,- J













Transactions

American Laryngological Association

NINETIETH VOLUME



“DOCENDO DISCIMUS”



TRANSACTIONS

OF THE
NINETIETH ANNUAL MEETING

OF THE

American

Laryngological Association

1969

HELD AT
TreE RooseveLT HoOTEL
NEw ORLEANS, LouIsiaNa

MarcH 23 AND 24, 1969

PUBLISHED BY THE ASSOCIATION
ST. LOUIS, MO.

1969



Contents

Pace
Eisteof @fficersti mier ot e iGaiins b o BEL E e el s e L i
Registration o idiseriin auiva e o e T e s e s 9
In Memoriam—Lyman G. Richards, M.D.
Braneis We Davisons VB i Presidents. s v v s 0 e e i 1Ll
An Appreciation of Lyman G. Richards.
@harlestiE: Berguson, MBS o 2 5 a8 5 he & Bl Sl 0 is i a0 kil
Introduction of the Guest of Honor
HrancistWeilDavisons IVIADN e et i e i vl o) o s e 18
Remankstofsithe GuestiofiEloner sl aes s e 18
Address of the Guest of Honor
The Nose as Form and Function.
Henry T Williams; IVEDREe 8 cw e iaB et s aesim g o s e e 19
Presidential Address
In Defense of Clinical Research.
Francis W.. Davison; M.ID: 77 fcocfulumdiie snnt Sl s i s 35
Stop the Medicine.
Pavid ) BPeWeese - M.B: v v ho iy baas iiades i andl il i 38
Diagnostic Radiology for the Rhinolaryngologist.
George Bl Bunkhotiser: mVEB: e odii s e i asniein 0 0 e oo ol 39

Diplophonia.
Paul H. Ward, M.D., Ronald Goldman, Ph.D.,
JayiSanders *Bh'B): ‘Paul iMoorc BhilD: mos v 1 o ien 0w 40



CONTENTS

Pace
Discussion:
Godfrey A Artneld, WLID. - -7 0 ot el e S e 46
Pauli B Ward: :M.D):: (closing) 0. o s BB s i 48
Upper Airway Problems in Severely Burned Patients.
George . ‘Reed; M) *EHenbertiE Camp, IVIaD: St i v 49
Discussion:
Thomas €. Galloway, M = e - Sge e ol seatieine 58
Jerome A Hilger;: MDDty = i g e g = ot 5o e 58
George H. Reed; ND: (closing)it s ¢ s e e niil g om0 59
Chronic Laryngeal Stenosis.
Daniel € Baker, Jr.. NI v wdda s nl s b e il 60
Discussion:
Herbert  Farris: M- 2 s s S o C il s Gror o L 0 0 vl 65
Walter=P: Work, s ND e e ioiias sl esiliiie o s batel 0 66
G ArnoldiHenry e MR Se & 0 v w0 e S g 0 s e 66
Arthur J: Cracovaner, IVEID: < las ceiie e d s g oo a0 o .6l
Joseph H.“Ogura;, NIz e vt v oia 2o 0l e e diis o i ey 67
Baniel .C. ;.Baker, M. (closimg)es . v duma s il s 67

The Use of Double Transverse Incisions in Major Head and Neck Surgery.
J. Ryan Chandler, M.D., Virgil A. Ponzoli, M.D.

Discussion:
John: I Daly, "V i sl S e s 81
Bhomas:€: Galloway, - MBtf s m 8l s s L i i 81
JiziRyan Chandler, MuB: (closimgl) indaae i = i o i 81

The Zenker’s (Hypopharyngeal) Diverticulum.
Paul ‘. Holinger, MeB) s Joyce At Schill dBMED! s s i i 82

Combined External and Esophagoscopic Hypopharyngeal Diverticulectomy.
F. Johnson Putney, M.D., Lawrence J. McStravog, M.D. ............ 92



CONTENTS

PAGE
Discussion on papers by Dr. Holinger and Dr. Putney
Charlesi VI Norris; MEBESa St bvs Sl UiEnal e g 97
Douglas B Bryces IMEABE L cdat e o e T 97
Ferbert dHarmrist MBS e i i v s e 93
Axthur &l iCracovamer  INHIDE ea o se i i e o e 98
Erancis B lWeJcunes NIt s iie e e e o e 98
W Branklim@ieims IV s b i oo et 99
Walliam: VE SBrible; MDD 00 0 R Bt Tamt il e B 99
RPauléH Hoelinger, ANVIIDE ((closing): 2w o vt liad iy i e 929
i Johnson Putney. M (closing) it i S fieni s e 100
Sarcoma of the Nasal Cavity and Paranasal Sinuses.
JohntS: Eewis a M oo o ol e i e e e 101
Discussion:
W iErankhne:Keim: SVIEIDE o b st e il e e B s e e 109
Joseph EHI@gira SNIRIDE o i E e BB s B s s 109
JohnyS: ewis, N (closing). (RIS SSSEn A L Siates 109
Cancer of the Oral Cavity: Five-Year End Results in 237 Patients.
William: M Trble: MaB: séune ieiaelig i ates e o i 110
Discussion:
rancis Telbederex VLS o0 ol oo e s o g e e 118
William: M. Trible (closing): o i iric et e L us il | il e s 118
One Hundred Laryngeal Cancers Studied by Serial Section.
John AviGrchner dVER: -~ i o s i o i e e 119
Discussion:
GabrielHs MdckenlrsdMEB). e ceas i s e e S 139
Joseph L Goldman MBS s in e e 0 0 - e 139

John' AT KarchnergMip @ ((closing)iessoa | 7108 upo ol seuaenl 139



CONTENTS

PAGE
Three Years Experience with Cryosurgery in Head and Neck Tumors.
Daniel Miller, IVED. . L tiasel saaal s i e e 8 B0 140
Discussion:
John S;Lewis, MD. . . s rdds siis g il i ees o 145
GeorgeiF. Reed,.M.D. - e it st sl ol 0 sl s i e 145
John FaDaly, NEDE: Sl igaiais o0 aiihee il e i sl 0 o 145
J:-Ryan Chandler; M.De oo itninen lugeis iille iiln: e n 146
Joseph: H."Ogura: MBlin e gl e o o e i 146
Daniel:Millers MDD (closing)Ee - die i aie e iia i te s 146
Memorial
Lyman-Gilder Richards . i s iiBiiiies v & cise s 0 00 149
Executive Sessions and Reports of Officers and Committees ............ 154
Presentation. of Newcomb Award " e iegi s e i 172
List of ‘Fellows, 1969 2.0 i Gl giceis e e sl e et & 173
Active Fellows. .75 . G feiniiis i e Sisiai bl o ol n o auait 174
Honorary: Fellows . ;0. o 0 iisi e S i e 180
Corresponding. Fellows: ol amonl iiguy il e iy 2 g s 181
Emeritus -Fellows 2.0 .. .. a0 A maa e o e o i o it 182
Benefactors .o o e B aind il e R 184
Recipients of the de. Roaldes Awards i e s d e 185
Recipients of the (Casselberry: Awardii = id i il s e v 185
Recipients of the Newcomb Awande i iigaes a0 187
Past :Officers & .o: = coviv o sl Rl il B e e T 188
Past Fellows .. ...  fii v i@ el it a0 il i 193



'SoUO[ ‘OIBj[y [oYOUTE] ‘Aduing XOO[I§ ‘I9ABIA\ ‘IopuBXe[y ‘Slopuneg
SO '@ ‘Toyeq ‘O[quiol], [MA[UOIN SPIULIODORN-ZOUNJN ‘Ioyxeq ‘O[Fes ‘Apop) ‘UR[O], ‘pUB(SNY ‘[[PMPIRD) MOL YN0
JOS[IH Plouly ‘WY S[I0A\ “W[PUBY) ‘10MUR] ‘UOSUDPI([ UOSNSI9 ‘AIUSF NBIJ UOSPIRYDNY ‘O[BpO0S) ‘JIB[] ‘SUIP[IE
NIUONS ‘qqrl, ‘®BINSQ ‘opoireg [[IURH ‘9041 ‘SIOQPALL{ MOy Puy L SYING Peoy ‘AMT ‘smarpuy Fouoypg ‘uojuowrg
919 Oop\ “ourAodvl) ‘suppy O[dOOH ‘uored ‘O[qII], ‘US[RAA ‘A9[pIog ‘URWP[O9) ‘A[B(] 9SIOMO( ‘SIUBI] ‘DY00D)
QSO ‘UOSSIG ‘SLLION “©GRDOIN YSNE-ZI] SIMOT] (M0Yy Puoda§ "Iouypiry ‘[BDIIN ‘LAY UeA ‘Iofureg ‘Qunafor] ‘preqooy,

‘JD YRS ‘doxyyery

13

UOSIAR(] ‘YSCHNN [I[] UBWPOOAN ‘ABMO[[er) “MOSUICE] ‘SOIog B[N Y YSIUY ‘UMOI MOy IS4.]
ONILHHIN TYANNY HIHLLININ HHIL LV HONVANHLLV NI HSOHL




OFFICERS FOR 1956S8-1969

PRESIDENT

ALDEN H. MILLER, M.D.

FIRST VICE-PRESIDENT
JOSEPH P. AFKINS, M:D.

SECOND VICE-PRESIDENT

STANTON A. FRIEDBERG, M.D.

SECRETARY

FRANK D. LATHROP, M.D

TREASURER
CHARLES M. NORRIS, M.D.

LIBRARIAN, HISTORIAN AND EDITOR
F. JOHNSON PUTNEY, M.D.

COUNCIL
The above Ex-officio and
PAUL H. HOLINGER, M.D.
FRANCIS A. SOOY, M.D.
LAWRENCE R. BOIES, M.D.
FRANCIS W. DAVISON, M.D.






TRANSACTIONS OF THE
NINETIETH ANNUAL MEETING

OF: THE
American Laryngological Association

HELD AT
TraE RooseEvELT HOTEL
NEw ORLEANS, LOUISIANA
MarcH 23 AND 24, 1969

The Ninetieth Annual Meeting of the American Laryngological
Association was called to order by the President Dr. Francis W.
Davison, at the Roosevelt Hotel, New Orleans, Louisiana on March
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OPENING SESSION
SCIENTIFIC SESSION

Sunpay MorNING, MarcH 23, 1969

The first Scientific Session of the Ninetieth Annual Meeting of
the American Laryngological Association, Inc., held at the Roose-
velt Hotel, New Orleans, Louisiana, convened in the Grand Ball-
room on Sundav morning, March 23, 1969, at nine-five o'clock,
President Davison presiding.

PRESIDENT DaAvison: Lyman Richards was a wonderful person.
He lived with enthusiasm, as you know. Everything he did he did
with great enthusiasm. He loved his family, he loved medicine and
he loved the American Laryngological Assocmtlon and for the last
ten years before his death was its very active and efficient Secretary.

I have asked Dr. Charles Ferguson to give us some highlights
of Dr. Lyman Richards’ career.

LYMAN GILDER RICHARDS, M.D. — AN APPRECIATION
CHARLES Foss FErcuson, M.D.

BosTtoN, M ASSACHUSETTS

Today our President planned to honor the man in person who
had so skillfully guided this Association through the past eight
years, our ever genial, always eflicient and thmoughly dedicated
Secretary, Lyman Gilder Richards. It pleased him tremendously to
accept this high honor, but it was, however, with easily understand-
able reservations, 1'ealizing he was soon to face major cardiac sur-
gery. At the same time, well-disguised apprehensions and vague
misgivings in no way diminished his true appreciation, since this
Association was the closest to his heart. All of us remember at the
time of his retirement as Secretary last year his witty, even casual,
comments on his health. Very few "had any inkling of the stoic effOIt
he continually manifested as he conducted those meetings during
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the days at Hollywood Beach, constantly striving not to divulge his
1ncreasmg physical 1ncapa01t1es He even passed off his approaching
major surgery as simply a “valve-grinding job.”

As we are once agaln meeting togethel today should be a sad
one for us, since he is not hele in person to accept this richly
deserved hon01 Yet we know undue sadness would not be keeping
faith with such an indomitable spirit who constantly radiated such
happiness. All who really knew him feel that in spir it he is still with
us. Such an exuberant personality, so ever buoyant, and so full of
the true “joie de vivre,” can never die as long as there is one person
left to remember him. His vitality and always youthful enthusiasm
will continue to be felt among us for a long time to come. Those
who knew him well are also certain that he would fervently wish
to be remembered as the harbinger of joy and good fellowship,
and definitely not be mourned with long faces or any solemn cere-
monies. Always a striver for perfection, he was constantly annoyed

at reading glaring errors and inaccurate, misleading statements in
pubhshed obituaries of his friends and colleagues. For this reason,
years before his death he prepared his own obituary, always to be
ready for that inevitable day. It was an accurate compilation of
facts he earnestly, but skeptlcally, hoped the news media would not
distort. Funerals and memorial services always depressed him, and
he believed such ceremonies should be appropriately upgraded
He felt this so stlongly that he personally wrote and arranged his
entire funeral service in order to spare his family and friends un-
necessary hardship and grief. As one might e\{pect that service was
cheerful and forward- 100](11]0' a virtual symphony composed in a
major key, full of hope and expectation, conveying no minor key
somberness signifying defeat or death. It truly exemplified his ever-
radiant spirit and was a fitting last tribute to a completely fulfilled
life of rich accomplishment.

Lyman was born in Marion, Massachusetts in 1893, the son of
George Lyman Richards, M.D., a nationally recognized otolaryn-
gologist and a former President of The Triological Society, an honor
which was also later accorded to his distinguished son. In 1912 he
was graduated from Phillips Exeter Academy, and in 1915 he re-
ceived his A. B. degree cum laude from Harvard College, completing
the entire academic course in three years. He was also elected a
member of the Phi Beta Kappa Society. Harvard awarded him the
M. D. degree also cum laude in 1919, and he attained membership
in Alpha Omega Alpha After a sur glcal internship and residency
at St. Luke’s Hospital in New York City, he served as resident at
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the Massachusetts Eye and Ear Infirmary. He was one of the earliest
Diplomates of the American Board of Otolawngology, receiving
certification in 1926 following postgraduate courses in Philadelphia
with Chevalier Jackson, Louis Clerf and Gabriel Tucker, Senior.

My first personal contact with him was in 1935 when 1 began
my career at The Children’s Hospital in Boston where he was Chief
of Otolalyngologv Since this was a relatively small service in com-
parison to those of medicine and surgery, it had always been re-
garded as an “orphan,” poorly equipped and in dire financial straits.
Not to be daunted after having accepted this new challenge, he
gener ously gave much of the equipment for the throat and broncho-

scopic operating rooms in memory of his mother, “Mary L. Richards,

a lover of children,” as the bronze cabinet still 1eads He also paid
out of his own pocLet the first few residents whom he justifiably
considered essential to the proper functioning of a developing and
active department. After my residency was completed in 1938, for
three years we shared suburban offices in Wellesley Hills. During
the early war years, although he was at that time Chief at the Peter
Bent Brigham Hospital, his patriotic concern and natural restless-
ness could be contained no longer, and he joined the Navy Medical
Corps as Lieutenant Commander. His first assignment was that of
Marine Recruiting Officer in Springfield, Massachusetts where it
was quickly discovered he had been “hiding his light under a
bushel.” It was then arranged that he be transferred to the South
Pacific. While in transit, as the only medical officer on shipboard,
he performed an appendectomy. As one would suspect, even though
his days of abdominal surgery were far behind him, it was most
successful. At Pearl Harbor, where he remained until the cessation
of hostilities, he was happily in more familiar “otolaryngologic
surroundings.”

Following his return to private practice, he became broncho-
scopist to the Massachusetts Eye and Ear Infirmary under Dr. Schall
who had succeeded Dr. Mosher. Bronchoesophagology had always
been one of Lyman s greatest interests. Later, at a time when most
men considered retirement, he looked zuound for more challenging
oportunities, and became otolalvngologlst to Massachusetts Insti-
tute of Technology, wmkmg regularly in the clinic until his 70th
vear, and justly feehng he still had valuable services to offer his
fellow men.

Lyman contributed greatly to all of the organizations to which
he belonged, serving for ten years as Editor of the Triological So-
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ciety, and in 1948 as its President. For four years he was Secretary
of the American Broncho-Esophagological Association and President
in 1939. In 1964 at our San Francisco meeting he was the Guest of
Honor, and the masterful address he delivered on that occasion will
long be remembered. From 1960 to 1968 he served as a most dedi-
cated and efficient Secretary of the American Laryngological Asso-
ciation, and in 1966 received its coveted Newcomb Award, an honor
which pleased him intensely. Only confinement to a hospltal bed
and the absolute insistence of his surgeon kept him from attending
in person that meeting in San Juan which he had planned so care-
fully, and to which he had looked forward so long. His acceptance
speech, however, was conveyed to the dinner by a very realistic
transcription from his hospital bed, and his familiar voice brought
a fine personal touch to the occasion, even though we had to forego
his customary musical renditions. Very reluctantly, but deferring to
his better judgment, last year he saw the handwriting on the wall
and offered his resignation as Secretary. We still remember his very
poignant remarks on relinquishing this dearly beloved portfolio, a
step he honestly dreaded to take, but felt was in the best interest
of the Association.

Although he published several papers in the otolaryngologic
field, especially on laryngotracheo bronchitis, his greatest contrlbu—
tion was his text book “Otolaryngology in General Practice.’ " Thirty
years have elapsed since this was offered to the profession, but even
today it still contains countless up-to-date “words of wisdom,” in-
cluding valuable suggestions for the management of common prob-
lems still encountered by the general practitioner, as well as sage
advice as to when he has reached his limits and referral to a spe-
cialist becomes desirable. My personally autographed copy in-
scribed, “To Fergie with kindest regards from his Wellesley Part-
ner,” will always be a prized possession.

His writings never failed to bear the hallmark of a master of
the English language and the reading of them has always been a
source of great delight. His “Half Century of Triological Transac-
tions,” given at the 1954 meeting in Boston, was a literary master-
piece, the fitting culmination of a monumental task of devoted
research, always challenging to his everinquiring mind. From this
memorable monograph two quotations are especially worth recalling.

In apologizing for the omission of individual names he writes,
“Granted that some stars have shone with greater brilliance in the
otolaryngological firmament than others, nevertheless so many work-
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ers long since forgotten have done so much to illumine the darkness,
that it would do them grave injustice to single out only planets of
the first magnitude.” And the followmg delightful paradraph remi-
niscent of another medical literary genius, Sir William Osler, “What-
ever miraculous discoveries may be ahead, the otolaryngologist will,
I am sure, do well to continue to place himself beneath the shelter-
ing Wlngs of the guardian angels of the doctor, namely, ‘Common
Sense,” ‘Surgical Tudgment” and the ‘Study of the Individual’.” (Page

437, Triological Transactions, 1954.)

It would be impossible to describe the innumerable interests
of such a versatile and always intensely curious soul, so infinitely
did thev involve so many fields of human knowledge. Music was
especially dear to him. He was a member of the Wellesley Com-
munity Orchestra. We all recall his enjoyment, and ours too, when
at times he borrowed the violin from one of the performers during
the cocktail hour, and either played a solo or merely went along
with the rest of the orchestra, often amusingly replacing the con-
ductor. Years ago after office hours which he sometimes purposely
hurried along, he would have time to practice on his violin, much
to the consternation of other medical tenants who still had patients.
When vibrant chords from his saxophone filled the corridors, doors
of distant offices would be thrown open and disonant, much harsher
sounds from human vocal cords would mingle with those of the
saxophone or violin. With a characteristic twinkle in his eye, at the
same time feigning utmost disdain, he would exclaim, “The ingrates!
It just goes to prove what you get for nothing is never appreciated.
After all, I was only trying to entertain them.”

His flair for the dramatic was fulfilled on many occasions when
he wrote the script and skillfully directed in rehearsal most clever
skits, modelled after then popular radio or television shows. These
were presented at the Triological and La1yngolog1cal Association
dinners, and also at the 1957 International Congress in Washington.
Many members and their always-willing spouses gamely partici-
pated One of the most memorable was that of Allen’s Alley, the
popular radio program 20 to 30 years ago, produced in 1948 when
he was President of the T11010g10a1 Society. Later on at Dr. Schall’s
retirement dinner, the assembled multitude adjourned to an adjacent
theatre where “This is Your Life” was presented in truly professional
and theatrical style.

Always a devoted family man, as the years went by he looked
forward with even increased interest in the activities and accom-
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plishments of his two sons, his daughter and his seven grandchildren.
Fortunately, only a week before he went to the hospital for his
final illness, a birthday brought the entire family together for a
happy reunion. Always young in heart and spirit, as well as in body,
he taught Sunday School for years, thoroughly enjoying the close
contact with the’ younger genelatlon Indicating hlS appeal to “all
sorts and conditions of men,” for some time he conducteJ a course
in conversational French at the New England Old Age Center.
For physical activity he was a golfer, a squash player, and an avid
skier, frequently enjoying the mountains of New Hampshire. When
this undertakmg seemed a little beyond his reach, he could be found
on the hills of Wellesley, and even three months before his death
at age 75, still suffering from severe aortic stenosis, he managed a
ski trail which he constructed in his own backyard, where in more
clement weather he delighted in the cheerful labors of his garden.
Confirming his eternal youth, I should like to quote from his Guest
of Honor address before The American Broncho-Esophagological
Association in 1964. “It is inevitable that with the passage of time
one’s active participation in the work of such an Association as this
must progressively diminish. T hope, however, that I still retain
a keen interest in this Society’s accomphshments particularly those
of the younger men as they continue so ably to fill the gaps left by
those like myself who move on. My interest in these younger suc-
cessors reminds me of a colorful scene in that theatrical gem, “Tea-
house of the August Moon.” The American captain developing a
new island community feels that only the importation of a young
woman is needed to round out its fulfillment, and so sends a dele-
gation of young Okinawans to a nelghbonng island to bring back
the beautiful “Lotus Blossom.” Noting that this young group is being
joined by a venerable and white-bearded gentleman desiring to
assist in this mission, the captain seeks an explanation for this in-
congruity from his gemal interpreter, Sakini. With a broad grin
dlsplaymg his pearly teeth, Sakini replies, ‘Man old, Boss, but not
dead yet’.” This truly typified Lyman himself. (Tlansactlons Ameri-
can Broncho- ESOPh’lO‘OIOglcal Association, 1964, page 20).

Mingled in the person of Lyman Richards was that rare but
fortunate combination of human attributes which together produced
a sympathetic physician and a skilled surgeon, an enthusiastic
teacher and philosopher, a talented author, an accomplished musi-
cian, a clever dramatist, a sports enthusiast, and more recently a
family historian, truly a man of universal tastes and catholic inter-
ests. Who could ask for more? He was always blessed with boundless
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energy, constant, youthful enthusiasm, a genial nature, and an in-
born natural curiosity. Above all, his extraordinary courage was
never more manifest than his last months of necessarily limited
physical activity.

This was a man one had to know personally in order to appreci-
ate his many endearing qualities. Those of us who were privileged
to know him well over many years loved and respected him. Now
we sorely miss him, especially at these meetings he always enjoyed
so thoroughly. He was a soul richly endowed with countless natural
talents which he fortunately was able to mobilize and to utilize so
effectively.

Now speaking for all of us, and for the Association he so de-
votedly served, we are happy to grant to him that age-old appro-
bation which he has truly earned, “Well done, thou good and
faithful servant.”



INTRODUCTION OF
GUEST OF HONOR, HENRY L. WILLIAMS, M.D.

PreSmDENT Francis W. Davison

It is a great pleasure for me to introduce next a young man
who for about 30 years has studied nasal physiology and mucosal
misbehavior. He has read widely and thought deeply. I don’t know
anyone better informed about the problems of Otorhinolaryngology
than Dr. Henry L. Williams, our Honored Guest.

REMARKS OF THE GUEST OF HONOR

H. L. WiLriams, M.D.: I find considerable difficulty in at-
tempting to rephrase Dr. Lyman Richards. In spite of the eulogy
that has just been given, I remember him best for, I think, the only
good paper that I have read on post nasal drip. I think this is really
a remarkable production and I include it amongst the gems of oto-
laryngologic literature that it has been my pleasure to read. So often
we are merely subjected to the more dramatic aspects of our spe-
cialization and sometimes these things which we see so often that
we are really ignorant about are not emphasized to the point one
wishes they were.

This present paper is one which I presented in the hope that
we might have greater interest in Rhinology, which I believe has
failed because of possible lack of appreciation for the physiology
and I think this ignorance has interfered with the understanding
and also with the practice of Otolaryngology.

I believe that the fact that ° rhlnoIOGy has been dropped from
the title of some of our specialties is based on this lack of under-
standing.



THE NOSE AS FORM AND FUNCTION

Henry L. WiLriams, M.D.
W. St. Paur, MinN,

Nasal form as indicative of an important function as part of the
respiratory organ system, is at best thought mildly amusing; at worst
it is called an absurdity.

In the less sophisticated era in which modern rhinology began,
there was no doubt in the mind of the rhinologist that the human
nose played a role in respiratory control. Just from looking at it, it
was plain to him that the nose is a series of valves and it is reason-
able to suppose that a valvular structure at the beginning of the
airway must have a regulatory function. It was soon suggested,
however, that such an intuitive belief is naive and unworthy of a
true “naturalist,” as scientists called themselves in those days. As a
scientist, a rhinologist must subject each hypothesis to “the vigorous
indigation of efficients” so as to separate the factual from the merely
fanciful, if he is to escape castigation as “teleologist” or “arm-chair
scientist.” This doctrine was so new, so authoritarian and so seem-
ingly correct, that these terms were accepted by the rhinologist
almost without resistance, as being justly opprobrious. It has been
recognized only recently that trying to construct a physiologic whole
by addition of a “shambles of measurable but disconnected units”
may destroy highly relevant data, for as Weiss® stated, it is not that
the whole is more than the sum of its parts but that it is so different.

The early skeptics (and a good many later ones) threw out the
functional baby with the teleologically tainted bath water when for
the ensuing century rhinologists failed to secure data that could sup-
port a respiratory control function for the nose.

Although it is often stated that past diseases in “the upper
respiratory tract” are the cause of a large number of disorders for

From the Otology, Rhinology and Laryngology Service, U.S. Veterans Adminis-
tration Hospital, Minneapolis, Minnesota.
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which the patient consults the internist, that present, active, acute or
chronic, disease or functional disorder, in that part of the upper
respiratory tract constituted by the nose and paranasal sinuses, can
have a significant impact on the general health of the organism is
often denied. In spite of its elaborate anatomic construction and
the demonstration of extensive reflex connections, not only between
the nose and the lung, but also between it and the entire external
integument, the generative and abdominal organs, the endocrines
and even the psyche, much mention of nasal function is cleverly
avoided in our schools.

It was not until Ogura® pointed out that to measure a possible
influence of the nose on respiration, it is, in general, at least neces-
sary to correlate nasal airway resistance with the mechanics of pul-
monary function, that valid support for the proposition that the nose
is part of a regulatory mechanism for respiration was secured.

The present consensus seems to be, as Thompson? put it, “Still,
all the while, like warp and woof, mechanism and teleology are
woven together, and we must not cleave to the one or despise the
other.”

DISCUSSION

In considering nasal physiology it seems reasonable, on the
basis of both function and convenience, to divide it into three parts:
1) those of air conditioning, 2) of resistance to invasion by patho-
genic microorganisms, and 3) of its activity as a factor in control of
respiration. All three of these parameters are interesting and impor-
tant, but the last seems to have caused the most uncertainty, doubt
and recriminative discussion among rhinologists and will be the one
considered here.

It may be instructive to note that at first, rhinosinal disease was
not a matter of great interest to the rhinologist. It seemed so obvious
to him that obstruction to normal ease of passage of inspired or
expired air must have a pernicious effect on the general health of
the entire organism that “nasal stenosis” was considered the most
common and most important pathergy. Kyle* described two varie-
ties of nasal stenosis, 1) “anatomic” stenosis, and 2) “reactive vaso-
motor” stenosis. He thought that the latter had a causal relationship
to asthma and other diseases of the lung. Burnett® remarked, “Re-
moval of the turbinated bodies in a state of hypertrophy is principally
indicated for the relief of nasal stenosis and its immediate results;
habitual mouth breathing, rhinorrhea and excessive accumulation of



NOSE AS FORM AND FUNCTION 21

nasal mucus; as well as for more remote results such as serous otitis
media, obstruction of the lachrymal duct, nasopharyngitis, laryngeal
hyperemia, laryngitis and secondary lung disease. Removal of the
turbinated tissues is also indicated for the relief or removal of various
reflex neurotic conditions, directly or indirectly traceable to these
structures when in a state of relative hypertrophy.”

This simple ingenuous advice led to a destructive surgery which
only rarely gave relief and often added more severe complaints to
those the procedures were designed to relieve.

Poor surgical results caused some prominent rhinologists to
doubt the validity of the hypotheses which were our guidelines, and
they began to question the propriety of such surgery. Skeptics, how-
ever, said it was not the stirrings of conscience in the rhinologist,
but an increasing tendency for the patient to take flight from the
rhinologist’s chair as soon as he heard the word “operation” that
caused the former to abandon many of these misguided practices.
Actually, leading rhinologists protested that too many rhinologic
operations were being done for inadequate indications. They said
that the indication for nasal surgery should be disturbance of nasal
respiratory function, and its objective, restoration of such function
to normal. Some rhinologists, however, derided the suggestion that
there might be a “physiologic surgery,” asking how disturbance of
a function that is not well understood can serve as a surgical indica-
tion, and what operation can restore a nose to a normal that has
not been ascertained.

These and similar questions stimulated a number of rhinologists
to do research on nasal respiratory function. The first may have
been Paulsen,® who studied particularly the pathways of inspired
and expired air through the nasal chambers. His findings, in general,
have been repeatedly confirmed by subsequent investigators.

Courtade™ attempted to make judgments as to the openness of
one or the other nasal passage by having the patient expire on a cold
mirror held just inferior to the nares, the nasal conductance being
estimated relative to the areas of condensation of the water vapor in
the exhaled air on its surface.

Franke® demonstrated “swirls” in respiratory flow and also de-
vised a method which he believed related inspiratory pressure to air
flow. He placed an oval tube, about 8 cm in length, with a radius
of about 9 mm and a cross section of about 200 mm® in each nares.
A lateral opening with an attached tubule was made in each of the
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tubes of the model nose and led to a manometer, by which inspira-
tory and expiratory pressures were measured while the patient
breathed. Franke reported that in symmetrical noses under normal
conditions, when breathing through one or the other side of his
“nose model” alone, the pressure was about twice as great on this
single side as when breathing through both sides together.

A year later Kayser® used a rhinometric technique in which the
concept of “driving pressure” was considered. By placing an olive
connected to a manometer in the nostril of that side of the nose
which was not being used to measure flow, the nasal chamber then
acted as a transducer of pressure from the pharynx. He thus meas-
ured the pressure difference between the pharynx and ambient
atmosphere through one nasal passage while measuring the air flow
it produced through the other.

These two techniques, or modifications of them are called,
respectively, anterior and posterior rhinometry. Until recently these
were the only techniques used in attempts to find an “absolute”
quantitative measurement of normal ranges of the driving pressure
air flow relationship in the nose that might be related to respiration
in general. Unfortunately, the data obtained were applied to estab-
lishing indications for “lumen enlarging” operations on the nose.
When it began to be noticed that the pre-operative opinion as to the
presence or absence of “nasal stenosis” formed on the basis of such
rhinometry did not always coincide with the patient’s complaints,
and further that the expected symptomatic improvement from a
given lumen enlarging technique frequently did not occur, protests
were again heard.

At this time Goodale, using slight modifications of the methods
of Franke® and Kayser® undertook an intensive investigation of nasal
respiratory physiology. His paper, published in 1896, deservedly
received the Boylston Medical Prize of Harvard University.

Goodale stated, “Physiologically considered, the subject of nasal
respiration resolves itself naturally into the following divisions:
1) The action of the nasal mucous membrane upon respired air with
regard to heat and moisture; 2) Chemical changes effected in the
air current by the nasal mucous membrane; 3) The normal altera-
tions in intranasal air pressure during the respiratory act.”

In regard to the first category, humidification and temperature
control, Goodale’s experiments were so sound that his report is
superior to many later observations on this facet of nasal physiology.
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He found that the nose contributed only about two-thirds of the
moisture necessary to saturate inspired air of average relative humid-
ity. This can be contrasted with the statement of some later authors
that saturation of the inspired air for proper gas exchange in the
pulmonary alveoli is probably the principal nasal function. It was
not until Negus' pointed out that the primate nose has regressed
functionally from that of fur bearing mammals that it was realized
that “air conditioning” is a subsidiary and a relatively less important
nasal function, a sort of physiologic afterthought. Goodale did not
elaborate on the second division, and it will not be considered
further.

The third category relates to changes in intranasal air pressure
and resistance in relation to flow during respiration and has been the
subject of discussion since the dawn of modern rhinology. Goodale
concluded, “Inasmuch as the manner of breathing of each individual
is dependent upon a natural or acquired habit peculiar to the person
in question, absolute figures denoting respiratory alterations in air
pressure are out of the question, even under wholly physiological
conditions. In any case we must be satisfied with an approximate
mean. Experiments instituted, therefore, for the purpose of compar-
ing abnormal with normal pressure changes, must inevitably include
considerable error, owing to the fallacy involved in attempting to
obtain absolute results from relative and variable factors.”

It would seem reasonable to infer from these statements that
Goodale opposed the clinical use of rhinometry in attempts to estab-
lish normal or abnormal function for a given nose, either prior to
or following surgical manipulation, or at any other time. He saw
that the data secured by measurement of the pressures and flows in
an isolated nasal chamber could not, in themselves, relate to overall
respiratory function nor establish respiratory dysfunction as being
caused by the nose. His opinions were sound when uttered and
remain so to this very day.

Rhinometry at that time appears to have suffered from over-
eagerness of the rhinometrist to apply a “scientific” method of meas-
uring nasal function that would tell him what sort of surgical
manipulation should be done and upon what part of the nasal cham-
ber it should be practiced. He was unwilling to consider rhinometry
as an adjunctive examination to be combined with the more impor-
tant history, physical examination and, above all, previous clinical
experience, to arrive at a well reasoned conclusion such as is encom-
passed by the term “clinical judgment.”
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As a result of Goodale’s paper, conservatism in nasal surgery
received a tremendous impetus. Holmes'? was able to state: “When
for any reason the middle turbinate and lower wall of the ethmoid
have to be sacrificed, there results a deformity which practically
produces all of the ill effects of mouth breathing. The inspired air
is not sufficiently warmed or moistened and there almost always
follows a chronic dry pharyngitis and chronic laryngitis. Frequently
the trachea and bronchi suffer in like manner as the upper respira-
tory organs. These patients almost always suffer from orbital as well
as nasal disturbances whenever they are subjected to the influence
of cold or dry air, or to air contaminated with irritating dust or
gases.

It is unfortunate that the teaching of physiologically oriented
rhinologists such as Goodale and Holmes was not taken more to
heart. In a short time their words were forgotten and it was again
recommended that the first step in ethmoidectomy, merely as a mat-
ter of convenience, should be the removal of the middle turbinate.
This was the recommendation of Yankauer,' although he recognized
that this procedure is not without undesirable after effects. He said,
“The conservation of function is of special importance . . . for the
middle meatus is the main respiratory channel through which the
greatest part of the inspiratory air passes. The demands made upon
this region are greater than upon all the rest of the nose together.
To remove the entire diseased organ may be one way of terminating
the disease, but it is not the way to cure the patient,” and again, “In
the large majority of the cases the healing of the wound is completed
in six to eight weeks, and further treatment is unnecessary. But the
function of the parts has not yet been completely restored. . . . Dur-
ing this time the nose is sensitive to sudden changes in atmospheric
conditions so that attacks of acute inflammation . . . of the mucous
membrane are apt to occur. These attacks continue until the nose
has experienced at least [italics not in original] one complete cycle
of such changes, i.e., until one year has passed. During these attacks
the mucous membrane becomes swollen, edematous and greyish in
appearance, sometimes distinctly polypoid.” Although in these
paragraphs Yankauer was limiting his observations largely to the
effect of destroying the tempering and humidifying power of the
middle turbinate, he tacitly admits that meddlesome removal of
structures having an important respiratory function will result in
iatrogenic inflammatory symptoms which might have an unfavorable
impact on the health of the patient.
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Goodale’s paper resulted in virtual abandonment of interest in
rhinometric assessment of nasal respiratory function in North Amer-
ica for a long time. It is not likely that this was Goodale’s intention.
If one is to judge from his paper, his intellectual stature would
forbid him to adopt an anti-experimental position. Opposition to
rhinometry was attributed to him, however, so that whenever a
rhinologist evinced interest in a trial of rhinometry, the general flock
of rhinologists rallied to the attack, bleating the rallying cry of
Goodale!! Goodale!! This may have been due to the fact that such
rhinologists found themselves relaxed in the comfortable environ-
ment of old fashioned, destructive, lumen enlarging surgical proce-
dures (a rhinologic unthink that is still supported by some rhinol-
ogists). Goodale was used as a stalking horse by which such individ-
uals justified and distracted attention from their nefarious activities.
The attitude of American rhinology, in general, had become “don’t
annoy me with evidence; my mind is made up.”

Tonndorf’s paper'* explains one of the reasons why rhinometry
had not been successful in obtaining values of the resistance-flow
relationship that could pronounce one range of resistance or one
range of conductance or the relationship between them, normal or
abnormal. He started on this study, he said, because his father had
called his attention to clinical opinions that did not fit well with his
own observations as to the behavior of nasal resistance and its rela-
tion to the flow rate of respired air. He had found that in septal
deflections the narrowed side might permit a better passage of air
than the apparently more open side; or that after resection of an
apparently blocking enlargement of turbinate or septum, the patient
might have more respiratory obstruction than before, although upon
inspection the nasal chamber appeared wider. Also, that in several
forms of atrophic rhinitis a large cavity may exist in the nose as a
result of the disease which is associated with increased resistance
and reduced conductance.

By his experiments on a cast of the nose through which he
passed his own respiratory air, much as Goodale had done with his
parallel glass tubes, he was able to demonstrate that these seeming
inconsistencies resulted from the difference between laminar, unsta-
ble and turbulent flow.

Previous rhinometrists had assumed that nasal resistance is a

simple function of the air pressure and of the flow rate as is expressed

in Ohms law in an equivalent electrical circuit: R ok , where AP

i
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is the potential difference in volts, i the current in ampheres and R
the resistance in Ohms. While as Mead'® showed, equivalent electri-
cal circuits are useful in estimating pressure-resistance-flow relation-
ship in the lower airway where flow may be laminar, Tonndorf found
their use in the nose produces invalid data for aerodynamic reasons.

At velocities below Mach 1, as Tonndorf pointed out, air
behaves like an incompressible fluid and the laws of hydrodynamics
apply. For the ideal case of air streaming frictionless through a tube
of constant diameter, the pressure is the same everywhere along the
tube. If the diameter of the tube is variable, however, and the pres-
ence of friction is assumed, as in the human nose, pressure changes
occur according to Bernouille’s law, which states that with fluid of
constant volume flowing through a tube of irregular diameter, the
pressure is greatest where the cross section is greatest and the veloc-
ity least. This may be stated mathematically in the equation Pst X

%0 V2 —K, a constant, where Pst is the static pressure, o the coefhi-
cient of density, V the mean linear velocity and K a constant. The
expression % g V* is also the aerodynamic pressure.

Hyatt and Wilcox'® state that the pressures along a stream of
gas flowing through a non-uniform conduit system may be analyzed
by considering two properties of the flow, its frictional properties
and its inertial properties. At any moment there are two superim-
posed pressure drops along the system related to these properties.
A frictional pressure drop will exist related to the physical proper-
ties of the gas and to the flow geometry of the airways. An inertial
pressure drop will also exist related to the density of the flow and
to the acceleration of the flow. The acceleration of flow is of two
varieties, local and convective. Local acceleration is the rate of
change of velocity of the gas particles that occurs with time, such as
in alternation of flow. Convective acceleration is the rate of change
of velocity of the particles that occurs with the distance traveled by
the gas particles, such as would occur with converging or diverging
flow boundaries. This is the part of the pressure-velocity relationship
that is considered under Bernouille’s law. In both cases, following
Newton’s second law, the rate of change of velocity must be accom-
panied by a force pressure gradient. Hyatt and Wilcox find the
transient pressure drop associated with local acceleration negligible
in the lower airway, but state that the pressure drop associated with
convective acceleration has not been thoroughly studied and may
not be negligible.
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In addition to the negligible factor of local acceleration (which
may not be negligible in the nose) and that of convective accelera-
tion which at the “ostium internum,” in that part of the airway
formed by the nasal vestibules and nasal chambers which has the
form of parallel Venturi tubes, is probably considerable, the factor
of dynamic internal molecular friction, according to Tonndorf, plays
the major role in causing resistance to air flow. Reynolds'™ had
stated, “that although the theoretical calculations of Sir Gabriel
Stokes seemed to agree so closely with the experimental determina-
tions of the flow of fluid through pipes as seemingly to prove the
truth of the assumption involved, this was the result of comparing
the flow of water through uniform small tubes and at slow veloci-
ties.” Reynolds found these results to vary, both theoretically and
practically, with water moving at higher velocity through larger
tubes. He said, “In 1883, I succeeded in proving . . . that when water
is caused by pressure to flow through a uniform smooth pipe, the
motion of the water is direct, i.e., parallel to the sides of the pipe,
or sinuous, i.e., crossing and recrossing the pipe, according as V, the
mean velocity of the water, as measured by dividing Q, the dis-
charge, by A the area of the section of pipe, is below or above a
certain value given by o/u K/D, where D is the diameter of the pipe,
o the density of the water, u the viscosity and K a numerical con-
stant, the value of which according to my experiments, and, as I was
able to show, to all the experiments by Poiseuille and by Darcy, is
for pipes of circular section between 1900 and 2000, or in other
words, steady direct motion in round tubes is stable or unstable

according as QDX > 1900 or < 2000, the number K being thus a

criterion of the possible maintenance of sinuous or eddying motion.”

He pointed out that the existence of a sudden change in the law

of motion of fluids between solid surfaces when DV p/o K proved
the dependence of the manner of motion of the fluid on a relation
between the product of the dimensions of the pipe multiplied by the
velocity of the fluid, and the product of the molecular dimensions
multiplied by the molecular velocities which determine the value
of u for the fluid, also that the equations of motion for viscous fluid
contained evidence of this relation.

Tonndorf calculated the Reynolds number (Nre) for a normal
human nose with respirations of 16 per minute at approximately
1000. He stated, “This means that at the lowest flow rates the air-
flow is still laminary but being close to the borderline — 1160
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(Rohrer:Recrit for the nose) — probably not very stable.” This
theoretical result was confirmed by subsequent experiments. He
observed that eddying made its appearance under a variety of condi-
tions: A) when the breathing rate was only slightly accelerated,
B) when the cross-sectional diameter was altered in some section
of the passageway, either 1) by narrowing the lumen, e.g., by caus-
ing swelling of the middle turbinate, or 2) by widening the lumen,
e.g., as in an atrophic nose, and C) each time that the direction of
flow was reversed, even during quiet respiration. Tonndorf found
the path of inspired and expired air to be similar to that originally
described by Paulsen and by Franke. It is only recently that
Masing,'®® using a transparent nose model and the colored water
technique of Reynolds, has been able to produce a three dimensional
schema of the paths of air flow through the nasal chambers which
is better than Tonndorf’s. His findings strongly support the assump-
tion that the pathway of both inspiratory and expiratory air flow is
extremely complicated and is not actually comparable to the draw-
ings found in books on nasal physiology such as that of Proetz. It
seemed evident to him that the lower area of the nasal cavity must
be as important as the upper in aerodynamic function.

Tonndorf supported the statement that in patients with definite,
marked atrophy of the luminal walls, objective measurement demon-
strated increased resistance and, therefore, that they actually have
the obstructed nose they complain of. It is not necessary to evoke
the hypotheses of occluding crusts or nasal neurosis to explain the
complaint. Tonndorf also demonstrated the very great importance
of streamlining to nasal respiratory function of which Thompson?
said, “In hydrodynamics we try to determine the resistance encoun-
tered by bodies of various shapes moving through various fluids at
various speeds; and in so doing we learn the enormous, the para-
mount importance of streamlining. There would be no need for
streamlining in a “perfect fluid,” but in air or water it makes all the
difference in the world. Streamlining implies a shape round which
the medium streams so smoothly that resistance is at last practically
nil; there only remains the slight skin friction which can be reduced
or minimized in various ways. But the least imperfection in the
streamlining leads to whirls and pockets of dead water or dead air
which means large resistance and waste of energy.”

It can be realized from this quotation and from the findings of
Tonndorf in regard to nasal conductance that one of the reasons for
iatrogenic symptoms following nasal surgery is ignorance of the
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hydrodynamics of nasal flow, and meddlesome interference with or
failure to restore the streamlined contours of the nasal lumina.

Uddstromer,?® Tonndorf,** and particularly van Dishoeck?! re-
ported that even if conductance through one nasal chamber is
restricted, if breathing is done through both sides of the nose at once,
the volume of inspired air may be normal with normal mechanical
efficiency of respiration. Ogura’s findings explain how a unilateral
rhinoscopically observed nasal respiratory obstruction can have an
adverse effect on the cardio-pulmonary organ system by reflex con-
striction of bronchial smooth muscle in the lower respiratory tract.
The illogicality of drawing far reaching conclusions as to increased
work of respiration by measuring the pressure changes caused by
nasal deformity on the occluded side of the nose alone is easily
demonstrated by the use of such a device as the mask flow-meter
with which pressure-flow determinations may be made on the unim-
peded nose free from the influence of rebreathed CO,. Such meas-
urement usually indicates a steady conductance within a so-called
normal range.

From the standpoint of cybernetic theory, the diurnal and day-
to-day changes in nasal resistance produced by reflexes from the
respiratory “centers” to erectile tissues and nasal respiratory muscles
may occur, so that normally the alveolar ventilation may remain
constant as long as the work load on the organism remains the same.
Therefore, nasal resistance is of interest or importance in normal and
abnormal physiology only as it influences the minute volume of
respiration, the alveolar ventilation and eventually the work of res-
piration.

It would seem to be a reasonable deduction from the evidence
reviewed that improved alveolar ventilation is not always achieved
by surgical procedures which merely increase luminal cross section,
but depends much more on maintaining or restoring the smooth
rounded contours of the vestibule, the limen nasi, and the turbinates,
and avoiding interference with the function of erectile tissue or
dilating muscle. This is what is meant by the term “physiologic
surgery,” as was recently pointed out by Anderson.??

It would also seem reasonable to suppose from the information
available that a nose can be classified as functionally pathologic,
only when under given circumstances it does not allow the passage
of sufficient air to prevent hypercapnia, hypoxia and respiratory
acidosis (hypoventilation) without an expenditure of energy that is
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excessive for the general state of activity of the individual as com-
pared to that of another who has a “normally” functioning nose.

The conclusion that bilateral nasal respiratory obstruction, both
when noticeable even with quiet breathing or when present only at
increased rates of respiration, can have morbid repercussions on the
organism as a whole, however, seems difficult to escape.

Objection has been raised to this hypothesis by the statement
that if nasal respiratory obstruction is present even at rest, all the
patient needs to do to achieve adequate alveolar ventilation is to
breathe through the mouth. There is evidence, however, that this
oft repeated statement is a misleading half truth; that, while as an
emergency measure, to compensate for an extraordinary demand for
a short period, mouth breathing is effective, for respiration over a
long period, mouth breathing is unphysiologic and inefficient, caus-
ing an increased expenditure of energy for a given alveolar ven-
tilation.

Hellman®® stated that the physiologic superiority of nasal over
mouth breathing lay in the slower, deeper respiration associated
with the former. He suggested that slower, deeper breathing gives
more and needed time for mass transfer and diffusion of the respira-
tory gases in the pulmonary alveoli. It has also been suggested by
Williams et al.** that deeper breathing dilates the more peripheral
alveoli better and allows distribution of surfactant in them, both
processes tending to prevent micro-atelectasis.

Davies, Haldane and Priestly*® found that nasal blockage can
cause a considerable degree of hypercapnia and hypoxia before
mouth breathing will be resorted to.

Liischer®® found that blockage of the upper respiratory tract by
hypertrophied tonsils and adenoids caused a decrease in the alkali
reserve of the blood. This change could be duplicated by artificial
occlusion of the nasal airways.

We also have the report of Noonan*" subsequently supported
by reports from several pediatric groups®?® that upper airway
obstruction caused hypoxia, hypercarbia, pulmonary hypertension
and edema, and reversible cor pulmonale even though these children
were free to breathe through their mouths.

Comroe et al.* stated that a normal resting subject does not
experience any respiratory symptoms until airway resistance is in-
creased threefold or more, but that patients with weakened or
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fatigued respiratory muscles often suffer severe distress with the
addition of even small external resistances. Ogura and his asso-
ciates®® have recently found that in dogs occlusion of the nasal
airways, in spite of forced feeding, will produce a wasting illness

and death.

The available evidence suggests that the nose has an important
respiratory control function that cannot be completely compensated
for by mouth breathing. Increased resistance to air flow through
the combined nasal airways might, therefore, have a deleterious
effect on the general health of the individual through hypoxia and
other less well understood physiologic mechanisms. The early rhi-
nologists were correct in making this assumption and may be said
to have looked at the nose in the proper way. As Szent-Gyorgyi®?
stated, form and function are two sides of the same coin. If some-
thing cannot be deduced about function from form, it means that
form is not being looked at correctly.

CONCLUSION

It does not seem too imaginative to suggest that a control
mechanism to regulate breathing so as to secure the maximum
mechanical efficiency of respiration, makes use of the series of valvu-
lar structures which constitute the nasal portion of the upper respir-
atory tract. This is supported by the fact that according to van
Dishoeck, in mouth breathing the musculature of the pharynx, pal-
ate and tongue act involuntarily to make up for the absent nasal
resistance. Also according to Murtagh and Campbell®® the glottic
chink, which in normal nasal respiration, is estimated to supply only
seven percent of the resistance of the upper airway, in mouth breath-
ing may supply four or five times this degree of resistance. One
might deduce from these observations that the nose, the pharyngeal
muscles and the glottis are effector devices, a series of mechanical
negative feedback controls for inspiratory and expiratory air flow.
This would be generally consistent with the cybernetics of blood
flow and other vital functions.

It is apparent that understanding of what can and what cannot
be demonstrated by rhinomanometry has been hindered by poor
communication between those interested in the physical laws of
hydrodynamics and aerodynamics, and those interested in how and
why respiratory air preferably passes through the nasal chambers.

Reynolds'” stated that the story as to how certain mysteries of
fluid motion, which have resisted all attempts to penetrate them, are



32 HENRY L. WILLIAMS

at last explained by the simplest means and in the most obvious
manner is closely analogous to the situation present in Poe’s story
“The Purloined Letter.” In this story the Parisian police were com-
pletely baffled by the simple plan of destroying all curiosity as to the
contents of a letter hanging in plain sight. Reynolds said that lack
of curiosity is, indeed, no new story in science. This lack seems to
have been “endemic” in the rhinologist for a very long time.

Although it has been heard repeatedly that from the standpoint
of physics air may be considered an incompressible fluid of low
viscosity, I think rhinology may be pardoned for its failure to realize
what a major role the internal friction of the air plays in producing
increased resistance and decreased conductance in the nasal cham-
bers. Since turbulent fluid flow presented difficulties to even Galileo
and Newton, we need not wonder that the pioneer rhinologic sur-
geons ignored (and even that most of the present generation still
ignore) the fact of its presence in planning surgical procedures to
correct what they sometimes incorrectly termed “nasal stenosis.”

It is clear that the disregard in which rhinology is held among
some otolaryngologists at the present time does not descend from a
primary failure of our rhinologic ancestors to develop the concept of
the “telos” or final purpose of the nose as an organ of the respiratory
system, but arose from their lack of knowledge of the aerodynamic
laws bearing on the driving pressure-resistance-conductance rela-
tionship in the nasal chambers, and of the correlation of nasal con-
ductance with alveolar ventilation.

The hypothesis that the nose is part of a negative feedback
servomechanism to match the impedance of the respiratory tract to
the demands of alveolar ventilation is admittedly of the imaginative
variety. It has, however, received considerable support, sometimes
serendipitously, from pulmonary and cardiovascular physiology and
the pediatric clinic, as well as from the rhinologic research labora-
tory.

Sufficient evidence has accumulated to make it seem reasonable
to state that the failure of rhinology to procure symptomatic relief
in some patients with objective evidence or subjective complaint of
“nasal stenosis” has lain in its lack of understanding of the fact,
stated by Tonndorf, that we must consider turbulence as the physi-
cal factor most influencing resistance in the nose. This being the
case, it becomes obvious that by disturbance of streamlining, many
of the surgical and semi-surgical methods for “improving nasal con-
ductance” have been incorrectly designed to accomplish their osten-
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sible purpose, and often have had the opposite effect. It is suggested
that subconsciously this threat to overturn ingrained medical and
surgical behavior has furnished a basis for the highly emotional con-
tent of some of the opposition to rhinometry.

Rhinometry in North America at the present time is at about
the stage of development of audiology in the 1920’s and electro-
nystagmography ten years ago. [t has a long way to go, but the
future seems to promise important developments if rhinometry is
given an opportunity to produce advances in knowledge of the rela-
tionship of nasal to pulmonary and respiratory physiology which can
only be gained by accurate measurement with improved mechan-
isms and more elegant techniques.

At the present it is unwise to attempt to elevate these specula-
tive and working hypotheses, prematurely, to the status of “estab-
lished fact.” The rhinometric data available, owing to inadequacy
of equipment and technique, still falls short of justifying such an
attempt.

However, “physiologic nasal surgery” does seem adequately jus-
tified in observation of the satisfaction obtained by patients and by
the increasing good experiences as to long term results of rhinologic
surgeons who base their techniques, whether consciously or not, on
the fact that the respired air in obeying Reynolds™ “criterion” of
hydrodynamics behaves like a viscous fluid.

90 ImpeERIAL Drive, W. St. PaurL, Minn. 55118
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PRESIDENTIAL ADDRESS
IN DEFENSE OF CLINICAL RESEARCH

Each one of you has contributed something worthwhile to the
solution of our mutual problems, else you would not have been
invited to be a Fellow of this Association.

Clinical research may be defined as that type of investigation
based on the study of a group of patients having the same disease
syndrome, statlng in detail what they had, what was done, and
what happened one, two and more, and espe01ally five years later.

Much valid and important work of this type has been done by
members of this Association without the help of computers, elec-
tronmicroscopes and five-figure grants of taxpayers’ money.

Many of the more important investigations have not been
supported by taxpayers’ money and this in my opinion is distinctly
to the credit of the men who have expended their own time and
money to explore some facets of our unsolved problems. Grants are
essential for extensive research that requires expensive equipment.
Acquiring a grant might be likened to marrying a rich widow.
Nice if you can do it but then the widow may turn out to be very
demanding. I won’t carry the analogy any further.

My real purpose is to demonstrate that a man with an idea
and the tenacity of purpose to pursue it can make significant con-
tributions despite a limited budget.

In an attempt to substantiate this point I reviewed our Trans-
actions for the past 20 years, selecting two or three clinical studies
from each program, and noted whether or not it was supported by
outside funds.

Admittedly personal bias entered into the selection of these
papers. I was influenced in favor of the papers that helped me treat
patients more successfully. Other equally important papers would
have been chosen by someone else.

The 50 papers selected demonstrated that very fine and clini-
cally useful investigative work can be done without large financial
backing. Only three of the 50 papers had a by-line indicating that
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the authors had outside financial support for their studies. Thinking
and judgment are more important than complex and expensive
equipment.

At this point I am reminded of Walter Cannon’s' story about
an overseas biological chemist visiting the old Harvard Medical
School. He found Cannon and associates crowded into small, dark,
ill-adapted laboratory rooms. After listening to apologies and com-
plaints, he eased them by 1ema1k1ng Tve never noticed that the
nature of the cage determined the singing of the bird.”

In his 1960 Presidential Address, Dr. McNally* devoted con-
siderable time to the subiect of research and pointed out very
clearly what constitutes ethical research. I think all investigators
would do well to reread Bill McNally’s Presidential Address.

May I offer some additional references? “The Way of an
Investigator,” the delightful autobiography of Walter B. Cannon'
will be enjoved by all men who are inspired to expend time and
effort in working on unsolved problems.

Beveridge® in his book, “The Art of Scientific Investigation,”
recounts many of the great advances in medicine, most of which
were made by one man and not by a team of technicians working
a 40-hour week, less coffee breaks.

Another book worth every man’s time is “Controlled Clinical
Trials” edited by Professor A. Bradford Hill. In this book there is
a chapter written by D. D. Reid entitled “The Patient As His Own
Control.”

I think the patient can serve as his own control if the physi-
cian has an accurate record of the signs and symptoms for a definite
period of time before and after initiation of a treatment program.
Selection of a reliable test period will depend on whether the con-
dition is acute or chronic.

The insistence on the importance of controls leads me to quote
Cannon’s' story of the biologist who was reported to have baptized
one of his identical twins and kept the other as a control. The out-
come of this experiment was never reported, so possibly the father
did not like the result.

An impmtant paper of the 1949 meeting was H. L. Williams™
discussion of “Lethal Granulomatous Ulceration Involving the Mid-
line Facial Tissues.” In addition to an extensive report of the litera-
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ture, he presented three detailed case reports. This leads me to
remark that three cases carefully studied can be more informative
than 300 cases abstracted by a junior investigator.

For those who have a large enough series of cases to permit
statistical analysis I recommend Bradford Hill's 1966 edition of
“Principles of Medical Statistics.” I used to be intimidated by
mention of the chi-square test. Much valid clinical information has

been established without it

I doubt that many of you have recently read the Constitution
of the American Lalvngologlcal Association so I think it is not
amiss to quote briefly Article IT which reads as follows: “This Asso-
ciation shall have for its purposes 1) The advancement and pro-
motion of the study of the science of medicine and surgery, devoting
spemal attention to the upper 1esp11aton tract and to engage in
and to encourage research with respect thereto. 2) The elevation of
standards of the fundamental study and teaching of Rhinology
and Laryngology in the undergraduate and postgraduate medical
schools of America. 3) The pubhshmg annually of the proceedings
of this Association. 4) The honoring of those who by their contri-
butions in the field of Rhinology and Larvngology have aided in
its advancement.”
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Diplophonia is the simultaneous production by the voice of two
separate tones. In diplophonia, or diplothongia as it is sometimes
called, two sources of tone operate at the same time. The tones are
usually similar in quality and loudness, but distinctly different in
pitch. This problem can be distressing to the speaker and amusing
to the listener.! Diplophonia, a relatively uncommon phenomenon,
is generally regarded as a symptom of laryngeal pathology. We
recently observed and intensively studied an 18-year-old girl who
possessed the ability to produce diplophonia in the absence of a
pathologic lesion. The objective of this paper is to discuss the differ-
ential diagnosis of diplophonia and present an analysis of the find-
ings in this unusual case.

Diplophonia has been attributed to simultaneous vibration of
the vocal cords and the ventricular bands or the tissues of the
pharynx. Double voice or alternating voice is nearly always present
in the early stages of dysphonia plicae ventricularis,” a pathologic
entity due to phonation with the ventricular bands. This sometimes

From the Department of Surgery, Head and Neck, (Otolaryngology), UCLA
School of Medicine, Los Angeles, California 90024; the Bill Wilkerson Hearing and
Speech Center, Vanderbilt University School of Medicine, Nashville, Tennessee, and
the Department of Speech, University of Florida, Gainesville, Florida.

This work was supported in part by grants from the United States Public Health
Service, NB-5295 and NB-5507.



DIPLOPHONIA 41

occurs when the cord has been removed because of cancer and in
patients with congenitally absent or rudimentary vocal cords.? Upon
examination of the larynx in dysphonia plicae ventricularis with
accompanying diplophonia, the cords are seen to commence to
vibrate and emit a short sound before they are damped by the over-
riding closure of the false cords, which also begin to vibrate. Jack-
son and Jackson® described two cases in which there was alternating
production of sounds. The low notes were produced by phonation
with the ventricular bands, whereas the high notes were produced
by the true vocal cords. This type of diplophonic voice is in reality
an alternation of high and low pitches producing a tremolo that may
give the impression of diplophonia. Tumor and other lesions that
hold the cords apart can cause the ventricular bands vicariously to
assume the function of phonation. According to Lederer,* diplo-
phonia may result from tubercular invasion of the false vocal cords,
which brings them near the midline. Luchsinger and Arnold® indi-
ca'e that it may occur as a result of bilateral vocal nodules dividing
the glottis into anterior and posterior segments and forming it into
an “hourglass shape.”

The division of the cords into two separately vibrating struc-
tures has also been observed and the larynx photographed during
this process by one of the authors (P.M.). Male adolescents often
have difficulty controlling their voices. The loss of control is usually
evidenced by instantaneous, unpredictable and involuntary changes
in pitch. Sometimes double resonance or momentary diplophonia
is concomitant with the loss of control of the voice.

Negus® attributed the alterations in the voices of adolescent
males to the sudden enlargement of the larynx that occurs at puberty
and specifically to the lack of proper control of the increasingly
massive muscles of the larynx. The rare congenital anomaly of con-
genital duplication of the vocal cords is a well known cause of
hoarseness and could conceivably produce diplophonia, although
Frank and Malev” make no mention of it in their paper on double
vocal cord.

Another pathologic cause of double voice is paralysis of a vocal
cord. Luchsinger and Arnold® describe diplophonia as the “third
stage” of “flutter voice,” which is due to the passive flopping move-
ments of a flaccid, paralyzed vocal cord. The diplophonia results
from the different tension of the two cords.

Transient states of diplophonia are often caused by strands or
chunks of mucus which collect on the vocal folds during phonation.
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Two tones can be heard momentarily as a result of the asymmetrical
loading of one of the vibrating edges.*

The case to be detailed apparently represents physiologically
controlled diplophonia rather than a pathologic variety. One of Van
Riper and Irwin’s patients discovered “the trick of double phona-
tion” and deliberately used it for entertainment of friends.! She
was able to sing, using both tones, though the interval between high
and low tones was fairly fixed. To our knowledge the highly con-
trolled types of diplophonia possessed by our patients has not been
previously reported. Not only is it novel, but it presents us with the
opportunity to obtain some new insight into the anatomy and physi-
ology of phonation.

CASE REPORT

This 17-year-old Negro girl began to produce a double voice at
the age of six. Quickly observing that it amused her playmates, she
began cultivating this talent and began singing duets around age 12.

At the time she was initially seen by us, she had a strong pri-
mary alto voice and was singing in the choir that accompanied the
local symphony. Her primary concern, as well as her mother’s, was
whether singing in the dual voice would damage her normal singing
voice. The patient had been in excellent health and had always been
a “chubby” little girl. There was some question of endocrine dys-
tunction because of her obesity and hirsutism. This had been exten-
sively evaluated, however, and no abnormality had been delineated,
except a slightly low basal metabolism rate. She had been treated
with desiccated thyroid and “medication” had been necessary to
induce menses. A sibling was also learning to sing in a double voice.
She lacked accurate control of her voice, however, and was not as
accomplished as the patient.

Physical examination of the ears, nose and pharynx was normal.
The larynx appeared normal during single voice phonation. During
double voice production the false cords were normal, and both tones
appeared to come from the true vocal folds. The unusual nature of
the ability of the patient to produce the two tones with apparently
normal vocal cords stimulated us to study her case intensively, with
cinefluorography, regular and high speed photography of the larynx
and analysis of sonograms of her single and double voices.

Moving pictures of the larynx confirmed the clinical impression
of an anatomically normal larynx and that the two tones were pro-
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Fig. 1.—Photograph of patient in laryngeal laboratory in position for
photographing the larynx.

duced by the true vocal cords (Fig. 1). High speed photography
(1000 frames per second) demonstrated the asynchronous move-
ments of the two vocal cords during the production of dual voice.
The patient appeared to possess control of the degree of tension of
the two vocal cords, thereby allowing the airflow through the glottis
to affect them differently, producing the two tones. The tones were
varied by changes in the tension of one or both vocal cords.

Cinefluorography demonstrated increase in the activity of the
true vocal cords during diplophonic production. Excursion of the
false cords was diminished, and indeed, there was an even wider
opening between the false cords during the production of dual voice
as compared to single voice. The only other noticeable difference
was an increased excursion of the larynx upward or cephalad upon
simultaneous emission of the two tones. Sonographic analysis of the
high speed films during normal and diplophonic voice emission pro-
vided additional information. Graphic representation of the vocal
fold movement, glottal width and glottal area during normal or
single voice phonation is illustrated in Figure 2. The vocal fold
movements under conditions of normal phonation are essentially in
phase and the regularity is reflected in the curves for glottal width
and glottal area. The pattern seen in this figure indicates an essen-
tially normal voice.

An entirely different pattern is observed during diplophonic
phonation. Examination of the curves representing the vocal fold
movements clearly demonstrates the vocal cords vibrating at differ-
ent frequencies (Fig. 3). The upper curve of vocal fold movement



44 WARD ET AL.

NORMAL PHONATION DIPLOPHONIC = PHONATION
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Fig. 2.—Graphic representation of the vocal fold movement, glottal width
and glottal area during normal single voice phonation. The vocal fold move-
ments under normal phonation conditions are essentially in phase and the regu-
larity is reflected in the curves for glottal width and glottal area.

Fig. 38.—Sonographic pattern of the patient’s voice during dual voice
production. The curves representing the vocal fold movement clearly demon-
strate the vocal cords vibrating at different frequencies. See text for furthesr
explanation.

shows a greater number of oscillations, which are also of smaller
amplitude than are those of the lower curve. The combined motions
create patterns of glottal width and glottal area, showing three or
four well-defined instants of glottal narrowing, followed by a period
of relatively little change in glottal width and area. This pattern
of glottal area variation would be expected to create the auditory
impression of {wo tones, one corresponding to the frequency of the
relatively faster changes, and the other (a much lower pitched
sound ) corresponding to the total wave form or fundamental shown
between the numbers 1 and 2 and between 2 and 3 (Fig. 3).

Analysis of the vocal fold movements in this section indicates
a ratio between the curves of approximately 13 : 104 When two
sine waves having vibrational frequencies in this ratio are combined,
they produce the curves shown in Figure 4. The two sine waves are
shown independently and in combination. When the glottal area
measurements during diplophonic phonation (from the previous
graph ) are compared with the sine waves having the same ratio of
frequencies, the similarities between the curves are impressive.

DISCUSSION

From very careful analysis of the various examinations, we can
conclude that the patient has a normal larynx and that her vocal
cords vibrate at different frequencies when she produces a double
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FREQUENCIES OF FOLDS MOTIONS
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Fig. 4.—Comparison of sine waves emitted by vocal folds shows 13 to
10% frequency ratio. When combined and compared with glottal area meas-
urements, the similarities between the curves are impressive.

voice. The tones are probably a perceptive phenomenon, resulting
from the effects of short trains of three or four regular impulses
separated from each other by brief periods of continuous airflow
during which there is little or no pressure change. The trains of
three or four pulses probably give the impression of the higher
pitched component of the sound, and the total wave pattern creates
the impression of a much lower pitch.

Since the patient can introduce the double tone at will, has
significant control over the respective pitch of the separate tones,
and since there appears to be no laryngeal abnormality, it can be
concluded that the double voice results from differential contraction
in the muscles of the vocal cords. Differential contractions would
cause different degrees of elasticity in the two vocal cords. Since
the air pressure against the vocal folds and the airflow through the
glottis affect both folds equally, it can be assumed that the differ-
ences in frequency of vibration result from the controllable varia-
tions in elasticity that occur in one or both vocal cords.

From the analysis of the observations in this case, it appears
that a much greater voluntary control of the individual intrinsic
laryngeal muscles is possible, at least by some persons, than was
previously considered possible. This control appeared to extend to
selective, independent control of the two thyroarytenoid muscles in
this particular case.
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SUMMARY

Diplophonia, the simultaneous production of two different
voices, is a rather unusual, infrequent disorder, usually due to laryn-
geal pathology.

The differential diagnosis of diplophonia includes dysphonia
plicae ventricularis, the simultaneous vibration of several laryngeal
and pharyngeal structures, dual voice production, secondary to bilat-
eral vocal cord nodules, adolescent voice changes and loading of the
vocal folds with strands or chunks of mucus.

An unusual case of physiologic diplophonia was presented,
which was intensively studied by means of cinefluorography, regular
and high speed laryngeal photography and sonographic analysis.
The unusual ability of this patient selectively and independently to
control the elasticity or tension of vocal cords enabled her to pro-
duce alterations in the vibratory pattern perceived by the listener as
diplophonia.

Univ. oF CarirorniA, Los ANGeLEs, Carir. 90024
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DISCUSSION

GoprFrey E. Arnorp, M.D.: Double phonation or diplophonia of this type is
extreruely rare. I know only a few publications in the European literature which
describe this exceptional ability. The first was a presentation of a Hungarian singer
before the Berlin Medical Society by T. S. Flatau (Berl. klin. Wschr. 47: No. 49,
1910). This person could sing with two voices that followed the melody with the
constant interval of an octave plus a fifth, the second harmonic (12 tones apart
such as ¢! and g2). The double voice could nnot be produced except with almost
closed mouth and it disappeared with any attempt at endoscopy or laryngoscopy.
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The same singer was later studied radiologically by M. Scheier (Berl. klin. Wschr.
49: No. 18, 1912), the pioneer in radiologic phonetics. Although impressive changes
in laryngeal positioning were seen during double phonation, the explanations offered
by the assembly of famous voice physiologists remained speculative. The chief point
was the lowered epiglottis during double voice, similar to ventriloquism.

A case of triple phonation was described by D. Weiss (Archives Néerland.
Phonét. Expér. 11: 137, 1935). A member of a touring chorus, age 26, could pro-
duce two separate and independent tones by labial double whistling, employing all
intervals from a second to an octave. Moreover, and this was so exceptional, he
could sing (or hum) a third independent voice by laryngeal phonation. The unique
performance was recorded on a phonograph that is still available from the Phono-
gram Archives, Vienna Academy of Sciences.

Double whistling in counterpart is an exceptional musical ability that has been
observed occasionally; the phonetician Paget and his daughter could do it, per-
forming quartets. Simultaneous whistling and singing has also been recorded, such
as by the phonetician Moser who could perform fugues with his lips and larynx.
Simultaneous double-whistling plus singing was reported by Weiss. Double singing
in fixed intervals was heard in the first case above. Double singing in counterpart,
as demonstrated by Dr. Ward, is a most unique phenomenon, however.

All these types of double or triple phonation, in unison, parallel, or counterpart,
represent exceptional musical ability and neuromuscular control. These abilities
presuppose extraordinary development of the cortical psychomotor areas for the
voluntary control of these adjustments.

The completely new feature in Ward’s case is the exploration of the double
voice with modern techniques. High speed motion pictures have revealed the
mechanism of a double voice. While the girl produced normal single voice, her
glottis closed normally and nothing unusual was seen. Whenever we heard her
double voice, however, the glottis became much wider, as one would expect in
a case of severe hoarseness. I must conclude that the audible double voice is a
psychoauditory phenomenon in the listener’s ears. It may be produced by aero-
dynamic principles in this unusually wide glottis. The acoustic laws applicable to
the physics of wind instruments may provide the mathematical explanation of this
baffling observation.

I would advise caution regarding the different vibratory ratios or patterns of
the two cords during double phonation. As far as we understand it, the vocal cords
vibrate silently and do not by themselves produce sound as do elastic strings. If
two vocal cords really vibrate differently, as with unilateral polyps, infiltrations, etc.,
marked hoarseness or pathologic diplophonia is heard. It seems inconceivable to me
at present that in this double voice, one tone would emanate from the right cord
and the other from the left, singing bilaterally as a pianist plays with two inde-
pendent hands. I rather suspect that the second one is something like a harmonic,
summation tone, or difference tone, originating within this peculiarly shaped glottis
according to some psychoacoustic principle.

For the sake of deepening our knowledge of human phonation I hope that this
unique case will be studied further, including the methods of acoustic phonetics,
musical acoustics, psychoacoustics, cinefluorography, etc.

Finally, I hope that this charming girl will be given the opportunity of obtaining
formal musical education so that she may develop her unusual musical and laryngeal
talent to become a truly great artist. In our time of expanding temporal bone bank
research, it also seems acceptable that a phenomenal individual of this type could
be invited to bequeath the brain and larynx for eventual study in a neurologic and
laryngologic institute, just as some great musicians and scientists have done in
the past.
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Thank you for showing us a phenomenon that I can readily hear and see, but
do not comprehend.

Dgr. Warp (closing): This girl also has the ability to produce a third voice.

Since our interest in this one case we have had another situation brought to our
attention: Apparently the lamas in Tibet learn to phonate with a dual tone and
in order to become the Dalai Lama you have to be able to chant with a dual voice.
However, since their plight is currently in question and they are kind of being chased
out of their native land, I am afraid this talent may be lost.
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Coincident with significant improvements in the management
of shock, fluid management and sepsis in the severely burned pa-
tient, respiratory tract damage has emerged as the principal killer in
burned patients.* Despite the recognized nature of this aspect of
the severely burned patient, and despite extensive clinical studies
and laboratory research, there remains considerable confusion and
disagreement regarding the assessment and management of burned
patients with respiratory tract damage.

When studying the literature on this subject, one is immediately
struck by the considerable disagreement regarding indications for
and against tracheotomy in these patients, and the lack of knowl-
edge and understanding relative to the role and importance of the
larynx in burn injuries to the respiratory tract.

Not infrequently, the otolaryngologist may be called upon to
help in the management of these patients, especially regarding
tracheotomy and problems of tracheobronchial toilet. Having been
faced with this challenge on a number of occasions and finding very
little reference to this problem in the otolaryngologic literature, we
decided to undertake a search of the general medical literature to
formulate what we feel is a wise and well-founded plan of action
when confronted with the responsibility of managing respiratory
problems in the severely burned patient. This paper is the result of
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this search, and its purpose is to assemble the important material
which we have culled from the literature, to evolve a plan of treat-
ment and to bring this information to the attention of other otolaryn-
gologists.

The Offending Agent. To arrive at a sensible plan of assessment
of the problem and management of the upper respiratory tract dam-
age, it is important to have an understanding of what is the actual
offending agent that brings about the respiratory tract pathology.
At first glance, one would tend to think in terms of a “fire” or respir-
atory tract “burn” when faced with a patient with extensive body
burns. The term “tracheobronchial burn” is used extensively in the
literature. Experimental and clinical studies, however, demonstrate
that damage to the respiratory tract in survivors of conflagrations is
nearly always caused by the effects of smoke or “products of incom-
plete combustion” rather than heat.®® Actual thermal burns of the
respiratory tract are usually limited to the anterior portion of the
nose and mouth due to very efficient heat exchange in the upper
respiratory tract.>® Heat sufficient to produce thermal burns of the
pharynx and larynx produces acute obstructive laryngeal edema
incompatible with life before actual thermal burns can be produced
in the tracheobronchial tree. Even the larynx is usually spared from
heat sufficient to cause laryngeal thermal burns, except in already
unconscious patients since, as Taylor and Gumerick point out, “No
alert human being will allow flame to reach his face if he is con-
scious.”” Accordingly, our thinking in terms of damage to the laryn-
gotracheobronchial system should be in terms of the effects of
chemical irritation and destruction of tissue by smoke and chemical
products of incomplete combustion rather than the effects of actual
heat.

This concept has been demonstrated in animals by Moritz,
Stone and co-workers.*¢ These investigators conducted experiments
with anesthetized dogs wherein the respiratory tract was exposed to
oven heated air, flame and steam. They found that it was necessary
to introduce the heated air, flame or steam directly to the trachea by
an insulated translaryngeal cannula to produce any effect upon the
tracheobronchial tree. Any of these agents applied directly to the
upper respiratory tract caused immediate laryngeal and pharyngeal
edema sufficient to kill the animal instantaneously before any dam-
age could be done to the tracheobronchial tree.

Stone and his co-workers,? using rats, also found it necessary to
use an insulated tube to bypass the larynx in order to study the
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effects of direct heat on the tracheobronchial mucosa. In their inves-
tigations, they compared the variables of heat, humidity and smoke
using the mortality rate during the ten days after exposure as the
criteria of severity of damage. As expected, mortality was directly
proportional to the amount of heat exposure. The mortality rate
increased with increased humidity, but more important was the find-
ing that exposure to smoke increased the mortality more than
humidity. A heavy concentration of smoke in the inhaled air was
almost as important regarding mortality as was the actual tempera-
ture to which the animal was exposed.

Pathology. Pathologic findings in Stone’s animal experiments®
demonstrated extensive destruction of bronchial mucosa, dilatation
of large and small bronchi, hemorrhagic edema of the peribronchial
connective tissue, generalized hyperemia and hemorrhagic edema
of the peripheral bronchi and alteration in the alveolar capillary
membrane.

By and large, the autopsy findings in patients dying of pulmon-
ary “burns” conformed to the experimental findings of animals ex-
posed to heat and smoke inhalation.>”!* These consisted of intense
tracheitis, bronchitis, and necrosis of the tracheobronchial epithe-
lium with diffuse hemorrhagic and focal membranous reaction in the
tracheobronchial mucosa. Pulmonary changes are manifested by
one or more of the following: 1) pulmonary edema, 2) atelecta-
sis, 3) intra-alveolar hemorrhage, and 4) disruption of the alveolar-
capillary membrane. The amount of damage is, of course, depend-
ent upon the severity and length of exposure.

Unfortunately, in the autopsy reports available in the literature,
very little is reported regarding the histopathologic changes in the
larynx of the patients succumbing to burns. In the few cases we
were able to find, the laryngeal histopathologic changes were de-
scribed as edema and necrosis of the surface epithelium overlying
an intact basement membrane.®?'?

Although we could not find this stated definitely, we have con-
cluded, by inference, that in most victims of severe burns arriving
at the hospital, our treatment philosophy must be directed at the
pathologic changes in the entire tracheobronchial tree rather than
the larynx or upper respiratory tract, since severe thermal or smoke
damage to the larynx results in laryngeal obstruction and death at
the scene of the conflagration.

History, Symptoms and Physical Signs. Although the presence
of damage to the respiratory tract in the burn patient may be quite
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obvious when first seen, this is frequently not the case. Lethal dam-
age to the respiratory tract may have taken place with only minimal
clues to direct one’s attention to this area in addition to other more
obvious, but possibly less lethal, burned areas of the body skin. It
is of utmost importance to obtain a careful history as to the nature
of the fire in which the burns were sustained. It has been shown
that the greatest majority of significant respiratory tract damage in
burned patients occurs when the burn was a result of flame-type
injury in an enclosed space, such as a burning room or building.?*
This again reflects the importance of the influence of smoke and
products of incomplete combustion in the respiratory tract damage.
This concept is further confirmed by the fact that in the southern
parts of the United States and in England respiratory tract involve-
ment in burned patients is relatively rare.’® This is because the
burns are most often caused by the ignition of clothing by space
heaters and unguarded coal fires, wherein the victim usually runs
about in relatively clear air rather than inhaling the hot, smoky
atmosphere of a burning room or building. Therefore, we must
ascertain the situation in which the patient received his burns, not
only whether the burn was incurred in a closed place, but also the
nature of the combustible material contributing to the smoke in the
area. Cope® has found that persons burned in enclosed spaces stood
a 47 percent chance of suffering respiratory damage. He also noted
that respiratory burns occurred twice as frequently in patients who
had associated second and third degree burns of the respiratory area
of the face. From his 18-year study of burn patients at the Massa-
chusetts General Hospital, Cope found that 88 percent of the pa-
tients with pulmonary burns were found to have a combination of
deep burns about the respiratory area of the face and a history of
having been burned in an enclosed space.

Symptoms and signs to indicate the presence of pulmonary
damage may be very obvious or very deceiving, depending upon
the severity of respiratory involvement and the state of conscious-
ness and cooperation of the victim. It is also important to realize
that both symptoms and signs may be minimal on admission, only
to become manifest a few hours later. The significant points of
importance relative to history, symptoms and signs in patients with
mild and severe respiratory tract involvement are presented in
Table I.

Assessment of these findings indicates that combinations of the
more severe signs and symptoms of each provide very important
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TABLE 1

POINTS OF IMPORTANCE IN INITIAL EVALUATION OF
BURNED PATIENTS WITH RESPIRATORY INVOLVEMENT

CLINICAL ASPECTS

MILD INVOLVEMENT

SEVERE INVOLVEMENT

Historically
Burn Agent
Environment

Presenting Complaints
Sore Throat
Cough
Hoarseness
Dyspnea

General Evaluation
State of Consciousness
Patient Cooperation
General Orientation

General Appearance
Color
Respiratory Effort
Cough

Physical Examination
Body Surface Burned

Nasal Vibrissae
Oropharynx
Chest

Ancillary Studies
Chest X-ray

Sputum

Flame
Enclosed

Variable
Frequent
Infrequent
Infrequent

Alert
Good
Good

Normal
Normal to slightly labored
Mild

Usually involves
respiratory area of face

Frequently singed
Injected

Normal to decreased
breath sounds

Normal

Normal

Flame
Enclosed

Variable
Always
Variable
Always

Lethargic to Comatose
Bad
Bad

Cyanotic or cherry red
Labored
Severe

Involves respiratory
area of face

Always singed
Injected

Decreased breath sounds
with rales

Normal or with signs of
consolidation and atelec-
tasis or pulmonary edema

Soot flecked

prognostic implications. Cope and his co-workers have found that
labored respirations, stridor or cyanosis on admission are observed
in 50 percent of fatal cases. It must be remembered, however, that
cyanosis may be masked by the cherry red color of blood induced by
carbon monoxide poisoning. The presence of auscultative changes
in the lungs on admission is also a very dire prognostic finding, since
physical findings in the chest and x-ray changes in potential survi-
vors usually do not occur until after a number of hours, or even
days, following the burn. Another very important point to remem-
ber in respect to the signs of respiratory burns is that stupor and
confusion are often encountered, and must be recognized as being
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due to hypoxia from respiratory damage rather than being attributed
to a shock or other causes.

Clinical Management. From the otolaryngologist’'s viewpoint,
it is probably best to approach the management of airway problems
by utilizing the three stages proposed by Stone,® i.e., 1) pulmonary
insufficiency, 2) pulmonary edema, and 3) pneumonia.

The first and most severe stage is that of pulmonary insuffi-
ciency manifested by signs of marked airway obstruction (cyanosis,
retraction, dyspnea, and diminished to absent breath sounds). It
should be recognized that the prognosis is almost completely hope-
less in this situation. Although many of the signs and symptoms
point to upper airway or laryngeal obstruction, in most cases they
are really due to pathology in the entire respiratory tract rather than
the larynx. Further, if the main pathology is, indeed, in the tracheo-
bronchial tree, tracheotomy may not only be futile but may be fatal.
The barrier to ventilation which appears to be of laryngeal origin is
primarily due to severe bronchospasm and/or extensive alveolar
damage. In this stage of the disease process, tracheotomy should
only be done if definite laryngeal obstruction can be demonstrated.
In this regard, it is important to attempt an assessment of the laryn-
geal airway, either by direct or indirect laryngoscopy, as soon as the
patient is admitted and before swelling of the head and neck or
oropharynx with trismus obviates the opportunity to do so. Although
there is considerable disagreement in the literature regarding trache-
otomy in this stage of respiratory burns,'**!21416 the general con-
sensus of opinion appears to be that unless there is obviously demon-
strated laryngeal obstruction, tracheotomy should be deferred due
to the dire consequences, i.e., increased shock, introduction of sep-
sis, and premature induction of pulmonary edema. Keeping in mind
the high probability of bronchospasm in this stage in the absence of
definitely demonstrated laryngeal obstruction,*? tracheotomy should
be deferred pending the results of a large dose of corticosteroid in
an attempt to break the bronchospasm. If, after steroid administra-
tion, the patient is still in respiratory distress, tracheotomy may be
considered. It must be considered cautiously, however, remember-
ing the importance of sepsis from the operative procedure and, more
importantly, by recognizing the danger of premature induction of
pulmonary edema as a result of lowering intrabronchial pres-
SULE.:'

Stone has shown that in his series of 27 cases, death ensued
immediately following the insertion of the tracheotomy cannula in
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four patients, presumably due to decrease of intrabronchial pressure
with resultant massive pulmonary edema. It must then be recog-
nized that if a tracheotomy is performed during this stage of respir-
atory insufficiency, either because of definite or suspected laryngeal
obstruction, a cuffed tracheotomy tube must be utilized and the
patient immediately put on positive pressure ventilation. A word
of caution is also necessary here to warn that most positive pressure
ventilating machines are grossly contaminated and may quickly pro-
duce a fulminating pneumonia by inoculating the damaged tracheo-
bronchial tree with bacterial organisms. Every effort should be
made to maintain sterility of the ventilatory machine by gas steriliza-
tion at relatively frequent intervals. In general, it might be said that
when a patient is encountered in the stage of pulmonary insuffi-
ciency, the prognosis is almost uniformly fatal and, with the excep-
tion of positively demonstrated laryngeal obstruction, tracheotomy
more often does harm than good. In view of the grave prognosis
and difficulty in determining the exact cause of ventilary insuffi-
ciency, the primary treatment consists of the administration of 40
percent oxygen at a 100 percent water vapor concentration via face
mask or endotracheal tube.

The second stage to be expected and anticipated is that of
pulmonary edema. If this is not induced by premature tracheotomy,
it seldom develops before the institution of fluid therapy, usually at
least eight to ten hours following the burn. The treatment of choice
during this stage is that of positive pressure ventilation adminis-
tered through a nasal endotracheal tube with sufficient sedation for
the patient to tolerate the tube.’® Again, one must remember the
importance of attempts at maintaining sterility of the ventilating
device. In patients with pre-existing cardiac disease, fluids should
be used cautiously and administration of diuretics and/or digitalis
preparations may be of benefit in controlling the tendency to pul-
monary edema from the cardiac viewpoint, but these agents, in the
absence of pre-existing cardiac disease, do not alter the course of
pulmonary edema on the basis of the pulmonary changes resulting
from the burns. If a previous tracheotomy has been done and the
patient has survived to this stage of pulmonary edema, positive pres-
sure ventilation can be administered via the cuffed tracheotomy
tube. Since the time period requiring forced ventilation in this stage
of the disease is relatively short, an endotracheal tube is preferred
for this purpose, thus obviating the increased dangers of sepsis from
the tracheotomy.
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TABLE II

SUMMARY OF IMPORTANT ASPECTS OF THREE STAGES
OF RESPIRATORY INVOLVEMENT IN
SEVERELY BURNED PATIENTS

Pulmonary
Stages Insufficiency Pulmonary Edema Pneumonia

Time of Onset 0-8 Hour Post-Burn 8-36 Hours Post-Burn  2-6 Days Post-Burn

Symptoms Dyspnea, sternal Dyspnea, frothy Dyspnea, fever,
retractions, and sputum and rales and areas of pul-
decreased breath monary consoli-

sounds dation

Pathophysiology Marked Transudation of fluid Bacterial invasion

bronchospasm into the bronchioles of lung
and alveoli parenchyma

Treatment Intravenous steroids Intratracheal intuba-  Large doses of anti-
40% O- at 100% tion with continuous  biotics; tracheotomy

humidification intermittent positive to assist tracheo-
by mask pressure ventilation bronchial toilet

Prognosis Grave Poor Fair

80% Mortality 65% Mortality 30% Mortality

The third stage, one which all surviving patients pass through,
is that of bacterial pneumonia. This is almost always associated
with massive bronchial pulmonary secretions. The onset of this
stage may be as early as the second day following the burn, but is
usually encountered between the fourth and seventh day. It is dur-
ing this stage that tracheotomy plays its most significant role in the
management of respiratory involvement in the severely burned
patient. At this time, the control of the large amounts of bronchio-
pulmonary secretions is difficult by any other means than tracheot-
omy. Accordingly, tracheotomy for a short period of time is very
desirable for adequate tracheobronchial toilet. It must be remem-
bered, however, that the tracheotomy is useful for this purpose only,
and that the cannula must be removed as quickly as possible to
minimize further bacterial contamination associated with the trache-
otomy wound and to avoid other complications of tracheotomy in
the damaged tracheobronchial tree, such as tracheal erosion, trache-
itis, etc. The pneumonic process itself is managed by massive doses
of appropriate antibiotics. It should be pointed out that prophylac-
tic antibiotics in the early stages of “pulmonary burns” have not
been demonstrated to be of any value in preventing this stage of the
disease process; they may be detrimental by changing the bacterial
flora towards more antibiotic resistant organisms. The important
aspects of these three stages are depicted in Table II.
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SUMMARY

A review of the literature relative to the problems concerning
the respiratory tract in the severely burned patient reveals a paucity
of information on this subject in the otolaryngologic literature. In
view of the fact that otolaryngologists may be called upon to assist
in the management of the airway in these patients, the general liter-
ature has been reviewed and condensed to point out the factors of
importance in the history, symptoms, signs and management of
patients during the various stages of involvement with this type of
injury.

This review has pointed out the extreme paucity of information
relative to the role of the larynx in the severely burned patient,
indicating a need for additional clinical and laboratory investiga-
tions to properly assess the importance of laryngeal changes in the
management of these patients.
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DISCUSSION

Tromas C. GarLroway, M.D.: So far as I know, the first important study of
burn injury of the respiratory tract was by Dr. George Livingston. This was presented
before the Chicago lLaryngological Society but unfortunately not published. This
was before the Coconut Grove report. He described three children who slept on
a tenement house floor where a wave of flame swept over them.

I bronchoscoped these children within two or three hours while Dr. Livingston
did tracheostomies. We found in the pharynx and trachea red thick mucosa looking
like a first degree burn and not unlike that of a very acute laryngotracheo bronchitis.
We ascribed the injury to a blast of flame and it did not seem that a chemical
damage could be so severe.

If Dr. Reed’s thermograms were taken under duplicate conditions we may
conclude that it was chemical as there was not vet obstruction or infection to account
for the picture. These children had also the cherry red skin and blood findings of
carbon monoxide poisoning which must not be overlooked in such circumstances.
This caused the death of two of these children.

I question some of the statements about tracheotomy and pulmonary edema.
With respiratory obstruction as seen in tracheobronchitis and polio, for instance it
seemed due to increased negative intrathoracic pressure and increased capillary
permeability associated with hypoxia and increased carbon dioxide tension and
possibly infection, with some cardiac insufficiency. If a tracheotomy is done early
as it should be if it is to be done, it is hard for me to see any increased danger of
pulmonary edema from it. I still think the edema, increased exudate, atelectasis with
infection and cardiac failure are markedly increased by added obstruction that
usually occurs with tracheostomy. I would treat these cases as I would a very severe
laryngotracheo bronchitis.

I have seen two other cases with similar findings. In one where there was an
explosion of a gas tank in an auto accident with the severe findings chiefly in the
pharynx and hypopharynx.

The paper was valuable. T hope we hear more about thermograms.

JeroME A. HiLcer, M.D.: I had the misfortune of having experience with burns
of the upper respiratory tract in World War II. The Spitfires that saved Britain had
a gas line running through the cockpit and the German streams of machine gun fire
had a tracer every fifth shell and as the gas line would be ruptured the cockpit
would fill with gas fumes under pressure and the tracer bullet would ignite producing
a flash burn.

Flash burns are interesting. They are somewhat different from the usual burn.
It was notable in these men who had to wear silk gloves to protect their hands that
when they were brought in after a flash burn in the cockpit, if they had a hole in
their glove they had a third degrece where the hole was but they had no burn at all
on the rest of their hands, showing the transient quality of the flash.

It was said in Britain in those days, and I accepted it, that no one with flash
burns severe enough to cause airway obstruction survived. This we disproved, how-
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ever, in Africa because there were flash burns of comparable types from other sources
brought in that were so severe that when I did a tracheotomy the thyroid was
cooked and there was quite a bloodless field. It was notable that the larynx was
literally burned from the flash heat, also the mouth and, to a degree, the interior
of the nose. Some of those patients (and perhaps unfortunately, I am not the one
to judge that ethical problem) survived and so the British were disproved. One can
survive a flash fire that burns the larynx sufficiently to require tracheotomy. I agree
with Dr. Galloway that if one is going to do a service for them it requires rather
prompt tracheotomy. These were the product of intense heat in the upper airway
and were not the product of any chemical irritant with delayed action.

DaNieL C. BAKER, Jr., M.D.: This problem of fires and flash burns and the like
is one that is ever present. The most recent one happened in New York City at
four-thirty in the afternoon when the streets were crowded with people and offices
were filled. I believe the count of the individuals that died was at least ten. It all
happened from flash burns from the third floor of a building right near Saks Fifth
Avenue.

I mention it because one of my neighbors, an architect, age 41, died in the .ﬁre
and he had his coat in his hands, presumably trying to put out a blaze when he died.

I would suggest a lot of information could probably be gained by getting
information from the coroners and the people who performed the autopsies as to
what injuries did take place in the laryngeal tracheobronchial tree.

Dr. Reep (closing): These opinions that we have put down in this paper of
necessity have been culled from the literature in general and are not the basis of any
direct work that we have been able to do.

I am delighted that Dr. Galloway bronchoscoped the five patients he spoke
about. Almost nowhere in the literature could we find any descriptions of not only
the tracheobronchial tree but the larynx. The people who handle these problems
don’t look at the larynx. I think this is something that needs to be done to know
where we stand with some of these severe burns.

We didn’t mention this in our short presentation, but the business of the cherry
red color of carbon monoxide poisoning is very important. You may be looking for
cyanosis and think the patient can’t have any airway obstruction because he is so
rosy pink from the carbon monoxide.

I still would have to stand by avoidance of the early tracheotomy. As far as
we have been able to determine, especially in the dearth of information about the
larynx, although the patient looks and sounds as though he had a laryngeal obstruc-
tion and this is what is causing his airway problem, the problem nearly always is
diffuse chemical tracheobronchitis and destruction of the alveolar membrane (that
is the important part) and the tracheotomy doesn’t do any good. It not only doesn’t
do any good but it introduces infection and other problems, especially the loss of
intrabronchial pressure with edema.

Dr. Hilger, I am afraid I can’t really speak about flash burns in those old-
fashioned airplanes because I don’t think we carried our research into the literature
as far as that primeval war. It is interesting, though, that this is a very unusual
situation which, of course, would be difficult to document, and I will just have to
take your word for it that those larynges were cooked and that you were able to
save them with tracheotomy. Our experimental investigators couldn’t do it. They
had to bypass the larynx to keep from killing the animal.

One other rather interesting little comment I would like to make is the studies
of the Cocoanut Grove fire, which was probably one of the worst in the country and
which was very well documented by Cope and many others in Boston. There were
three survivors who had received a full exposure in that fire and those survivors
had no damage to the tracheobronchial tree and all three of them had done nothing
more than hold moist handkerchiefs in front of their nose and mouth. If you ever
do get caught in one of these horrible situations, the very simple expedient of putting
a moist handkerchief in front of your nose and mouth will save you from death
by pulmonary burns.



CHRONIC LARYNGEAL STENOSIS
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The subject of chronic laryngeal stenosis has become increas-
ingly important. In this presentation, it is my purpose to give a
working classification of the causes and the management of this
condition. Three excellent papers on the repair of chronic laryngeal
stenosis were presented at the last meeting of the American Laryn-
gological Association by Dedo and Sooy,' Bryce et al.,> and Mont-
gomery.® Much of our literature in recent years has been directed
to the early and late management of injuries to the larynx and
trachea. Holinger and Johnston,* Fitzhugh et al.,> Ogura and Pow-
ers,® and Bryce and Lawson” have made important contributions to
this subject.

Chronic laryngeal stenosis is a disabling disorder. Not only is
there the problem of communication due to an inadequate voice,
but there is also the inconvenience and responsibilities of care of the
tracheostomy tube. In addition, there is the psychological effect on
a growing child who must mingle with other children at home, at
play and at school. In the case of an adult, there is sometimes a
serious mental disturbance when faced with a future of wearing a
tube, and one or more surgical procedures. If all goes well with the
management of the particular problem, the resultant voice is fre-
quently far from satisfactory. In many instances the laryngologist
is unable to assure the patient of more than a usable voice. Further
surgical procedures to improve the voice do not always obtain their
objective, and in some instances the problem can be aggravated.

The management of a patient with chronic laryngeal stenosis is
dependent upon the etiology, the age of the patient, and the changes
that are present at the time of observation. Another important factor

From the Department of Otolaryngology, College of Physicians and Surgeons,
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is the experience and skill of the laryngologist in charge of the
patient. The surgical treatment of this disabling disorder is depend-
ent upon the ingenuity and creative ability of the laryngeal surgeon.
No two cases of chronic laryngeal stenosis are identical. Procedures
have to be modified to fit the individual problem. The objectives of
the surgeon are the establishment of a good airway without the use
of a tracheostomy tube and a satisfactory voice. The careful plan-
ning of the operative procedure is most important.

There are many causes of chronic laryngeal stenosis. The condi-
tion can be present at birth and may occur in more than one member
of the family and probably transmitted through the genes. Baker
and Savetsky® reported three cases of congenital partial atresia of
the larynx. The condition was present at birth in the mother and in
two of her offspring.

Acquired chronic laryngeal stenosis can occur at any age. In
children, two long-standing causes are still with us, namely, the
poorly placed tracheostomy opening and a poorly fitting tube. Fail-
ure to recognize these two factors can cause subglottic stenosis. In
adults, conservation surgery for carcinoma of the larynx may be
followed by stenosis of the remaining portion of the larynx. Meas-
ures must be employed to prevent possible stenosis of the anterior
portion of the larynx.

Chronic granulomatous lesions present their own problems.
Laryngeal tuberculosis is seldom seen today, but it is always a
possible cause of stenosis. The condition can be brought under
prompt control with medications. If stenosis develops after the
curative phase, surgical correction is possible. Syphilis of the larynx
in my present day experience is rare. I have not seen a gumma of
the larynx in 20 years. This is probably due to the fact that few
patients have passed through this generation without receiving peni-
cillin or some other antibiotic for some respiratory infection or other
illness. In my practice, I have seen patients with chronic laryngeal
stenosis due to a granulomatous process and the diagnosis was never
adequately established. If the condition is active, it may rule out
the possibility of surgical repair. One granulomatous lesion that
lends itself to surgery is rhinoscleroma. The disease is slowly grow-
ing, and large rounded masses which may appear in the larynx and
trachea can be removed by laryngofissure with the re-establishment
of the airway.

Table I lists many causes for laryngeal stenosis. The list is not
complete and the measures employed for the management of the
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particular problem is not presented in depth. A paper could be
evolved from any one of the listed conditions. Progress has been
made in our knowledge and therapy of chronic laryngeal stenosis.
It can be expected that further progress will be made, perhaps in
the field of transplantation, not of the entire larynx, but a portion
of it.

SUMMARY

A classification as to the etiology and the management of
chronic laryngeal stenosis has been presented.

Experience has shown that definitive laryngeal surgery on
infants and children should be given considerable thought. A con-
servative approach with allowance for growth of the larynx is of
paramount importance.

The development of new plastic prostheses and the ingenuity
and creative ability of the laryngeal surgeon has given us a fresh
outlook on the management of this disabling disorder.

161 Fort WasHINGTON AVENUE, NEw York, N.Y. 10032
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DISCUSSION

HerBerT HARRIs, M.D.: I think Dr. Baker has thoroughly covered a very broad
subject and I have little comment to make.

Unfortunately, I guess I should say “unfortunately,” I can’t disagree with him
on very many things he has mentioned. Of course, he has given a general outline
of many different procedures, all of which, I am sure, he doesn’t follow himself.
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There are two or three areas, though, that I wish to speak specifically about.
One is that I have long since learned to not dilate the larynx because I think it is
too troublesome, it takes too much time and I think there are other methods that
suffice better.

There was one thing I was happy to see him mention and that was skin grafting.
Several years ago, I published a paper on grafting of acute injuries to prevent con-
traction and I am not sure that it went over very well, though we have extended our
experience now into quite a number of cases and our successes are still 100 percent
with stents remaining for a short period of time.

Now, there is one other thing that I wish to also mention and that is the use of
acrylic molds. 1 try to follow surgical principles whenever 1 do surgery and I think
all of us should. One of the first things I learned in medical school was never to
place a cast over a bony prominence without it being well padded. If anyone can
tell me how you can put an acrylic mold in the larynx without producing a pressure
necrosis I would like to see that demonstrated.

I am not sure that I should say more because there is so much to be said about
this paper that perhaps 1 should sit down and allow someone else to talk.

In expressing an opinion, I do so from having had the experience in a fairly
large number of acute injuries of the larynx and chronic stenosis from injury.

There is one thing in closing that I do wish to say. I heartily agree with Dr.
Baker in not entering the larynx of the very young as an external approach. I feel
that in the cases that we have done, our results have not been good. I cannot say that
the larynx didn’t develop, but our successes were not that which we expected.

Wavrter P. Work, M.D.: It might be of interest to point out, particularly in
laryngeal trauma, the interest that is being developed for determining how these
injuries are produced. At our Highway Safety Institute at the University of Michigan,
sponsored by the big three of the motor car industry, the members of this Institute
have taken a special interest in laryngeal work. One of our residents, fortunately,
has been tied in with this and as a sidelight to the actual injury itself, has found
that in dogs if the injury is directly anterior to posterior instead of a glancing blow
that these dogs often die. They die apparently from hemorrhage within the brain
stem. The trauma is forceful enough to transmit energy through the cervical vertebral
skull. This is an observation that may be able to be carried over into the human.
We may be losing some of the patients in automobile accidents by this mechanism.
We are not sure yet, but I thought I would point out this observation.

G. ArnorLp HeNRy, M.D.: In traumatic cases, and I am speaking of adults,
there is frequently tremendous hypertrophic overhealing, not only of the soft tissues
but the arytenoids and other laryngeal cartilages.

In these cases as well as inserting a proper stent, one has frequently to remove
a large portion of this hypertrophic tissue. One may remove one or even both
arytenoids when they are grossly swollen and semi-immobile. Like the lung fish
who has a primitive larynx without cartilage, a muscle nerve segment too weak
to move following injury, may now function reasonably well.

Last December I was asked to admit a patient, 60 years of age, because of
shortness of breath. Eighteen months previously he had 6000 rads of radiotherapy
for cancer of the epiglottis. After performing a tracheotomy, liberal pieces of hyper-
trophic granular tissue were removed from the arytenoid and pharyngeal wall area.
The epiglottis was clean. To our surprise, this tissue came back labelled necrosis
following radiotherapy.

A week later with this in mind, I removed a great deal more of this hyper-
trophic tissue around the arytenoid and laryngeal glottis. This came back negative
for cancer as well.

1 saw the patient two weeks ago. One vocal cord did not move but this had
been true before his irradiation. The other cord had almost normal range of move-
ment and the larynx had resumed almost a normal appearance.
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I think we have to remember that sometimes tremendously hypertrophied tissues
are more than a weakened or even an intact muscle nerve segment can move.

ArTHUR J. CRACOVANER, M.D.: I want to make a comment on one statement,
that of “careful planning.” I find in cases of traumatic stenosis, in spite of the
laryngograms and pharyngograms and direct laryngoscopy, it is difficult to anticipate
what you are going to find when you open the larynx. Frequently, when you do
open it, you have to improvise, you have to make up your mind what you are going
to do at that time and I find the thing that has helped me most in this improvisation
is knowing the history and development of the treatment of chronic stenosis. If you
go way back and follow the course and the various methods of treating laryngeal
stenosis, you can come up with an idea at operation that is appropriate, so I think
that “careful planning” is difficult in these patients.

Joseru H. Ocura, M.D.: T would like to limit the remarks to traumatic stenosis
of the larynx in the chronic phase.

I believe that most of the difficulties that you have here can be with relation-
ship to how do you rehabilitate this in the very severe form?

Now, those which are at the glottic and supraglottic areas are, in my hands,
one of the most difficult to anticipate where the pathology is, so how far can you
get down to the larynx and be able to resect it and rehabilitate it?

Quite commonly the supraglottic lesions are involved with the pharyngeal injury
in combination and so the resection must entail a horizontal resection. Skin grafts
in this type, of course, will not work.

Likewise, in the subglottic forms it has been my experience that the direct
surgical approach by a thyrotracheal anastomosis has been the best. Now, some of
these failed but the failure rate based on a single operative procedure with a sub-
glottic resection is small, compared to high failure rate with skin grafts and repeated
dilatation.

Dr. Baker (closing): To Dr. Harris. I agree with him that dilatation in chronic
laryngeal stenosis is of little value. It is also a complete waste of time. But I do
emphasize the point that we are faced with, namely, that when we do a direct
laryngoscopy for removal of a benign anterior commissive lesion, the patient may
or may not come back to you. It could be your own case or it could be from
another laryngologist and the patient presents himself with a web, with a worse
voice than that he started out with. There should be something that one might do
to prevent such a web formation and I feel that the way to do this is to observe
your patient early after a direct laryngoscopy and if healing is satisfactory, leave the
patient alone. If there is any question about possible web formation, it is necessary
to keep those areas separated or else the patient will develop a web and then you
will really be in trouble.



THE USE OF DOUBLE TRANSVERSE INCISIONS
IN MAJOR HEAD AND NECK SURGERY

J. R. CHANDLER, M.D.
VirciL A. Ponzori, M.D.

(by invitation)

Miami, Fra.

While no one incision is suitable for all types of major head and
neck surgery,' the incision used must fulfill several criteria. Ade-
quate exposure must be provided in order to permit visualization of
all vital structures and to allow adequate resection of involved tis-
sues. They should be planned in order to allow any necessary shifts
of skin and other structures for closure and primary reconstruction
procedures when some skin must be sacrificed or used for mucosal
surfacing. Maximal blood supply to all flaps should be preserved
in order to minimize the likelihood of flap necrosis. They should be
arranged in an optimal fashion in order to provide maximal protec-
tion to the underlying vital structures, viz., the carotid artery, its
bifurcation, the internal carotid artery and the external carotid
artery and all of its major branches. Possible linear scar contractures
should not interfere with motion of the head and neck; and finally,
they must be cosmetically acceptable.

With the increasing use of pre-operative radiation therapy,
either as a planned combined procedure or as frequently occurs in
many patients in whom salvage is attempted following radiation
failure, avoidance of flap necrosis and maximal protection for the
carotid artery and its branches has assumed great importance.®

For more than 12 years we have found that the modified “Y”
type incision with a serpentine vertical limb as described by Fraser®

From the Division of Otolaryngology, Department of Surgery, University of Mi-
ami School of Medicine, Miami, Florida.
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Fig. 1.—Fraser incision. The serpentine curve of the vertical incision min-
imizes unsightly and disabling linear scar contractures.

has proven very satisfactory (Fig. 1). The extension of the inferior
limb for several centimeters below the midpoint of the clavicle pro-
vides excellent exposure to the posterior triangle and good access to
the opposite side of the neck as necessary for a composite wide field
laryngectomy. With increasing amounts of planned radiation ther-
apy being given even to those patients in whom primary reliance is
placed upon surgical excision, the increased incidence of postoper-
ative complications has been evident (Fig. 2). Because of several
instances of carotid artery exposure, necrosis, rupture, hemorrhage
and exsanguination, the use of pedicled muscle flaps, dermal grafts,
lateral displacement of the carotid artery, and more recently, fascia
lata grafts have been used. In spite of this, flap necroses, secondary
breakdown of tissues, infection, and dissolution of tissue, particu-
larly with infection due to Pseudomonas aeruginosa, have resulted
in increasing concern for protection of the carotid artery and the
exploration of all possible avenues to decrease this formidable haz-
ard. A vertical midline incision has been strongly advocated for a
variety of good reasons* but seems contraindicated on the basis of
probable very limited exposure to the lateral areas of the neck and
because of the almost inevitable objectionable scar contracture.

While the use of parallel transverse incisions for neck dissection
was originally proposed solely for its cosmetic advantages it was
noted that better wound healing was also a feature.” More recently
they have been used in a small series of previously irradiated pa-
tients in order to avoid the complications noted above.®
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Fig. 2.—This patient received 6000 rads prior to a composite neck and
jaw resection. A Fraser incision was utilized. Flap necrosis, infection and scar
contraction resulted in this cosmetically objectionable and functionally dis-
abling result. :

It was decided that the double transverse neck incisions should
be used in a series of selected patients in order to evaluate its pos-
sible advantages and disadvantages. In a 15 month period from
October, 1967 to January, 1969, the double transverse incisions were
used for a selected series of patients requiring radical neck dissec-
tions, either alone or in combination with a laryngectomy or other
composite resection of various primary lesions. A total of 31 such
patients operated upon on the private and staff services at Jackson
Memorial Hospital and the Veterans Administration Hospital in
Miami are included in this study. In addition, double transverse
incisions were used for a variety of other procedures including three
laryngectomies and two laryngectomies with bilateral neck dissec-
tions. These latter cases are not included in this report. In order
to make some valid judgment as to the advantages and disadvan-
tages of the double transverse incisions, a number of parameters
were analyzed by comparing them with an unselected group of 31
similar patients operated upon in the period just prior to the study.
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Fig. 3.—Double transverse incision. Dotted lines show optional extension
through the upper lip or into the suprasternal notch.

PROCEDURE

The arrangement of the incisions and operative technique was
essentially the same for all of the patients in this group. The upper
incision passes two cms beneath and parallel to the mandible from
the midpoint of the chin to the mastoid tip. In composite resections
of the mandible and other intraoral structures, it may be carried
through the lower lip if desired. The lower incision is shorter and
is approximately eight cms long. It is placed so that it is two cms
above and parallel to the clavicle beginning about one cm anterior
to the trapezius muscle and extending to just above the head of the
clavicle anteriorly. In composite resections which include the larynx,
the inferior incision extends into the suprasternal notch where an
ellipse of skin is removed for the stoma. Superior and inferior skin
flaps are elevated and the bipedicled central skin flap including
platysma muscle is also developed from the trapezius muscle to
the strap muscles or even well beyond them for a laryngectomy

(Fig. 3).

Dissection begins uniformly in the posterior triangle at the level
of the clavicle and the entire posterior triangle and lower portion of
the anterior triangle dissected up to well beneath the bipedicled skin
flap. The contents of the neck, including the larynx in appropriate
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Fig. 4.—The completed dissection with suction tubes in place. The pa-
tient’s chin is to the left and at the top of the picture.

instances, are then passed beneath the bipedicled skin flap and
brought into the upper skin incision. Following this, the operative
procedure is then completed, and includes in all instances dissection
of the submental triangle as well as the inferior portion of the par-
otid gland and the entire contents of the submaxillary triangle
(Fig. 4).

It should be noted that as originally described by MacFee, the
“neck dissection” did not include the internal jugular vein or the
sternocleidomastoid muscle.?

CASE MATERIAL

It can be seen that the two groups are quite comparable in most
respects (Table I). The various surgical procedures performed in
the two groups are also quite similar (Table IT). While a consider-
ation of the possible advantages of combined irradiation and surgery
in the control of certain malignant neoplasms of the head and neck
is not the subject of this report, the relationship of pre-operative
radiation therapy to the frequency and severity of postoperative
complications requires that this factor be considered. In the study
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TABLE 1
CASE MATERIAL

Average Site of Primary
Age Color Sex Lesion
Study Group 60 29 White 24 Male Larynx 14
N=31 2 Black 7 Female Tongue 2
Tonsil 3
Pharynx 7
Other 6
Control Group 57 29 White 22 Male Larynx 13
N=31 2 Black 9 Female Tongue 5
Tonsil 3
Pharynx 4
Other 6
TABLE 1I

SURGICAL PROCEDURES PERFORMED

Radical Neck  Radical Neck Dissection  Radical Neck Dissection

Dissection And Total And Other
Only Laryngectomy Composite Resections
Study Group 9/31=29% 14 /31=45% 8/31=26%
N=3l1
Control Group 8/31=26% 17 /31=55% 6/31=19%
—31
TABLE III

PATIENTS RECEIVING PRIOR IRRADIATION THERAPY

Planned Combined  Planned Combined

Low Dose High Dose Curative None
(less than (more than (more than
3500 Rads) 4000 Rads) 5000 Rads)
Study Group 6/31=19% 9/31=29% 13/31=42% 3/31=10%
N=381
Control Group 4/31=13% 6/31=19% 14/31=45% 7/31=23%

group only three patients had not received pre-operative radiation
therapy (Table IIT). This contrasts significantly with the control
group, operated upon in the period immediately preceding this
study, and which contained seven patients who had received no
radiation therapy. While a controlled study to evaluate the effect
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of pre-operative administration of low as compared to high doses of
ionizing radiation in the control of the primary lesion is underway
in this institution, there was consderable variation in the number
of rads given to patients prior to surgery. It can be seen that the
majority of patients operated upon were treated with radiation
therapy for cure and were operated upon for their residual primary
lesion or metastases in an attempt at salvage. A lesser number of
patients received either low doses varying from a minimum of 2000
rads to 3500 rads or a high dose amounting to more than 4000 rads
up to as much as 6000 rads in some instances. The former group of
patients were operated upon one to two weeks following completion
of therapy while the latter group were operated upon four to six
weeks later. Those having received “curative” amounts were, of
course, operated upon at varying intervals following completion of
their therapy.

Some attempt was made to quantify the anticipated slightly
increased difficulty in elevating the flaps and securing exposure by
evaluating the time required for surgery in the two groups. A pos-
sible influence on the amount of blood loss was also made by com-
paring the amounts of blood replaced in the operating room. It had
been our initial impression during the course of this study that there
was increased difficulty in elevating the middle flap to its proper
level and extent in order to secure adequate exposure. It was also
our feeling that even with proper preparation of the flaps that the
exposure in certain areas was somewhat less than optimum. This
was particularly true beneath the anterior and posterior aspects of
the middle flap and in conducting the dissection of the opposite side
of the larynx. In some individuals with long necks, even though
thin, the increased width of the flap was annoying. On occasions,
the control of irksome bleeding from the undersurface of the middle
flap was difficult, whether at its midpoint or its lateral or medial
extent. It was further felt that unwise and too extensive retraction
on the ends of the bipedicled middle flap with retractors or particu-
larly with Penrose drains or gauze sponges, in some instances may
have resulted in some trauma to the flap. As a general rule, patients
with thin necks were relatively easy to operate upon even though
the bipedicled flap was a bit wider. Thick and short necked men
were somewhat more easy to operate upon in this regard because of
better exposure and a more narrow middle flap.

In all instances the ratio of length to width of less than 1.5 to 1
for the bipedicled central flap resulted in a strong highly vascular
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TABLE IV

AVERAGE OPERATING TIME AND BLOOD REPLACEMENT

Hours Units of Blood
Operating Administered in
Time Operating Room
Study Group RND Only 4.8 3.0
IN=3l RND & Laryngectomy 7.6 4.0
RND & Other Com-
posite Resection Tl 3.7
Control Group RND Only 54 0T
N-==31 RND & Laryngectomy STl 5.6
RND & Other Com-
posite Resection Tl 6.2

integumentary covering for mucosal suture lines and the carotid
artery.

Two relatively short transverse incisions provided excellent
access to the larynx for isolated laryngectomies and healed rapidly
and well in the three cases in which it was employed. The lower
incision is directly through the site of the future stoma and the
shorter superior incision is at the level of the hyoid bone. Such
incisions are easily adaptable to the subsequent use of double trans-
verse lateral neck incisions in the event that later neck dissection is
necessary.

In each instance of simultaneous bilateral neck dissection and
laryngectomy, there was extensive necrosis of skin and subcutaneous
tissues in the midline. Though both patients had received previous
radiation therapy, it seemed that the length of the flap from trape-
zius to trapezius and mastoid to mastoid across the midline, does
not provide sufficient blood supply to maintain the integrity of its
central portion. Split thickness skin grafts were necessary for final
healing in each patient. For such cases, the wide superiorly based
apron flap seems much more practical. Such an incision extends
from mastoid to mastoid, curving inferiorly in a wide U to the level
of the stoma. This flap provides excellent exposure and has great
vitality.”

It was found that there was no significant difference in the
operating time nor in the amount of blood replaced during surgery
(Table IV); in fact, it seemed that contrary to our expectations, the



76 CHANDLER-PONZOLI

TABLE V
POSTOPERATIVE COMPLICATIONS

Carotid
Wound Artery
Infection Dehiscence Fistula Hemorrhage Mortality
Study Group 9/81=29% 9/31=29% 12/31=38% 1/3=38% 4+ 3—9%
N=31 12 /22 Composite
=55%
Control Group 13/31=42% 12/31=38% 12/31=38% 1/31=3% 2=6%
12 /24 Composite
=50%

operating time and blood replacement was slightly less in the study
group. Thus, our observations seem to be at variance with those of
MacFee, who feels that “performance of neck dissection through
transverse incisions is more difficult.”®

RESULTS AND DISCUSSION

The five postoperative complications with which we are con-
cerned are tabulated in Table V. While it was difficult to separate
in most instances wound infections from wound dehiscences and
some subsequent fistula formations, an attempt was made to do so.
For a period of approximately nine months during this evaluation,
a concurrent study was in progress which dealt with the usefulness
of pre- and postoperative antibiotic therapy with intensive intra-
venous antibiotic therapy being given in the operating room as com-
pared to no postoperative antibiotic therapy. It was found that the
incidence of infection in the latter group was significantly higher
so that this study was discontinued. It was our feeling that this
possibly accounted for the significant difference in wound infections
in the two groups. There were wound infections in 42 percent of
the control group, which included the antibiotic period alluded to as
compared to a significantly lower rate of wound infection of 29 per-
cent in the study group. It was not felt that the incisions themselves
were responsible for the decrease of the wound infection rate. There
were less wound disruptions in the study group with only nine of 31
patients developing any degree of wound dehiscence. In the control
group, which included those not receiving antibiotics in the post-
operative period in some instances, the wound dehiscence rate was
38 percent. It is difficult to be certain about this point, but it is our
impression that the double transverse incisions do tend to insure
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the integrity of the skin flaps better than other incisions previously
employed.

In the study group, 12 of 22 patients in whom a composite
resection was carried out, developed fistulas of varying size. This
compared to 12 of 24 patients undergoing composite resections in
the control group. It can be seen that these are approximately the
same. In the patients with double transverse incisions, evidence of
beginning fistula formation made itself known with the usual signs
of fever and some redness or tenderness along either the upper or
lower incision, or occasionally beneath the central portion of the
bipedicled flap. Such signs call for the removal of several sutures
and the establishment of immediate drainage. In several instances,
adequate drainage was established through the upper incision. In
most instances, the medial aspect of the bipedicled flap became
elevated by saliva and infected material which dissected its way
beneath the flap so that drainage was required through the inferior
incision. Following this, the upper incision usually healed quite
promptly, except in those patients with loss of tissue and permanent
fistula formation. Counter drainage, which may be established
through a stab wound, may avoid this problem. In one patient, who
received only 2000 rads of ortho-voltage radiation, Pseudomonas
infection resulted in a very rapid sloughing of most of the central
portion of the bipedicled flap and exposure of the carotid artery. A
large fistula resulted, though with intensive nursing care and local
attention, the carotid artery which had been otherwise unprotected,
granulated over. This patient is undergoing reconstructive surgery
at the present time. It was also felt this patient’s crippling emphy-
sema and marked tissue hypoxia contributed to his skin necrosis,
infection and persistent large fistula.

One patient in each group developed bleeding from the carotid
artery. Both patients had the common carotid artery and its bifurca-
tion protected with a large cuff of levator scapulae muscle. In each
instance, infection of the wound occurred and necrosis of the over-
lying muscle and carotid artery were found at autopsy. The patient
in the study group survived with ligation of the common carotid
artery at which time it was found that the muscle had become
necrotic along with a small pinpoint area of the internal carotid
artery just above the bifurcation. In the control group, one woman
developed infection and fistula formation with exposed necrotic
muscle overlying the carotid bulb and just as preparations were
being made to debride the area, and probably ligate the artery,
she expired with massive bleeding from rupture of the artery. After
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Fig. 5.—One year following second neck dissection. A right neck dissec-
tion and laryngectomy following 6000 rads radiation therapy had been per-
formed three months earlier. Note short previously thick neck and near absence
of visible scars.

these two incidents, which followed closely, we abandoned the use
of the levator muscle protective cuff, evaluated the dermal graft
briefly and are now using tascia lata grafts in all patients requiring
composite resections who have received previous radiation therapy.

Three patients in the study group died as a result of their
surgery. One weman died seven days following radical neck dissec-
tion and composite resection of a large infiltrative alveolar ridge
tumor requiring mandibular resection and a large forehead flap.
Post mortem examination failed to reveal any definite cause of
death and it was telt that she died as a result of a probable myo-
cardial arrhythmia.

Another patient in the study group died one month following
surgery as a result of pneumonia and respiratory failure. This
patient was operated upon for residual metastatic disease in his neck
with a hypopharyngeal primary lesion apparently controlled by
radiation therapy. At the time of surgery, extensive infiltrative neo-
plastic disease was found in his neck and the vagus and phrenic
nerves were sacrificed. Marginal pulmonary reserve and this addi-
tional handicap resulted in his demise.
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Fig. 6.—One year following salvage surgery for a large residual lesion of
the lower alveolus and buccal mucosa. A large area of cheek skin was also
sacrificed in a through-and-through excision of the primary lesion.

Another 56-year-old man in the study group expired two days
following surgery as a result of probable anoxia and myocardial
arrhythmia secondary to severe emphysema and decreased pulmon-
ary ventilation. This patient also had extensive residual metastatic
disease in his neck following radiation therapy for a pyriform sinus
primary. Unresectable tumor was found, although during the at-
tempted resection, the vagus and phrenic nerves were likewise
resected and this was felt to contribute to his death. In none of these
three patients was there any infection, dehiscence, fistula formation
or other local complication at the time of death. On the other hand,
the two deaths in the control group were a direct result of complica-
tions in the neck. One of these patients expired as the result of
bleeding from the carotid artery as described above and another
died from bleeding from the superior thyroid artery one month after
a composite resection, extensive wound infection, necrosis and a
large fistula formation.

This suggests that two of 31 patients in the control group died
directly as a result of local complications secondary to the surgical
procedure, while none of the three deaths in the study group could
be attributed to such causes.
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With the exceptions noted above, the cosmetic appearance of
the neck was vastly superior in all instances (Figs. 5 and 6). Late
contracture of the denervated platysma muscle occurred in some
instances but seemed to be less than with conventional incisions.
No limitation of motion of the neck as a result of scar contracture
was noted.

CONCLUSIONS AND SUMMARY

The use of double transverse incisions for radical neck dissec-
tions alone and with a variety of composite resections has been eval-
uated in a selected group of 31 patients. While this is a small series,
it has been compared to a similar group of unselected consecutive
patients, and its use, advantages and disadvantages discussed.

The double transverse incision lends itself well to most exten-
sive surgical procedures requiring radical neck dissections with or
without resection of the primary lesion.

It is not applicable to those patients requiring a simultaneous
bilateral neck dissection nor in those with large metastatic deposits
in the upper posterior triangle of the neck.

It does seem to offer some security to the carotid artery though
other additional means for its protection in previously irradiated
patients seems indicated and is recommended in composite resec-
tions.

While dissection beneath the bipedicled flap is a bit more
tedious and the control of some bleeding annoying, exposure is ade-
quate and sufficient and closure is facilitated.

The cosmetic and functional results of this incision are superior
to all others.

Univ. oF MiamMmi ScuooL oF MEpicINE, Miamr, Fra. 33136
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DISCUSSION

Joun F. DaLy, M.D.: I have had the opportunity of observing Dr. William Mc
Fee develop this approach for neck dissections at the Manhattan V.A. Hospital
where he has been Chief of Surgery for the past ten years. This approach was
worked out by the group who worked under Dr. Simkin at the New York Skin and
Cancer Hospital in the early twenties. It is an old technique and its modern version
lends itself very well to the use of the Bakamijian flap, i.e., the delto-pectoral flap
for the reconstruction of the pharynx. The Bakamjian delto-pectoral flap is an
inverted tube flap with the epithelium turned in on itself to form the lining of the
tube. The tube is then slipped under the transverse flap through the lower incision
of the double transverse incisions and brought into place in the pharynx and sutured
to the upper end. The flap can be brought up as high as the nasopharynx which
gives the surgeon great latitude in resecting the pharynx.

The transverse flap between the two incisions acts to cover and support the
inverted tube flap.

Dr. McFee’s approach to a neck dissection was designed not only for better
cosmetic results, but also to conserve such structures as the sterno-mastoid, the
jugular vein and the accessory nerve. I realize that there is a definite difference
of opinion as to whether one should preserve these structures. Dr. McFee’s results
were good. The flap is a very useful one.

TraoMas C. Garroway, M.D.: I would like to know why a double flap? Why
not three or four? When treating a large bronchial cyst, this gives a most desirable
cosmetic effect.

Dr. CuanprLER (closing): Dr. Daly pointed out one important use for the
double transverse incision is with the Bakamjian flap.

Some little practice with the technique of a formal radical neck dissection
through this type of incision, I think, is helpful to someone attempting the Bakamiian
flap for the first time. It does introduce some technical problems. Residents don’t
like to use it for the first several times because it does not offer the exposure that
the traditional Fraser or the other classic incisions do.

In answer to the other question about the multiple incisions, we evaluated the
double transverse incision primarily from a protective standpoint. We wanted a
strong covering for the carotid artery. That was our objective and I think if we had
more incision lines we would obviate that great advantage.

I can’t emphasize too much that I wouldn’t depend entirely upon the transverse
skin incision, although it certainly is nice to cover up the carotid artery. Even when
a fistula is present at least the carotid artery is covered with the strong, vital flap
and healing is much more prompt than when the vertical line breaks open and
exposes the carotid artery. Certainly one feels a good deal more comfortable not
looking at the carotid artery every day as the dressing is changed.
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A Zenker’s diverticulum is a well known and well documented
clinical entity. Many forms of therapy have been described; one
type of surgical treatment, the endoscopic diverticulotomy, with an
evaluation of over 100 cases reported by Dohlman,* and the report
of a smaller series by Holinger and Johnston in 1962,* has invariably
led to controversy. A re-evaluation of this and other procedmes in
our total experience of 217 cases is presented herein.

SYMPTOMS AND FINDINGS

In this series there were 146 males and 71 females, the youngest
being 34 years of age, the oldest 91. There were seven in the 30 to
40 year age group, 30 between 40 and 50 years of age, 43 between
50 and 60 years, 69 between 60 and 70 years, 49 between 70 and 80,
17 between 80 and 90 and two over 90 years of age. There was no
essential difference in age distribution between men and women
(Table I).

From the Department of Otolaryngology, University of Illinois College of Medi-
cine, and Presbyterian-St. Luke’s Hospital, Chicago.
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TABLE 1

AGE DISTRIBUTION
Males 146, Females 71

Decade Number
30 -40 7
40 - 50 30
50 - 60 43
60 -70 69
70 - 80 49
80 - 90 17
Over 90 9

The patient complaints referable to a Zenker’s diverticulum
were described as 1) a choking sensation associated with food stick-
ing in the throat, 2) difficulty in swallowing, noisy swallowing or
gurgling on swallowing, 3) hoarseness, 4) lodgement of food and
subsequent regurgitation particularly at night, 5) “throaty saliva,”
a feeling of something left over after swallowing, 6) a constant
desire to clear the throat, and 7) coughing spells. Occasionally
patients gave a history of repeated foreign body episodes with a
final episode of a large bolus of meat or a bone that could not be
dislodged and required endoscopic removal. A significant loss of
weight of as much as 35 lbs was noted in 42 cases or approximately
20 percent of patients.

Examination of the neck by palpation sometimes disclosed a
smooth, soft swelling under the left sternomastoid muscle, close to
the midline, which on pressure gave rise to a bubbling sensation,
followed by an immediate cough. On mirror examination of the
larynx, the pyriform sinuses were usually filled with frothy saliva
which, particularly in the older patients, flowed back and forth over
the posterior commissure and arytenoids.

The lateral x-ray of the neck sometimes demonstrated an air
pocket behind and below the level of the larynx, often with a fluid
level (Fig. 1). The barium contrast film was classic with the round,
smooth mass of varying size from a tiny protrusion posteriorly from
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Fig. 1.—Fluid level in an air pocket in the retrotracheal area which proved
to be a Zenker’s diverticulum.

the hypopharynx just above the cricopharyngeus, to a pouch of 5 or
6 cm across and as much as 7 to 8 cm deep, with its upper border
having a typical fluid level. In the largest sacs, an indentation pro-
duced by the aortic arch was evident. In one of the patients in this
series, a midline raphe appeared to divide the sac. Esophagoscopy
was only needed occasionally to confirm the diagnosis since the
x-rays, showing the barium with its straight upper border and round
lower contour at the level of the clavicle or just below it, were
pathognomonic. However, a tight benign or malignant stricture of
the cervical esophagus may, on rare occasions, simulate a Zenker’s
diverticulum. If the patient had had hemoptysis, a complicating
carcinoma was considered in association with the diverticulum, and
esophagoscopy was indicated.

It is of interest that in 17 cases or eight percent of the series,
other esophageal disease than the Zenker’s diverticulum was found.
There were seven with hiatal hernias, three with traction diverticula
in addition to the pulsion diverticulum, two with esophageal varices,
two with achalasia and one with a Dysphagia Lusoria. Two patients
had carcinoma of the esophagus in addition to their Zenker’s diver-
ticula. Sixteen of the patients had had one previous operation else-
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TABLE II
THERAPY
Esophagoscopy only 18
2 stage diverticulectomy )
Inversion and suspension 13
Single stage diverticulectomy 108
Diverticulotomy 87
Surgery contraindicated
or died before surgery 11
Refused surgery 28

217

where for their diverticula, three had had two previous operations
and two had had three previous operations.

Pre-operatively, pathologic starvation was noted in extreme
cases. Loss of weight up to 35 Ibs, general debility and dehydration
constituted the findings caused by inability to swallow solid and
liquid food. In two of the patients, one 78 and one 91 years of age,
in whom no surgery for the diverticulum was attempted, the pa-
tients’ terminal condition when first seen was due to severe esophag-
eal obstruction, and they died in spite of supportive measures. In
two, only a gastrostomy was performed in hopes of preparing them
for a diverticulectomy, but they did not respond sufficiently to
accomplish this corrective procedure. Four patients had putrid lung
abscesses due to aspiration of food and fluid, of whom one died
before definitive treatment of the diverticulum could be done. A
number had suppurative bronchitis, bronchiectasis, aspiration pneu-
monia and cardiac decompensation, requiring extensive medical
management prior to the diverticulum operation. Six of these were
considered incapable of withstanding surgery. In 12 cases, foreign
bodies such as meat, bones, grapes, pins or a tooth pick became
lodged in the sac and, following removal, studies led to the estab-
lishment of the diagnosis of the diverticulum; in two, the presence
of the diverticulum had been known prior to the foreign body inci-
dent.

PROCEDURE

The management of a Zenker’s diverticulum is surgical. How-
ever, of our own series of 217 patients, surgery was contraindicated
in 11, and 28, or 12.9 percent refused surgery or were seen in consul-
tation only (Table II). In 18 patients the only operative procedure
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consisted of an esophagoscopy. This was admittedly not a definitive
corrective procedure, except in six patients who had developed
varying degrees of postoperative stenosis of the cervical esophagus
following diverticulectomy elsewhere, requiring esophagoscopic
dilatation of the stenosis, and in one patient who was referred
because of a complete esophageal atresia following a diverticulec-
tomy. Of the remaining 11 patients the esophagoscopy was done in
six for the removal of foreign bodies lodged in the sac, some of
whom subsequently had a more definitive operation elsewhere, and
five who simply refused further surgery on being assured their dys-
phagia was not due to a malignancy.

METHOD

Probably the most conservative of the multiple types of surgical procedures is
the inversion and suspension of the sac. This was done in 13, or 6.4 percent of the
patients. When done with esophagoscopic assistance, the procedure was as follows:
Under endotracheal anesthesia an incision was made anterior or posterior to the sterno-
mastoid muscle to expose the esophagus, and the sac was identified by inserting an
esophagoscope into it. After the sac was isolated and freed of adherent fibrous tissue,
it was implanted into the wound, high up on the outer edge of the sternomastoid
muscle, and the neck was closed with a soft rubber drain left in place.

A two stage operation, strongly advocated by Lahey,3 was used only twice in this
series. It consisted of resection of the sac 14 days following the identification and
inversion, as described above, which constituted the first stage; after two weeks it was
considered that the mediastinum would be sealed off. After the neck of the sac was
again exposed, a forceps was placed across its esophageal mouth, and the sac was in-
cised proximal to the forceps, suturing the esophageal wall with fine interrupted silk
sutures.

A single stage diverticulectomy with esophagoscopic assistance was the operation
most frequently used in this series and was performed on 108, or 50 percent of the
patients. The technique was as follows: General anesthesia was most satisfactory since
the procedure might be prolonged and the position to be maintained was uncomfort-
able for the patient. Intratracheal intubation insured an adequate airway whether or
not the esophagoscope was used to assist in locating the sac in the retroesophageal
space or to prevent stricture formation through too tight a closure of the esophagus.
The choice of anesthetic agents depended upon individual preference, with nitrous
oxide or pentathol and a muscle relaxant most commonly used. Since the sac lies to
the left of the midline in almost every case, the incision was usually made on the left
side along either the anterior or posterior border of the sternomastoid muscle from the
level of the superior border of the thyroid cartilage to the insertion of the sternomas-
toid muscle. The platysma was cut and the anterior border of the sternomastoid
muscle retracted laterally or medially to reveal the omohyoid muscle. This muscle
may be divided at the tendon between the anterior and posterior bellies or, if the
incision was made along the posterior border of the sternomastoid muscle, retracted
medially to elevate the thyroid gland and the vessels leading to it. If the incision was
made along the anterior border of the sternomastoid muscle, the lateral veins of the
thyroid gland were ligated and the gland retracted medially to expose the inferior
thyroid artery which, if necessary, may be double ligated and cut. Retraction now of
the sternomastoid muscle and the contents of the carotid sheath laterally, and the
thyroid gland and sternothyroid muscle medially, exposed the site of the diverticulum.
The more direct approach along the posterior border of the sternomastoid muscle has
been favored by some otolaryngologists for years and was again described by Cornell
and Swan.* At this point the surgeon may be assisted in locating the sac by the inser-
tion of an esophagoscope directly into the sac. The esophagoscopist can direct the sac
laterally and bring it into the surgical field, demonstrating its distal extent as well as
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Fig. 2.—The cricopharyngeus as it is engaged in the slot of a Dohlman
endoscope.

the neck at its attachment to the esophagus. The neck lies at the level of the cricoid
cartilage and the sac can be seen descending posterior to the esophagus. The esophag-
oscope may be passed over a previously swallowed thread so that after the sac is iden-
tified, isolated and freed of its attaching fibrous tissues, the esophagoscope may be
removed from the sac and more easily advanced into the subdiverticular esophagus if
the string guide is firmly enough anchored in the intestine that tension can be applied
to it.

Isolation of the sac and freeing it of the fibrous tissue strands that often cause
it to adhere to the posterior wall of the esophagus is one of the most important steps
of the operation. Every effort must be made to avoid tearing the sac, and yet the
dissection must be carried up to the mucosal neck of the sac. The sac is resected from
the esophagus, in the manner described for the second stage of the two stage opera-
tion, by placing a forceps on the edge of the neck and incising proximal to the forceps,
suturing the esophageal wall with through-and-through fine silk interrupted sutures as
the excision proceeds. Excision of the sac must be complete so that no pouch will be
left to initiate the development of a recurrence; but excision must not narrow the
esophageal lumen.5 A second row of sutures may cover the first; with the esophag-
oscope in the esophagus it is impossible to make a closure which will constrict the
esophagus. However, this complication must be borne in mind and prevented by
bringing together only the edges of the cricopharyngeal and esophageal muscle fibers
in the second suture line.

After resection of the sac the esophagoscopist inserts a feeding tube into the
esophagus and removes the esophagoscope. The wound is closed leaving a soft rubber
drain in place for three or four days, avoiding contact of the drain with the suture
line. Feedings are continued by tube for one week and then the patient is given sips
of liquids. After three days mechanically soft foods may be added, and only after a
number of weeks is solid food permitted.

In 1958, Dohlman! re-described an endoscopic method of treating pulsion diver-
ticula, whereby the cricopharyngeus muscle was cauterized and divided in the midline
through a specially designed speculum. In nearly 100 of his cases operated by this
method, no deaths occurred and no severe complications were encountered. Recur-
rence rate or the radiologic demonstration of a residual sac is comparatively high, but
the ease of re-operation endoscopically is in sharp contrast to the difficulty of a second
external approach through the scar of a previous diverticulectomy. The design of the
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endoscope allows easy insertion; an anterior lip lifts the larynx and passes into the
esophagus and a posterior beak slides into the sac bringing the cricopharyngeus
muscle clearly into view across the central portion of the visual field (Fig. 2). The
endoscope is inserted under general anesthesia with the airway maintained with an
intratracheal tube. An alligator forceps with a sufficiently insulated shaft is passed
through the endoscope, and the dividing wall, the cricopharyngeus, is grasped firmly
between the blades in the midline for a distance of 2.5 to 3 cm. The active pole of
a cautery current is attached to a post on the forceps and the indifferent pole is
attached to a similar post on the handle of the endoscope. A strong coagulating cur-
rent is applied until the tissue in the grasp is visibly cauterized. The forceps is then
removed and a small spoon-like protecting insulator is inserted into the sac behind
the dessicated tissue. Under direct vision, the cauterized portion of the pouch is then
incised from anterior to posterior with a cutting blade using a mixed cutting and
coagulating current. The blade cuts against the protecting insulator, dividing the
partially coagulated cricopharyngeus in the midline. Bleeding at the cut ends of the
tissue is minimal and is easily controlled by gelfoam which may be placed in the
edges of the severed cricopharyngeus to complete the operation. The patient is main-
tained on intravenous fluids for 48 hours and if no residual discomfort is noted at that
time, clear liquids are allowed by mouth. In 24 hours the diet is increased to include
mechanically soft foods for another 48 hours, after which time a modified soft diet is
permitted as tolerated. The patient is usually ready to leave the hospital swallowing
easily and without discomfort on the fifth to seventh postoperative day. A general
diet is permitted two weeks after the operation.6

In this comprehensive series, 37 patients or 17 percent were operated using
the Dohlman technique.

POSTOPERATIVE COMPLICATIONS

The complication most feared in the surgical management of
the Zenker’s diverticulum is mediastinitis due to leakage. Meticu-
lous care in avoiding spillage, accuracy in regard to suture place-
ment, and adequate drainage are the points of importance in avoid-
ing this complication. Should mediastinitis develop following either
the external or endoscopic operation, prompt and thorough drainage
is indicated. Four patients operated elsewhere were admitted with
mediastinitis following perforation of the sac during an attempted
esophagoscopy; in addition, two were seen with mediastinitis and
esophagocutaneous fistula apparently due to leakage of an attempted
diverticulectomy. All but one recovered, although the postopera-
tive hospitalization of each was long and required repeated cervical
or thoracic surgical procedures in addition to a gastrostomy.

Two patients developed a mediastinitis following diverticulot-
omies, one following a vomiting episode the evening of the opera-
tion, and the second in whom the cautery was admittedly extended
too deeply; both recovered following immediate external medias-
tinal drainage and subsequent diverticulectomy. A third developed
a mediastinitis due to rough, inaccurate intubation for anesthesia
which was recognized by intrapharyngeal bleeding and cervical
emphysema before the speculum was inserted; a mediastinotomy
was performed at once to provide adequate drainage. The divertic-
ulum was subsequently inverted and suspended two months later.
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Left recurrent laryngeal nerve paralysis occurred in six divertic-
ulectomies with spontaneous recovery in three. In two additional
cases paralysis had been present following a previous diverticulec-
tomy.

The development of an esophageal stenosis following diverticu-
lectomy occurs not infrequently because of attempts to suture the
opening at the neck of the sac in several layers. As mentioned
above, this complication can be avoided if the suturing is done with
an esophagoscope in the esophagus. In the six patients in whom
strictures had occurred elsewhere, dysphagia was moderate or se-
vere, and postoperative x-ray studies indicated the nature of the
complication. Esophagoscopic or retrograde dilatations became nec-
essary and were repeated until a normal lumen was re-established.
In four patients in this series, one to three dilatations were necessary
because of demonstrable stenosis.

There were nine deaths associated with the diverticula in this
series; five patients described above had had no surgical corrective
procedules other than palliative gastrostomies in two; three of the
108 died following diverticulectomies, one postoperatlvely due to
congestive heart failure, diabetes and uremia, one of bronchopneu-
monia and pulmonary emboli, and one of extensive gastrointestinal
bleeding from gastric and esophageal ulcers; and one of the six with
mediastinitis following perforation elsewhere during attempted re-
moval of a foreign body in the presence of an unknown Zenker’s
diverticulum.

Recurrences. As mentioned above, 21 of the patients in this
series had had one or more previous operations elsewhere for Zen-
ker’s diverticula. Nineteen of our own patients developed recur-
rences which first became apparent as long as 26 years later. The
recurrence rate, or more appropriately the demonstration of a resid-
ual sac, was highest following the endoscopic diverticulotomy. But
it must be pointed out that while patients with these residual por-
tions of the sac following the endoscopic diverticulotomy experience
hesitation in swallowing some types of food, the sac does not become
large enough to obstruct swallowing. Furthermore, it no longer
overflows into the larynx and trachea but empties easily into the
esophagus during a second swallow.

SUMMARY AND CONCLUSIONS

In a series of 217 patients with Zenker's (hypopharyngeal)
diverticulum, there were 146 males and 71 females ranging in age
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from 34 to 91 years of age with the largest number in the 60 to 70
year age group. The most serious associated findings were esophag-
eal obstruction, foreign bodies, loss of weight and the bronchopul-
monary pathology of aspiration, such as pneumonia and lung abscess
due to overflow. The diagnosis was readily established by the esoph-
agram. However, failure to demonstrate the sac, prior to attempted
foreign body removal or leakage from incomplete diverticulectomy
elsewhere, had resulted in the severe complications of mediastinitis
and esophagocutaneous or esophagopleural fistula in six patients,
one of whom died. They were first seen for management of medias-
tinitis, and the diverticula were demonstrated on subsequent study.
Seventeen had other esophageal pathology in addition to the Zen-
ker’s diverticulum.

It is accepted that management of a Zenker’s diverticulum is
surgical; yet, of the 217 patients, surgery was contraindicated in 11
for medical reasons or they died of their disease before surgery
could be attempted. Twenty-eight procrastinated and postponed or
refused treatment. Twenty-one had had one to three operations
previously for their diverticula. A variety of surgical procedures
were used; in 18 patients the only operative procedure was esopha-
goscopy for various reasons: seven because postoperative stenosis or
atresia of the cervical esophagus, following diverticulectomy else-
where, required only esophagoscopy, and 11 refused further surgery
for the diverticula, six of whom had had foreign bodies lodged in
the sac.

Complications in association with this condition were numer-
ous. Three of the 108 diverticulectomies died following surgery, one
68, one 78 and one 84 years of age. Two of the diverticulotomies
developed mediastinitis, one following vomiting the evening of the
operative day, and one in whom the cautery admittedly extended
too deeply. Both recovered and later had diverticulectomies. Left
recurrent laryngeal nerve paralysis occurred in six patients, three
temporary and three permanent. Postoperative stenoses were seen
in four (in addition to the seven operated elsewhere). The four
of our own cases required one to three dilatations of the cervical
esophagus. Twenty-one patients, or 10 percent of the series, had
had one or more previous operations for their Zenker’s diverticulum,
and 19 of our own patients developed symptoms of recurrence in up
to 26 years. Recurrence rate was highest following diverticulotomy,
but the sac remained small, did not cause obstructive symptoms and
emptied readily without overflow into the larynx. For these reasons



ZENKER’S DIVERTICULUM 91

we now reserve the diverticulotomy for the older, severely debili-
tated patients and the more definitive diverticulectomy for younger
patients.

700 Norta MicHiGaN Ave., Cuicaco, IrLr. 60611
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