.5 cm distant from mucosal surface.

pose of doing a minute histologic study, we adopted a technique of
“clearing” of the neck tissue. This method involved the use of cedar-
wood oil which changes the refractive index of light transmitted
through the specimen and yielded 85 to 100 or more lymph nodes
per neck specimen. However, this technique has been abandoned
since 1) it does not include the study of soft tissues outside the lymph
nodes, and 2) the opportunity to demonstrate the precise pathways
of lymphatic involvement by tumor is lost after removing the nodes
from the specimen. Therefore, it was decided to study the entire neck
specimen, exclusive of the sternocleidomastoid muscle, by the serial
section technique.
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Fig. 7.—High power view of cancer nest shown in previous illustration.

The technique of preparation of the neck specimens is actually
adapted from a method of preparing brain tissue but involves most
of the same steps as for the larynges.

Preservation. The tissue is allowed to remain in 10% formalin
for 48 hours with daily changes of solution. Again, the volume of
formalin is at least 10 times that of the tissue.

Decalcification. This is accomplished with a mixture of 5%
nitric acid and 10% formalin for 10 days or more with daily changes
of solution. When the calcium precipitation test becomes negative,
neutralization is accomplished with §% sodium sulfate for two days,
and the tissue then is washed with running tap water for one day.

Debydration. The specimen is dehydrated in progressively in-
creasing concentrations of alcohol: 80%, 95 % and absolute alcohol
for two days each, with daily changes of solution followed by one
day in equal mixtures of absolute alcohol and ether.

Imbedding. Impregnation with celloidin is carried out in pro-
gressively increasing concentrations starting with the specimen in
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Fig. 8.—Region, formerly involved by cancer, now occupied by multi-
ple foreign body giant cells containing fully keratinized pearls.

1% % celloidin for five days, then in 3% celloidin for two weeks,
6% celloidin for two and one-half weeks, 12% celloidin for three
weeks, and finally 15% celloidin for five days.

Following this, slow evaporation of the solvent is permitted to
take place in order to harden the celloidin block. This requires about
three weeks. Final hardening is brought about by adding chloroform
for two days, and then transferring the tissue block to 80% alcohol
for at least two days.
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At this point one might conceivably proceed with sectioning
and staining. The entire planar surface of the neck would be ob-
tained on each slide and the problem of tracing the pathways of
metastatic nodal involvement would be facilitated. However, the
cost of the required slides and cover slips is prohibitive. Therefore,
we divide the tissue block into three segments and then proceed with
sectioning.

Sectioning and Staining. The celloidin block is trimmed so that
the specimen will lie as nearly parallel to the block holder as possible.
The deep aspect of the specimen is placed facing the block holder.
The sections are cut 18 microns thick and placed between numbered
onionskins in 80 % alcohol. Every tenth section is stained with hema-
toxylin and eosin. When the sections are mounted on the 3 x 4
inches glass slides, the slides are labelled stating from which one of
the three neck segments the section originated and its depth within
the tissue block. In this way we are able to reconstitute the entire
neck specimen.

RESULTS OF STUDIES OF LARYNGEAL SPECIMENS

Of the 37 patients treated by combined therapy, the larynges of
the first 10 were studied in the routine pathology laboratory. There
was excellent correlation between the clinical impression and the
results of routine histopathologic study. Four were thought to be
clinically negative for residual tumor on mirror laryngoscopy follow-
ing irradiation, and all of them were histologically negative. Five
were both clinically and microscopically positive, and only one was
clinically negative and microscopically positive. These figures are
disconcerting, however, in that they would seem to indicate that four
of the 10 operative procedures removed cured larynges. This is in
marked contrast to the clinically observed fact that the expected cure
rate of lesions of this size by radiation®**?7 is only 10 to 15 %.

The larynges of the other 27 patients were submitted for process-
ing for serial section examination. Eleven of these have been studied
completely and form the basis of this report. On mirror laryngoscopy
after irradiation, seven of these 11 patients showed no evidence of
residual tumor but actually did contain cancer remnants on serial
section study. It was believed from physical examination that the
four other larynges harbored residual cancer, but only two of the
four showed cancer on histological examination. Thus, there was a
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lack of clinical and histologic correlation in nine of the 11 specimens.
Two larynges were found to be free from cancer on serial section
study of every tenth slide.

In order to be more certain that both the laryngeal and neck
specimens indeed have been “cured” of cancer, we have inaugurated
a policy of staining and examining every fifth slide of every specimen
found negative on the usual serial section study. We believe that this
program once completed will make the chance of missing any cancer
nests insignificant.

The size of the residual tumor nests that frequently were found
in the larynges is of major importance. In five cases there were several
tumor nests 0.5 millimeters or less in diameter. Two cases contained
solitary tumor nodules between 0.8 and 1 millimeter in diameter;
another revealed the presence of a nest 1.8 millimeters in diameter.
In the remaining larynx studied there was a single focus 1x 1.5
centimeters in size. It becomes apparent, then, that in most cases the
response to 5500 rads of teletherapy is such that the tumor regresses
into tiny nests. In the hands of many clinicians, teletherapy in the
dose range of 5500 to 6500 rads is given as the primary treatment
modality, and the patient is subjected to operation only if the lesion
fails to respond to radiotherapy or if there is evidence of recurrence
of neoplasm on mirror laryngoscopy some time after the end of the
radiation treatment. It is our contention that the small size of the
tumor remnants usually found after this dosage range makes clinical
evaluation of residual tumor very difficult or perhaps impossible for
even the most experienced clinician. We also feel that the practice
of doing random biopsies on an irradiated larynx carries with it only
a small chance of finding these minute nests.

The location of the cancer remnants is even more signficant than
their size. We have seen cancer subjacent to intact mucous membrane
both lying free in the subcutaneous tissues (Fig. 4) and in lymphatics
(Fig. 5). The most diligent follow-up examinations of these patients
would fail to reveal the presence of these foci, and surgery performed
only after clinical observation of recurrent cancer would have to deal
with a new generation of cancer cells with the attendant poor results
of surgery for recurrent cancer. We believe that our findings seri-
ously question the practice of treating advanced cancer of the larynx
with therapeutic levels of radiation and operating only after the clin-
ical appearance of residual carcinoma.
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Fig. 9.—Area, formerly filled with cancer, now occupied by young
fibroblasts (A) and more mature connective tissue (B).

Another principle which has become clear as a result of our
studies is that it is essential to remove the same volume of tissue which
would have been excised if surgery had been done as the sole modality
of treatment. If carcinoma were to undergo a centripetal regression
as its response to therapeutic levels of irradiation, it would be possible
to do a less extensive resection after radiotherapy. On the contrary,
we have seen nests of tumor cells distant from the mucosal surface
presumed to be the origin of the neoplasm (Figs. 6, 7). The locations
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Fig. 10.—Young connective tissue containing randomly scattered blood
vessels surrounded by inflammatory cells in tissue formerly involved by
cancer.

of the residual cancer follow no discernible pattern and can lie any-
where in the area previously occupied by tumor.

RESPONSE OF TUMOR AND HOST TISSUES TO IRRADIATION

The histopathological response of the radiation reaction of both
tumor and host tissue has been observed. Some of the tumor cells
retain a normal cytoarchitecture. The fact that these cells seem to be
morphologically normal is not necessarily proof that they have
retained the biologic capacity for reproducing themselves and becom-
ing ultimately the sources of recurrent cancer. The problem of deter-
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mining cell viability is an important one and will be discussed in a
subsequent section of this presentation.

Often tumor cells are seen with pyknotic nuclei and vacuoliza-
tion of cytoplasm. Despite the fact that these cells retain the ability
to take a stain, they are dead and will go on to dissolution. Another
stage in the radiation reaction of tumors is represented by “lakes” that
appear in regions formerly filled with cancer. These “lakes” appear
to be keratin on low power; however, on higher magnification they
are found to be cellular debris.

As cancer cells are destroyed, they usually evoke a foreign body
giant cell reaction. These giant cells remove the destroyed cancer
cells. 'We have seen giant cells containing dying tumor cells, para-
keratotic cancer cells, fully keratinized pearls (Fig. 8), and foreign
body granulomas surrounding an empty canoe-shaped space filled
formerly with cholesterol esters from degenerated cells dissolved by
the ether alcohol in the processing.

In a later stage of the radiation reaction, the giant cells them-
selves disappear and are replaced by young fibroblasts (Fig. 9). In
the region of this newly formed connective tissue many small blood
vessels sometimes are found arranged in a haphazard manner with
considerable surrounding inflammation (Fig. 10). Still later, dense
connective tissue which is relatively avascular appears.

In both ventricles of each larynx examined to date we have noted
an abnormal squamous metaplasia of the normal respiratory epithe-
lium (Fig. 11). There is a loss of cell polarity and the presence of
large cells with huge polyploid nuclei. In some areas the normal
respiratory epithelium overlies the metaplastic epithelium (Fig. 12),
and in others the normal epithelium joins the metaplastic epithelium
at an acute angle. In most cases the transition is abrupt. These
changes if present in the epithelium of the uterine cervix would be
interpreted as carcinoma-in-situ. However, that diagnosis implies
that these changes, if untreated, would progress to an invasive carci-
noma. Since we do not know that this is true in the larynx, we can-
not call this carcinoma-in-situ; instead we have chosen the term
“atypical hyperplasia.” Recently, we have seen this same picture in
the true cord, false cord and pyriform sinus in addition to the ven-
tricle. Gabriel Tucker, Jr. has afforded us the opportunity to study
the serial sections of four unirradiated laryngeal carcinomas and the
same findings again were noted. We have made similar observations
in our own unirradiated specimens. There is no apparent relationship
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Fig. 11.—Mucosa of laryngeal ventricle showing atypical hyperplasia.
Note large polyploid nucleus (A).

Fig. 12.—Normal ciliated columnar epithelium overlying area of atypi-
cal hyperplasia.

between the sites involved by carcinoma and the locations of the
atypical hyperplasia. The changes have been seen in both ventricles
even in association with strictly unilateral lesions. In its extra ven-
tricular locations, this change has been noted in the mucous membrane
of the pyriform sinus overlying an infiltrating carcinoma and in the
laryngeal mucosa far removed from the sites involved by cancer. In
an attempt to gain further insight into the significance of this find-
ing, we have inaugurated a program of collecting the larynges of
patients who have died of bronchogenic carcinoma to determine if
atypical hyperplasia exists in these specimens. We are wondering
whether these changes are related to smoking.

The atypical hyperplasia discussed does not appear to be part of
the radiation reaction in the larynx. The response of laryngeal epithe-
lium to therapeutic levels of irradiation is usually a squamous meta-
plasia of the epithelial surfaces normally lined with columnar epithe-
lium.?® The squamous epithelium thus formed has none of the abnor-
mal features described as atypical hyperplasia. Other changes in the
epithelium as a result of radiation include squamous metaplasia of the
ducts of mucous glands without evidence of obstruction and a pemph-
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Fig. 13.—Submucosal lymphangiectasia (A).

igus-like mucous vesiculation of the squamous lining of the surface
epithelium. This latter finding of mucosal retention cysts indicates
that the ducts of the mucous glands are blocked and is probably
responsible for the absence of the mucus blanket and consequent
dryness of the throat so distressing to these patients.

Muscle changes induced by radiation include atrophy of muscle
fibers with multiple sarcolemmal nuclei, Zenker’s degeneration with
deposition of hyaline, and replacement of muscle fibers with fat cells
and scar tissue.

Peripheral nerves, normally resistant to radiation, also have been
found to undergo degenerative changes in some instances. Changes
in nerves include marked swelling of the myelin sheaths and the pres-
ence of myelin figures. These changes appear to be focal in nature;
we have seen a full-blown radiation reaction in one nerve, and no
histologic change in another just several millimeters away. It may
well be that host tissue factors play a role in this regard.

Changes in irradiated blood vessels also have been noted. Sub-
mucosal lymphangiectasia is a common finding (Fig. 13). This is
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Fig. 14.—Paratracheal artery showing marked endothelial proliferation.

thought to be due to obliteration of lymph channels by intimal pro-
liferation with resulting lymph stasis locally. Similarly, endothelial
proliferation of small blood vessels is observed frequently (Fig. 14).
There is also fragmentation of the elastic fibers in the tunica media
as well as hyalinization of the smooth muscle fibers. In addition
fibrosis of the adventitia is seen often. As a result of all these changes
there is encroachment on the lumen leading to thrombosis and obliter-
ation of the smaller vessels and reduced caliber of the lumen of larger
vessels. These radiation effects also may account for the increase in
the incidence of blood vessel rupture in the presence of wound infec-
tion and fistulization. The long-term effects of radionecrosis are
probably due, in part at least, to chronic anoxia of the irradiated
tissues.

Changes in the cartilage include perichondritis, chondritis and
cartilage necrosis of a minor degree. Whether the cartilage necrosis
is a direct effect of radiation or secondary to the effects of radiation
on nutrient vessels and perichondrium has not been answered as yet
by this study.
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Fig. 15.—Irradiated larynx with cell (A) showing normal nuclear mor-
phology. Note cell (B) in mitosis. These cells are considered viable.

Fig. 16.—Irradiated cell (A) showing clumping of nuclear chromatin,
absence of bands of chromatin. No mitotic figures seen. These cells are
considered non-viable.

Radiation effects in elastic tissue are seen most readily in the
larger blood vessels and in the conus elasticus. The characteristic
response to radiation appears to be a fragmentation of the elastic
fiber with clumping and disarray of the fragmented fibers. In unilat-
eral lesions we have at times observed a greater effect on the conus
elasticus on the same side as the tumor and a relatively normal
conus on the other side of the larynx. This has been true even in
the presence of lesions which are entirely supraglottic. Again, there
arises the question of the influence of local tissue factors on the radia-
tion reaction.

INTERESTING ANATOMIC FINDINGS

In addition to the radiation induced changes, we have noted
certain interesting anatomic findings. We have observed a true joint
lined with synovial membrane between the body and lesser cornua
on either side of the hyoid bone. It is our impression that such a
finding has not been described previously. We also have seen para-
ganglia lying outside the larynx just external to the cricoid cartilage.
Paraganglia in this region have been described rarely and there have
been no reports of carotid body tumors arising from this region. Taste
buds are a common finding in the supraglottic larynx.
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STUDIES OF RADICAL NECK DISSECTION SPECIMENS

Studies of irradiated neck specimens were inaugurated later in
our program. Four specimens have been studied so far by the serial
section technique, and an additional 13 are being processed. One
specimen was negative clinically pre-operatively and on microscopic
examination. The remaining three were considered clinically positive
both before and after radiation. One specimen was found to have
a single focus of cancer cells in a lymph node just four millimeters
long. This was not the node felt to be clinically involved after radia-
tion, and almost certainly would have been missed by the routine
laboratory examination. The other two specimens showed no evidence
of cancer, and so every fifth section of each of these specimens is
currently being prepared for study. The program of studying neck
dissection specimens by the serial section method was instituted in
part because of the observed fact that there had been poor correlation
between the results of routine pathological study and the clinical im-
pression of the status of metastatic nodes following radiotherapy.*

CANCER CELL VIABILITY FOLLOWING IRRADIATION

We have alluded earlier to the problem of cell viability. Up to
now viability has been established by the presence of the physical
criteria within the cells as observed under the highest magnification
of the light microscope (1600 x). If the nuclear morphology, such
as nucleoli, chromocenters and chromatin bands, after radiation resem-
bled that in the cell of the preradiation biopsy specimen, that cell
was considered viable.** It is probably not valid, however, to assume
that an irradiated cancer cell which has retained its morphology also
has retained its biologic capacity to reproduce itself as a cancer cell.
Supportive evidence for viability is the finding of mitotic figures
within nests of residual tumor cells after radiation (Figs. 15 and 16).*

In order to test these criteria and provide additional information
concerning cancer cell biology, a separate but related study has been
discussed. This would involve testing the ability of cancer cells to
elaborate desoxyribonucleic acid (DNA) following exposure to 5500
rads of irradiation by labeling the irradiated tissue with tritiated
thymidine and then examining the labeled cells with microautoradio-
graphic techniques.?*#*

* This phase of our study has been carried out under the guidance of Dr.
Herbert E. Nieburgs, Director of the Cytology Laboratory in the Department of
Pathology.
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SUMMARY AND CONCLUSIONS

Combined therapy of advanced carcinoma of the larynx and
laryngopharynx is a three phase program consisting of §500 rads
tumor dose of cobalt 60, followed by an interval waiting period of
three to six weeks, and then the radical surgical procedure. The
extent of the surgical resection is planned on the basis of the preradi-
ation examination of the lesion, and is not altered by the response of
the tumor to radiotherapy. To date, 37 patients, classified stage III
by the international system, have been treated with a three year sur-
vival rate of 74%.

The primary purpose of this paper is to present the findings of
histopathological examinations of the resected tissues. The laryngeal
and neck specimens removed at operation were subjected to processing
with celloidin for serial section study. The technique of processing
is complicated and time-consuming. Sections were cut about 26
microns thick and every tenth section was mounted and examined.
The locations and sizes of residual cancer nests were noted. Negative
specimens were subjected to even more detailed scrutiny to rule out
the presence of very minute cancer foci.

This study so far strongly suggests that the clinical appearance
of a larynx after exposure to therapeutic levels of irradiation is a poor
indicator of whether or not that larynx harbors residual cancer. In
most cases the residual cancer nests were too small to be seen by the
naked eye. Furthermore, cancer remnants were found underlying in-
tact mucous membrane. This fact alone would seem to question a pol-
icy of observation after radiation. It is true that in a very small percen-
tage of cases an irradiated larynx appearing clinically normal may
indeed be cured of cancer. In the large majority of instances, how-
ever, a period of observation will only serve to allow a new generation
of cancer cells to develop and thereby might negate the therapeutic
effectiveness of radiation.

It has been our observation that squamous cell carcinoma in the
larynx undergoes regression into small cancer islands distributed at
random in the tumor bed. Radiation does not cause regression of
cancer towards a central core. Thus, pre-operative radiotherapy does
not favor a less extensive curative surgical resection. Any treatment
program which depends upon biopsy of radiated tissue to determine
the limits of resection inevitably will have a high percentage of recur-
rences. It is not uncommon to observe both areas of cancer-free
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tissue in the tumor bed and cancer islands close to the preradiation
tumor margins.

Destroyed cancer cells elicited a foreign body giant cell reaction
with subsequent replacement of giant cells by connective tissue.

An atypical hyperplasia of the mucosa of larynges in areas not
involved with cancer, particularly in the ventricles, was described.
This was an intriguing finding and its significance is being explored.

The radiation reaction in mucous membranes, mucosal glands,
muscles, nerves, blood vessels, cartilage and elastic tissue was noted.

Interesting anatomic findings were described such as the presence
of a true joint between the body and lesser cornua of the hyoid bone,
and the existence of paraganglia just outside the larynx.

Of three neck specimens which were considered positive before
and after radiation, two were found to be free from cancer on serial
section study of every tenth slide. This aspect of the study promises
to yield valuable information. One conclusion which seems warranted
is that a node which remains palpable after radiotherapy may be free
from cancer.

The problem of determining cell viability of irradiated tissue was
discussed briefly. The present criteria relied on details of nuclear
morphology. A histochemical approach to this problem has been
discussed.

i EasT 1100 ST.
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There has been a surge of interest in re-evaluation of combined
therapy in mouth, tongue, pharynx, hypopharynx and larynx, em-
ploying supervoltage irradiation plus a full surgical resection.™® An
initial evaluation of this proposition would logically assume that this
is a resurgence of past history, where irradiation failures underwent
definitive surgery, now complicated to some extent by irradiation
effects on the surrounding normal tissues and by a delay in initiating
the surgical management. The same, of course, may be said for surgi-
cal failures exposed to delayed and hampered irradiation therapy.
However, the significant differences in several studies have been that
supervoltage is the source of irradiation, that both a tumorcidal and
a tumorostatic dosage level is attempted for ultimate comparison of
tissue effects, and a fully definitive surgical extirpation is part of the
over-all plan of therapy.

Since October of 1963 a program of combined pre-operative
radiation and surgery has been employed in the treatment of advanced
malignant lesions of the head and neck. These lesions had in com-
mon surgical resectability and a prognosis for two years of less than
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TABLE-N

ANTICIPATED 5 YEAR SURVIVAL RATES
ARE DEPIGTED

From Smith et al.?

Surg. Rad.

Stage I 929, 929,
Stage II 75% 58%
Stage III 489, 259,
Stage IV 349 0%

50 per cent (Table I). It must be emphasized that an operable
situation was not being sought by administering radiation to an inop-
erable case. It was with the thought of enhancing the survival that
such a program was devised.

PRE-OPERATIVE RADIATION PROTOCOL FOR ADVANCED
HEAD AND NECK CANCER

Population Under Study. All patients with primary, previously
untreated, squamous cell carcinoma of the oral cavity, hypopharynx,
laryngopharynx, and larynx are to be included in the population
under study. This group includes all patients deemed suitable by the
investigating group for randomization into the forms of treatment
under test. For inclusion into this group, the following criteria must
be met:

a) A practical surgical procedure must exist for surgical extir-
pation of the primary tumor and regional lymph nodes.!

b) The local lesion must be advanced or the prognosis otherwise
will be poor from a tumor standpoint. For oral cavity lesions, including
the tonsil, this would mean patients with a primary lesion of any size
and palpable clinically involved regional neck nodes or an advanced
(T,) oral cavity lesion with or without clinically positive neck nodes.
All lesions of the base of the tongue, hypopharynx and laryngo-
pharynx are to be included. Extensive intrinsic laryngeal lesion with
palpable clinical positive neck nodes and T, intrinsic laryngeal lesions
without neck nodes are also to be included in the experimental group.

This experimental group would basically exclude only T,, T,,
and T, intrinsic laryngeal lesions. Also excluded would be any lesion
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for which a practical surgical approach does not exist. These excluded
patients would be treated by the best methods available in the judg-
ment of their attending physician.

c) No evidence of distant metastasis.

d) General medical status sufficient to undergo the outlined
treatment.

All patients included in the experimental group are examined pri-
or to the institution of treatment with a view to designing the subse-
quent surgical procedure. This is necessary in order that an adequate
surgical procedure be accomplished when radiation therapy has been
completed and the gross tumor extent may be markedly reduced. In
patients for whom a satisfactory surgical procedure to encompass the
extent of the primary lesion and regional nodes exists, assignment is
made to pre-operative radiation group A. Within this group, a ran-
dom assignment to radiation therapy technique 1 and radiation ther-
apy technique 2 is made according to the birth-date of the patient.
Patients born on an even day of the month are assigned to pre-oper-
ative radiation technique 1, and patients born on the odd day of the
month are assigned to pre-operative radiation technique 2. After
completion of the appropriate pre-operative therapy, the initially
planned surgical procedure will be accomplished at the suitable in-
terval.

Patients considered not suitable for a surgical procedure when
first seen are assigned to pre-operative radiation group 2 and one month
after completion of their therapy, reconsideration given for possible
surgery. If at that time such surgery is considered not technically
possible, additional radiation therapy to tolerance limits is admin-
istered.

RADIATION THERAPY TECHNIQUES

A. Equipment. The Allis-Chalmers 23-mev betatron is used
for the super-voltage radiation. The x-ray beam is used only because
of its skin sparing qualities (no electron beam).

Most patients are treated at an 80 cm distance. The half value
layer (HVL) of the beam is 14 mm Pb.

In the pre-operative radiation of the laryngopharyngeal region,
the portal size varies from 6 x 8 to 8 x 10 cm, depending upon the
extent and size of the primary.
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Fig. 1.—Primary. Virtually no tumor regression detectable in this pri-
mary lesion.
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Fig. 2—An apparently gratifying tumor response in the primary site,
yet nests of neoplastic cells are scattered in the stroma.

Those patients receiving 2,000 rads receive a crossfire lateral
portal technique. Originally, this amount was administered in ten
days, but due to the delay in having the patient re-admitted for
surgery, we now recommend that the 2,000 rads be given in five to
six days. The patient remains in the hospital and is operated upon
as soon as the course of treatment is completed.
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Those patients receiving 5,000 rads are treated over a period of
four weeks, but no longer than five weeks if necessary. If the lesion
involves the midline we employ crossfire lateral technique usually
to 3,500 rads and then give the additional 1,500 rads to the site of
maximum involvement. This is usually given in anterior and pos-
terior fields nearly 90 degrees to the former so as to spare the skin
of the opposite uninvolved side and to reduce the dose to the spinal
cord. This has also the advantage of increasing the dose to any neck
nodes of the involved side which may be present.

The 5,000 rad group should be operated upon four to six week
after the completion of radiation.

B. Area of Treatment. Treatment should be designed to in-
clude the primary site and regional lymph nodes. For lesions with
unilateral neck involvement, a posterior oblique field on the ipsilateral
side should be selected. For midline lesion or lesions with bilateral
lymph node involvement, with the medial edge of their tumor more
than 2 cm lateral to the midline, two fields from the ipsilateral side
(one anterior field and one posterior oblique field) is generally satis-
factory. If the primary tumor is closer to the midline, one field on
cach side of the head is recommended.

C. Field Size. Field sizes should range from a minimum of
6x8 cm to a maximum of 8 x15 cm. They should be designed
to include the primary and nodes in the minimum practical volume.

D. Number of Fields. Ordinarily, techniques should be de-
signed as simply as possible and a two-field technique is generally
recommended.

E. Twmor Dosage. Patients randomized into pre-operative
treatment group 1 (those born on the even day of the month) are
to receive a tumor dose of 2,000 rads in a period of five elapsed days.
This would ordinarily be five treatments of 400 rads each. Surgery
in this group will follow as soon after completion of radiation therapy
as possible. Patients randomized into pre-operative treatment group
2 (those born on the odd day of the month) are to receive 5,000 rads
in a minimum period of four weeks, surgery to follow three to six
weeks after completion of the radiation therapy in order to permit
the acute radiation reaction to subside.

SURGERY

Because of the changes in the tumor and the anatomy produced
by the pre-operative radiation therapy, the surgical procedure to be
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Fig. 3.—Lymph node demonstrating complete eradication of neoplastic
cells and replacement of normal architecture with scattered round cell infil-
trate in fibrous tissue.
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Fig. 4.—Necrotic lymph node with dense population of neoplastic cells
in subcapsular area.

85



86 SKOENIK: ET AL,

performed is planned prior to institution of radiation therapy.
Regardless of the apparent clinical response to radiation therapy, it is
to be emphasized that the planned surgical procedure is to be carried
out.

Since the effect of radiation is the reduction of cellular popula-
tion and mitosis, it was postulated that the administration of localized
radiation to the affected area might be beneficial in augmenting the
surgical attack on such lesions by circumscribing the periphery of
the radiosensitive tumor cells.* During the course of the program
random samplings of the surgical specimens were studied serially by
histological means. The en bloc tumor specimen was serially sectioned
and every fifteenth slide examined for the presence of tumor cells and
post-irradiation tissue changes. It was noted that in several patients
in whom 5,000 rads were delivered to lymph nodes containing cancer
cells, serial sections demonstrated complete eradication of disease in
some nodes.

Paradoxically, it was also noted that in tumors of similar cytology
equivalent radiation produced no discernible regressive changes. A
spectrum of histopathological responses was apparent* (Figs. 1, 2, 3,
4). One must re-emphasize that this is a select series of cases in
which the lesion, though resectable, is quite extensive, and in which
the anticipated prognosis in any patient was less than 50 per cent
for a two year period. Significantly, the irradiation effect was highly
variable from one patient to the next, indicating perhaps a selective
biological response to the therapy. In some patients the clinical
response to irradiation appeared gratifiying. However, biopsies
through an intact mucosa revealed the presence of active disease.
Similarly, in random samplings of en bloc dissections serially studied,
there was no single case in which either the primary lesion or the
metastatic lymph nodes did not demonstrate the presence of tumor
cells. The tumor regression that occurred in certain patients did
permit, in select instances, a conservation approach to be employed
during the surgery.

ANALYSIS OF CASES

A total of 79 patients received x-ray therapy (Table II). Sixty-
three patients subsequently underwent surgical resection. Of the 16
patients who did not have surgery, one was deemed inoperable follow-
ing x-ray therapy, two died during therapy and six adamantly refused
to have any subsequent surgical procedure performed. The remain-
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ACABIE N

SURVIVAL RATE OF 329

All series patients receiving 2000 and 5000 rads pre-operatively.
All of these patients had extensive malignant disease
with anticipated poor survival.

Total Survival

Mos. | AcD | AsD | EcD | ESD| No
P.O. Surg.
2 7 3 12,13
12 2 6 4 11,13
18 2 8 6 1 |2%.12
24 2 7 9 32,33
30 2 2 112 2°

32%

Percentages indicate
two year survival without disease

AcD - Alive with Disease

AsD - Alive without Disease
EcD - Expired with Disease
ESD - Expired without Disease

1 - inoperable

2 - patient refused surgery

3 - gratifying x-ray response -
surgery deferred

4 - expired during therapy

ing 7 are accounted for by “a gratifying clinical response to irradia-
tion therapy (Table IIT). Of these 7 there is only one survivor who
is alive without evidence of disease 6 months since the conclusion of
his irradiation therapy. Of the 6, 2 subsequently had surgery and
all 6 have died with evidence of persistent disease.

With respect to the 63 patients operated upon, comment will be
restricted to those whose elapsed time since surgery is more than two
years. Tables are included (Tables IV to IX) tabulating all patients
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TABLE III

Total series patients irradiated (79).
Total series patients operated upon (63).

ALL LESIONS

2000R 5000R

Total cases 355 44
Cases oper. 30 29(2)
Refused 3 3(2)
Good response to x-ray  1(1) 7
Inoperable 18(22) 2

from 6 months to two and one-half years following their ultimate
therapy. For graphic purposes these extensive lesions were classified
anatomically as laryngopharyngeal and oropharyngeal. Each of these
classes is divided according to the amount of the administered radia-
tion, either 2,000 rads or 5,000 rads (Tables IV and V). There are
22 cases two years postoperative, 9 of which are alive, 7 without dis-
ease and 2 with persistent disease (Tables IV and V). Both patients
with persistent disease occurred in the 5,000 rads group. One might
draw attention to the fact that all patients in the 5,000 rads group had
surgery deferred for a period of 4 to 6 weeks following conclusion of
irradiation therapy. Of these same two patients, one presented a
primary lesion in the laryngopharynx, the other in the oropharynx.

Among the 22 patients, 9 had received 2,000 rads pre-opera-
tively. A total of 4 patients survived (44%), all with laryngo-
pharyngeal lesions. There were no survivors with the oropharyngeal
lesion. Superficially, there appears to be no difference in survival of
the patients with oral pharyngeal lesions irrespective of the amount
of radiotherapy. One must note, however, that there were but 2
patients in this latter category. A total of 3 surviving patients is
found among the 13 (38) in the 5,000 rads group. All 3 patients
had laryngopharyngeal lesions. There were no survivors in the oral
pharyngeal group. In the 15 laryngopharyngeal lesions, the best
results apparently occurred in those 7 patients who fell into the 2,000
rads group. There is a 19% disparity between the 57 % survival rate
of laryngopharyngeal lesions having 2,000 rads and 38% survival in
the 5,000 rads group. Considering the entire project from the point
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TABLE IV

These charts show all series patients with pre-operative radiation
depicting the survival results according to radiation received.

All Head and Neck
Series Patients

2000R
Mos. | AcD | AsD | EcD | ESD | No
125(0)5 Surg.
2 2 2 12
12 2 3 2
18 ai 14
24 4 4 13, 22
30 1
44%

All Head and Neck
Series Patients

5000R
Mos. | AcD| AsD | EcD | ESD | No
P.O. Surg.
5 1 13
12 3 2 11,13
18 2 4 2 1 142
24 2 3 5 12,23
30 1 9 29 12

23%

89
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TABLE V

These charts depict survival results of laryngeal lesions
receiving 2000 and 5000 rads.

Larynx
2000R
Mos. | AcD | AsD | EcD | ESD | No
P.O. Surg.
2 1 1
12 1 3
18 2 2
24 2 1 22
30
66%
Larynx
5000R
Mos. | ACD | AsD | EcD | EsD | No
19:(0) Surg.
4
12 2
18 L e
24 2 3 13
30
40%

of view of anatomical sites of the primaries, that is laryngopharynx
or oral pharynx, one finds the sole survivals to occur in the laryngo-
pharyngeal group.

COMPLICATIONS

The claim that postoperative morbidity is not substantially in-
creased cannot be entirely supported by surgical experience. A course
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TABLE VI

The survival results in pharyngeal and lateral pharyngeal
wall lesions receiving 2000 and 5000 rads are revealed.

Pharynx and Lateral
Pharyngeal Wall

2000R
Mos. | AZD | ASD | EcD | ESD | No
1250 Surg.
12
18 2
24 1 i1
30

50%

Pharynx and Lateral
Pharyngeal Wall

5000R

Mos. | ACD | ASD | ECD | ESD | No

1250 Surg.

12

18 1 14

24 1

30 12
%

of irradiation, involving a dose averaging 5,000 to 6,000 rads deliv-
ered to a vascular area such as the neck, carries the possibility of some
degree of anemia from the destruction of blood corpuscles. There-
fore, during the postirradiation phase and for a varying time, the
general healing powers of the tissues must inevitably be impaired.
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TABLE VII

These charts show survival results in base of tongue
and epiglottic lesions receiving 2000 and 5000 rads.

Base of Tongue and Epiglottis

2000R
Mos. | AcD | ASD | EcD | EsD | No
195 (0) Surg.
1 12
12 1
18
24 1 1 13
30
50%

Base of Tongue and Epig lottis

5000R
Mos. | ACD|ASD | E¢D | ESD| No
PO Surg.
12 1 1 13
18 1 4

24 1 13,13
30 1 13

50%

At every level, the normal vascular bed and its innervation are,
therefore, impaired to a greater or lesser extent by the developing
fibrosis and as the blood flow from one level to another is reduced.
There may also be other less identifiable and perhaps more profound
changes in the irradiated tissues whereby the cells are enfeebled and
their growth and reparative powers affected, even when the blood



HEAD AND NECK CANCER 93

TABLE VIII

These charts indicate survival results of the combined laryngopharyngeal
lesions. Laryngopharynx includes larynx, base of tongue and
epiglottis, as well as pharynx and lateral pharyngeal wall.

Laryngo-Pharynx

2000R
Mos. | ACD | ASD | EGD | ESD | No
120 (0): Surg.

2 2 1 12

12 2 3
18 2 4
24 4 3 13,22
30

57%

Laryngo-Pharynx

5000R
Mos. | AGD | AsD | EcD | ESD | No
PO Surg.

4
12 3 1 13
18 5 | 1 4d i
24 1 3 3 23
30 1 12

38%

supply appears adequate. This is sometimes demonstrated by the
failure of apparently good skin to accept a transferred well-vascular-
ized tube pedicle graft.

The disabling complications of pharyngocutaneous fistulae and
massive carotid artery hemorrhage were studied in all cases irrespec-
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TABLE IX

These charts depict survival rates in oral pharyngeal
lesions which include anterior 2 /3 of tongue, floor
of mouth, gingiva, tonsillar and soft palate.

Oral-Pharyngeal

2000R
Mos. | AZD | ASD | EED | ESD | No
P.O. Surg.

1

12 2
18 2 12

24 1

30 1

0%

Oral-Pharyngeal

5000R
Mos. | AéD | ASD | EGD | ESD| No
P.O. Surg.
1 1 13
12 1 11

18 1
24 1 2 12
30 1 1 | 2

0%

tive of the elapsed postsurgical time (Table X). A pharyngocutane-
ous fistula evident beyond the fourteenth postoperative day occurred
in 33 of the 63 cases (52 per cent). Twelve of these cases were in
the 2,000 rads series and of these, 9 closed spontaneously. In the
5,000 rads series, 9 of the fistulae closed spontaneously. Of the 3
cases of persistent pharyngocutaneous fistula in the 2,000 rad cases,
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TABLE X

Thirty-three patients developed fistulae of which 15 required
reconstructive closure. Carotid artery hemorrhage invariably
occurred in the presence of persistent fistula and disease.

COMPLICATIONS

2000R 5000R

Primary healing 18 12
Fistula 12 2l
Fistula healed 9 9
Persistent fistula 3 12
Carotid a. blowout 1 2

2 evidenced persistent disease, only 1 of whom is alive. The third
is alive, 6 months postoperative, without evidence of persistent or
recurrent disease. Of the 12 cases of persistent pharyngocutaneous
fistula in the 5,000 rads program, § displayed disease from one month
through 2 years postoperatively, two of whom are surviving. Of the
remaining 8 patients free of tumor activity, one died 18 months post-
operatively without evidence of disease. The elapsed time from sur-
gery of the survivors spans 3 to 24 months.

In summary, the persistence of a pharyngocutaneous fistula in
the 2,000 rad series usually indicated presence of active disease. In
contrast, active disease was present in less than half of the cases of
persistent fistula in the 5,000 rad series, leading one to surmise that
the poor healing response might in some way be related to the effect
of the radiation.

The alarming hemorrhage from carotid artery blowout occurred
in 3 of the 63 patients operated upon (5%). All 3 patients mani-
fested a pharyngocutaneous fistula. All survived the acute hem-
orrhagic diathesis. The sole patient from the 2,000 rads group died
one month following ligation, with active disease. The remaining 2
from the 5,000 rads series are alive but with disease present in the pri-
mary site. These patients had, as common denominators, persistent
pharyngocutaneous fistulae and presence of persistent disease at the
primary site.
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TABLE XI

Anatomic comparison of lesions in 2000 and 5000 rad series,
indicating augmentation of 2 year survival in laryngopharyngeal
group and disappointing results in oropharyngeal group.

2000R 5000R

Laryngopharynx 57% 389%
Oral-pharynx 0% 0%
Total 449 23%

Combined 329,

2000R 5000R

Tong. and epig. 50% 50%

Larynx 66% 40%

Pyrif. sinus 50% 0%

Total 57% 38%
SUMMARY

A program of combined pre-operative irradiation therapy has
been presented. Cases included in this study were those which, based
upon previous experience, were operable but judged to have a progno-
sis of less than 50 per cent two year survival. The methodology and
protocol of irradiation therapy has been presented. A tabulation of
all patients in the entire study is included and discussion of survival
is centered about those patients in whom surgery was performed at
least two years prior to this publication.

The histological changes that occur with irradiation therapy are
noted. Attention is drawn to the fact that random histological sam-
plings of the en bloc dissections serially sectioned demonstrated that
in no case was there complete eradication of the tumor either in the
primary site or in the metastatic lymph node following irradiation
therapy. It is also noted, however, that in certain select instances in
which a tumor regressive response occurred, a conservation type of
procedure was performed. Postoperative complications, namely, those
of pharyngocutaneous fistulae and carotid artery hemorrhage, are
mentioned.
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CONCLUSIONS

The morbidity of the patient operated upon was accentuated by
the incidence of persistent pharyngocutaneous fistulae. These fistulae
were more common in the 5,000 rads group. Those that occurred in
the 2,000 rads group were coincidental with a poor prognosis and
usually indicated persistence of the neoplastic process.

Considering the laryngopharyngeal lesions as a unit, the com-
bined modality of radiation therapy and surgery did augment the
two year survival. In the oral-pharyngeal group, the results were
disappointing (Table XI).

One must recognize that this is an early, though not premature,
appraisal of a continuing program. Although trends appear, a definite
statistical analysis of the data and population must await further long
term case studies.

1853 WEsT PoLk ST.
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DISCUSSION

Dr. GEORGE A. SissoN: The use of pre-operative irradiation for the control
and cure of cancer is certainly not new. This procedure, I presume, is up for
discussion today to determine whether or not it should be considered as a standard
part of our therapeutic armamentarium. This method of treatment is the subject
of debate in other specialties. The skin sparing qualities of CO-60 and other super-
voltage radiation have contributed considerably to this increase in interest.

Today we are attempting to evaluate in our Society two papers that have
presented current statistical and histological evidence that there is merit in planned
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and programmed combined radiotherapy, particularly in reference to the head and
neck.

Theoretically there are three reasons why such a program might be advocated.

The first is that the radiotherapy possibly could render a locally inoperable
lesion resectable. When one subscribes to this concept, then it follows that he must
have accepted the theory that inoperable primary cancer is actually radiosensitive.
This has been substantiated in the laboratory by such investigators as Powers, Toh-
mach, Ogura and others. However, most radiotherapists, and Dr. Moss particularly
comes to mind in this regard, state on record that they reject this theory in the
absence of clear cut clinical confirmation.

The second reason for advocating pre-operative therapy is the current thought
that possibly one could render highly malignant cells non-viable, thereby lessening
lecal and distant seeding of malignant cells during surgery. Hoye and Smith in
1961 substantiated this theory in laboratory work on mice.

A third reason frequently presented, and particularly true in head and neck
cancers, is that it is often difficult to accurately estimate the extent of spread. Many
times this pre-operative judgment is necessary in order to select the most effective
method of treatment.

Two essays have just been presented on this subject. Dr. Goldman and his
group actually were modern pioneers, having started their pilot study in 1958.
Their scholarly approach and particularly their careful laboratory work has quick-
ened the interest of many pathologists, radiotherapists and, of course, otolaryngol-
ogists. What we truly want to learn is whether or not we can accept these conclu-
sions—are we ready to accept them and are we ready to use them? Because of the
tedious technical problems ever present in the laboratory as well as the inordinate
number of man hours necessary to study final specimens, this report today involves
only thirty-seven cases although it dces cover an eight year period. The specimens
are from eleven larynxs and four necks, but even with this small series a trend is
detected. However, I feel we must critically analyze the 769, two-year rate that
he has reported. This was perhaps highlighted a bit more in the original manuscript
than it was today. In the paper it is compared to the 109, to 309, cure rate and
so implies that results with pre-operative therapy show a 409, to 609, improvement
in cure rate. This conclusion is based on the report that since 1958 nineteen out
of twenty-five survived for at least two years. If we are to accept this, then I think
we have to ask Dr. Goldman one question, and I am certain he has the answer.
Why are stage II and stage III cases included? Perhaps it is a retro-classification.

While T personally might favor using pre-operative radiotherapy for certain
stage II and III laryngeal cancers, I still would hesitate to include them in an ad-
vanced laryngeal protocol for fear they would weight the statistics, since by standard
methods their cure rates are high.

Our reported five-year cure rate statistics reported in Syracuse showed an 839,
cure rate for forty-eight cases in stage II, an 869, cure rate for nine cases in stage
IIT and only a 309, cure rate for twelve cases in stage IV. In a larger series, men-
tioned in both papers, Smith reported a 759, cure rate for stage II and a 489, rate
for stage III. Consequently, I would like to ask Dr. Goldman if any of his nineteen
cases still alive are stage II or stage III? Or, conversely, of the six cases that died,
how many were stage IV? It would be of interest if Dr. Goldman could include
stage IV cases only or possibly classify somewhat more precisely in his stage II and
IIT cases.

Dr. Skolnik and his co-workers have taken on a most ambitious project and, as
he mentioned, it is a preliminary report. In a sense it seems that he is analyzing two
distinctly differently planned programs.
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One is the effect of irradiation when used to prevent neck node recurrences,
somewhat similar to Dr. Frazell’s series at Memorial; the other is a program on
irradiating advanced head and neck lesions with 5000 rads, somewhat similar to
Dr. Goldman’s series.

Possibly it should be noted that this series is partially randomized. However,
neither the New York nor the Chicago series has randomized controls. Of course,
the need for controls is recognized, but we are all sympathetic to how difficult, how
impractical and often how inhumane rigid controls can become when applied in a
randomized series involving human beings. When a favorable trend is reflected, we
all want to use it.

Dr. Skolnik’s series, as used for both his programs, includes seventy-nine cases;
and, as he has stated, only twenty-two are ready for a two-year evaluation. The
graphs that I have received and actually that part of the paper that Dr. Skolnik
didn’t have time to present pointed out how few cases were used to make his conclu-
sion, and so I think, and Dr. Skolnik would probably agree, that it is too early in
this series to even consider a trend.

Both reports demonstrate the difficulty encountered when trying to persuade
a patient to undergo surgery. Both convincingly pointed out that the absence of
disease cannot be proven by clinical examination or standard histopathological
methods, particularly with the beautiful sections of the still viable submucosal tissue.

In spite of what our colleagues, the radiotherapists, would like us to believe,
fistulae and complications are a problem. Both authors brought out this point and
I personally will continue to use pre-operative radiation in selected lesions of the
head and neck. I do not believe we have to date enough laboratory evidence to
extend this modality to other than certain highly selected cases. At this time we
only have a clinical impression and a small amount of laboratory evidence that is
really of value.

I would hope that more investigators and more laboratories will take on these
programs.

Dr. GasriiL F. TUCKER, JRr.: In listening, I am reminded of a question which
comes from the laboratory work we have done. Since starting on our modification
of Dr. Broyles’ original method we have studied over a hundred larynges. It is
true that few of these are combined therapy patients, but there are some radiation
failure cases which bring out a point which I think might be further investigated.

In some of these failures there was found—in the area around the residual
tumor—relatively unirradiated tissue. Now to us this would suggest that in these
cases, radiation as a method, failed although it was probably due to the fact that
the radiation beam did not hit all the ramificaionts of the tumor. In Dr. Goldman’s
material there were cricothyroid nodes in the very anterior part of the specimen;
there was also posterior arytenoid disease in the posterior part of the specimen. I
wonder if, as his work progresses, correlation was made for irradiation effect im-
mediately to the tumor and if correlation was made with the radiotherapist’s ports
and his ability to stick to the port he planned.

Dr. Doucras P. Bryce: I have listened to both these papers with great interest
because we have also engaged in this field for more than five years now and we feel
very enthusiastic about the use of pre-operative radiotherapy.

I merely want to make one point, which will not help the situation, but—

Dr. Goldman, you are aware of the difficulty in maintaining a rigid program
in this field. In other words, the patient who has had his radiotherapy is feeling
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much better and you wait five weeks and you have difficulty in convincing him,
and his referring physician, that a radical surgical procedure should be followed.

I suggest that on the basis of some recent research that possibly the future in
this field of pre-operative radiotherapy will be along the lines that we have followed
recently in which we have given the patient a largish dose of radiotherapy, 1000 r,
in selected cases an hour prior to the surgical procedure and then have carried out
our radical surgical procedure. This applies chiefly in the field of pharyngolaryn-
gectomy and has great advantage in that you are eliminating the problems of post-
operative complications.

Just a suggestion which will throw a little more confusion into the picture!

Dr. GoLpMAN (closing): It is not possible at this hour to answer all the ques-
tions that can arise in relation to this complexe problem. I shall try to answer a few
of them.

It is obvious that if a program of this kind is to be successful, the original plan
must be observed very accurately. As I indicated in the last few slides, the lesions
that are mapped before radiotherapy are the tissues that must be excised, which
include the entire original tumor. Any deviation from this will lead to recurrences.

You are aware of the difficulties that have existed in the past with regard to
classification. There is no one classification which is perfect. When we started
this work in 1958, the classification that was accepted at that time was the inter-
national classification of the VIIIth International Congress of Cancer and we have
included in this program one group of cases, those which could be classified as Stage
III according to this classification, which are advanced lesions.

In 1961 there was the report in this country of the American Joint Committee
on Cancer Staging and End Results Reporting. We reclassified our cases to indicate
for your information how they related to the criteria of this Committee. This
may create some confusion, but we must adhere to our original program of includ-
ing cases that can be classified Stage III according to the international classification
of 1958 if our reports are to be properly analyzed and evaluated.

I indicated that there were six deaths in our series and three of these were due
to local disease. In analyzing these latter cases, we were able to come to the conclu-
sion that radiation and surgical errors may have played a part in these failures. We
have corrected these errors.

As far as controls are concerned, we have had since 1930 many reports on
results from x-ray therapy and from surgery. These are the controls. What can
be accomplished by x-ray therapy alone and by surgery alone has been established.
We have to accept these results as the survival rates (which have been poor) and
we should regard combined therapy, whether it is combined radiotherapy and sur-
gery or combined radiotherapy and chemotherapy and surgery, as an evolutionary
process in the treatment of cancer of the larynx.

It is difficult to evaluate the question of complications. In our series every
patient healed ultimately. We have had our share of complications. Radiotherapy
does make some of the healing problems more difficult, but our objective is to im-
prove and obtain the best survival rate. However, I wish to call to your attention
that patients belonging to Stage III and Stage IV in the past have developed com-
plications even without radiotherapy.

It seems possible to improve the survival rate of these patients from 20 to 25
per cent to over 60 per cent; an increase in complications should not be a deterring
factor.
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In closing, may I repeat that this program to be significant has to be rigid and
for this reason we follow an uncompromising plan. I am grateful to Dr. Daly for
including in a panel discussion on this subject at last year’s meeting in New York
a mystery guest who turned out to be a statistician. At the end of the discussion,
he stated that our statistics were valid.

Dr. SkoLNIK (closing): I would like to thank Dr. Sisson. He did an admir-
able job of evaluating these two papers and presenting other studies of a similar
category.

I congratulate Dr. Goldman for his persistent attitude in this type of program.
Although this has already been alluded to as an “old type” of program, I think
only in the last eight or nine years has there been an attempt to create and bring
forth a very systematized type of program such as Dr. Goldman has presented.

As far as the pitfalls of percentages, I agree that this must be carefully evalu-
ated. Dr. Sisson mentioned statistics. When one talks about percentages, they
become meaningful only when there are sufficient numbers of cases in similar cate-
gories.

Qur statistical department suggests very definite trends and that we must
pursue this course of randomization.

Of particular emphasis, as I mentioned earlier, is that we were not attempting
to convert an unresectable lesion into a resectable state. One should be very cautious
of this and, as Dr. Goldman mentioned, one cannot deviate from the original defini-
tion of the program and must carry out the definitive surgery as planned prior to
radiation.

Regarding the complications, many of the patients that we operated had exten-
sive disease involving the pharynx. When the pyriform sinus is involved and there
is extensive involvement of the base of the tongue, it was not uncommon to have
complication, even though they have not had radiation. However, complications
were more numerous when radiation was employed. Furthermore, it must be recog-
nized that we are not trying to bring out the radiation failures.

I encourage the use of the program of combined therapy and in 3 to § years,
the final results will be significant, and will decide the merits, if any.
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The purpose of this paper is to point out certain differences in
the behavior of the esophagus which we have encountered in metas-
tatic carcinoma arising in a distant organ and to call attention to the
differences which the endoscopic picture presents. In particular, we
would like to call attention to certain hazards which have not hereto-
fore been appreciated.

Metastatic cancer of the esophagus is unusual. It has been
reported in a study by Fischer’ who found 55 cases of metastatic
carcinoma of the esophagus in a collected group of 10,044 autopsies
performed on patients with carcinoma. Toreson® discovered 19 in
599 autopsies on carcinoma patients, an incidence of 3.2%. Gross
and Freedman® in 1942 reported a patient presenting symptoms of
esophageal obstruction produced by a carcinoma of the prostate which
metastasized to the esophagus and felt that it was a very rare example
of a metastatic tumor to the esophagus. The patients reported by
Toreson consisted of the 19 cases mentioned above, plus 7 other cases
which he found in his autopsy records, making a total of 26 cases.
Of these 26, twelve presented the symptom of esophageal obstruction.
In nine of these patients the tumors were primary in adjacent organs
so that the involvement of the esophagus was by simple extension of
the tumor into a contiguous organ. Of the 26 cases which he reported
only three presented with dysphagia produced by metastases from
a distant primary. Two of these were patients with carcinoma of
the breast and a third with a carcinoma of the testis. Carcinoma
has been reported in the esophagus arising from the following organs:

From the Broncho-esophagologic Clinics of the University of Pennsylvania.
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stomach, breast, larynx, hypopharynx, pancreas, testis, eye, tongue,
bronchus, mediastinal lymph nodes, prostate, tibia, and undetermined
sites.
INVOLVEMENT OF THE ESOPHAGUS BY TUMORS ARISING
IN CONTIGUOUS ORGANS

It is common for carcinoma of the cardiac end of the stomach
to manifest itself initially by esophageal symptoms. Most commonly
this is a direct extension of the tumor into the esophagus producing
dysphagia and presenting no particular problem to the endoscopist
because the fungating tumor in the lumen of the esophagus makes
diagnosis easy. Occasionally these carcinomas will extend into the
esophagus submucosally producing a stenosis of the esophagus with-
out ulcerating into the lumen. This increases the diagnostic problem
because of the difficulty of obtaining a biopsy. I am aware of only
one instance of invasion of the esophagus from a carcinoma at the
pyloric end of the stomach and this is reported in the series of Toreson.
Carcinomas arising in the trachea and larger bronchi frequently
extend into the esophagus. At times it is difficult to be certain which
side of the party wall was the primary site. The symptoms may be
related to the respiratory tract or esophagus. Llambes and Moreno*
reported three patients whose bronchogenic carcinomas first mani-
fested themselves by the development of esophageal stenosis.

Tumors of the larynx, trachea, bronchi, stomach, hypopharynx
and perhaps the thyroid are in reality only extensions of the primary
tumor. They constitute only a variation in the behavior of the
primary tumor. The diagnostic problem here is essentially the diag-
nosis of the primary lesion which includes an estimate of its extent in
order to evaluate properly its therapeutic possibilities. It is to be
noted that mediastinal lymph nodes involved with carcinoma rarely
extend into the esophagus.

INVOLVEMENT OF THE ESOPHAGUS BY METASTASIS
FROM DISTANT TUMORS

It is sometimes difficult to determine just what constitutes pri-
mary and what constitutes secondary carcinoma of the esophagus. In
1961, we saw a §S-year-old man (Case 1) with well-differentiated
carcinoma involving the right cord and the subglottic larynx (Fig. 1)
immediately beneath it. It appeared to be completely removed by
total laryngectomy. There was no evidence of blood vessel invasion
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Fig. 1.—Larynx removed in Case 1 five years before onset of esophageal
symptoms.

and the lines of resection were free of tumor. On March 10, 1964,
a slight prominence was noted in the right superior mediastinum
which was thought to be vascular. When he returned for follow-up
in February, 1966, he complained of abdominal discomfort, diarrhea,
and weight loss and was admitted to the hospital for evaluation.
X-ray examination (Fig. 2) at this time showed a very typical carci-
noma in the midesophageal area which, on esophagoscopic examina-
tion, had the characteristic appearance of a primary esophageal
carcinoma. Biopsy of the esophagus and the bifurcation of the
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Fig. 2.—Roentgenogram showing esophageal deformity in Case 1 after
onset of esophageal symptoms. Previous radiologic study of the esophagus
was negative.

Fig. 3.—High esophageal constriction from carcinoma of pharyngeal
origin (Case 2) six years after original diagnosis of cancer. Note smooth-
ness of mucosal outline.

trachea both demonstrated a squamous cell carcinoma which had the
identical cellular appearance as the tumor that had been removed
from the larynx. There was no sign of recurrence in the tissues of
the neck or trachea and it was our feeling that this was probably a new
tumor of the esophagus which had extended into the carina. To
relieve his dysphagia a plastic prosthesis was introduced and he was
given 3000 rads of supervoltage x-ray therapy. This caused his
tumor to melt so much that the prosthesis was dislodged from the
esophagus and, unfortunately, he developed a tracheo-esophageal
fistula. While we cannot prove that this is not a metastatic carci-
noma of the esophagus, we feel that it probably is a second primary.

In contrast to this patient we saw a 69-year-old Negro male
(Case 2) in October of 1965 complaining of sore throat and increas-
ing dysphagia of 2 to 3 months’ duration. He gave a history of
having had a carcinoma removed from his uvula in 1960 and at the
time of admission a tiny lesion was removed from the left tonsillar
pillar. This proved to be carcinoma. Esophagoscopy was attempted
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but could not be accomplished because of the narrowness of the
lumen at the level of the cricopharyngeus. X-ray examination (Fig.
3) demonstrated a marked constriction at the level of the upper
esophagus and a small amount of x-ray therapy was given to the area
of esophageal constriction. We were then asked to see the patient
and on September 7, 1965, a small esophagoscope was introduced
through this area of narrowing. We found the wall to be firmly
constricted, but passed a § mm esophagoscope through the area of
narrowing into an apparently normal esophagus below. At no point
was there any break in the mucous membrane of the esophagus and
the appearance was that of a cicatricial contraction of the esophageal
lumen. Because of continued difficulty in swallowing and because
of the lack of a tissue diagnosis, Dr. Kjell Christiansen explored the
neck and found the esophagus to be surrounded by a poorly differen-
tiated carcinoma. He was given further x-ray therapy and at the
present time is swallowing satisfactorily with no significant difficul-
ties; however, he continues to show narrowing in the cervical esopha-
gus. This is probably an example of a true metastatic carcinoma
arising in the pharynx and involving the esophagus circumferentially.
This lesion differs from the other metastatic lesions of the esophagus
that we have encountered in that it tolerated rather vigorous bougien-
age which was carried out while we were under the impression that
this was a cicatricial stenosis before a tissue diagnosis had been estab-

lished.

The principal concern of this paper is with the five cases of carci-
noma of the breast which involved the esophagus and which presented
findings which are all strikingly similar.

The first patient (Case 3) was a woman in late middle age who
was seen many years ago and whose records have since been destroyed.
She had a history of having had a radical mastectomy a number of
years before, but after getting along satisfactorily for several years,
began to have symptoms of chest involvement including pleural
effusion. She was chiefly troubled by difficulty in swallowing due
to a smooth constriction in the midesophagus which was demonstrated
by x-ray examination. In order to relieve her symptoms of inanition,
esophagoscopy was performed and the stricture encountered. It
appeared to be a smooth, cicatricial stricture and when an effort was
made to dilate this stricture, it opened up with the greatest of ease
very much like one encounters when dilating web-like strictures of
the esophagus. We were quite concerned when she then developed
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Fig. 4.—Photomicrograph of esophagus showing A) the wall infiltrated
by tumor cells believed to be of mammary origin; B) high power view of
same area showing detail of invasive cells. These tumors tend to remain
within the wall of the esophagus and often are not grossly evident on the
outside of the esophagus. The mucosa in the lumen is usually intact. Im-
paired nutrition with interference with the vasculature of the esophagus
probably accounts for friability of the wall which may occur.
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symptoms of esophageal perforation. Because of the evidence of
tumor in her chest it was felt that she was not a proper subject for
radical surgical intervention and was treated conservatively. She did
not survive this accident and was found at post-mortem to have a
carcinoma involving the wall of the esophagus. We did not realize
at this point that esophageal friability is characteristic of these lesions.

The second patient (Case 4) was a 69-year-old woman who had
a radical mastectomy eleven years prior to admission. She had pro-
gressive dysphagia for six months and x-ray evidence of scattered
densities in both lungs with a smooth stricture in the midesophageal
region. Esophagoscopy was carried out and again a smooth constric-
tion suggestive of a cicatricial stricture was encountered. It dilated
with the greatest of ease and this was immediately followed by symp-
toms of esophageal perforation. She developed a right-sided empyema
and diffuse mediastinitis and died in ten days despite treatment. The
rupture of the esophagus occurred opposite to a site of adherence to
the right stem bronchus at a point of thickening in the esophageal
wall. Histologic examination of the esophagus (Fig. 4) revealed an
undifferentiated carcinoma infiltrating the wall of the esophagus.
At this point and on the basis of these two cases, we began to realize
that this kind of carcinoma of the esophagus is very different from
the primary carcinoma of the esophagus which will tolerate a rather
remarkable amount of manipulation and which is easy to recognize
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