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MINUTES OF THE EXECUTIVE SESSIONS

FIRST SESSION — APRIL 10, 1983

The First Executive Session of the 104th Annual
Meeting was convened at 8 AM in the Grand
Ballroom of the Fairmont Hotel, M. Stuart Strong,
MD, Boston, presiding. The following candidates,
having been recommended for Fellowship by the
Council, were unanimously elected:

To Active Fellowship:

Jerome C. Goldstein, MD, Albany, New York
Gerald B. Healy, MD, Boston, Massachusetts
Julius N. Hicks, MD, Birmingham, Alabama
Geza J. Jako, MD, Melrose, Massachusetts
Michael Johns, MD, Charlottesville, Virginia
Roy B. Sessions, MD, Houston, Texas
Charles T. Yarington, Jr, MD, Seattle,
Washington

To Emeritus Fellowship:
Stanton A. Friedberg, MD, Chicago, Illinois
Robert B. Lewy, MD, Chicago, Illinois
William C. Thornell, MD, Cincinnati, Ohio
Russell I. Williams, MD, Cheyenne, Wyoming

Following their election the new Active Fellows
were introduced to the Association by their respec-
tive sponsors, presented with certificates of fel-
lowship and welcomed by President Strong. The
Emeritus members were all presented with a Cer-
tificate of Merit recognizing their many contribu-
tions to the Association.

The following Fellows were elected as members
of this year’s Nominating Committee:

Charles Norris, Chairman
Blair Fearon

Stanton Friedberg
Francis LeJeune

Burton Soboroff

Secretary Myers announced that the banquet
would be held at the Plimsoll Club beginning at
6:30 PM, that it would be black tie, and that
transportation would not be provided.

SECOND SESSION — APRIL 11, 1983

The Second Executive Session was opened by
President Strong at 8 AM and the report of the
Nominating Committee was received from the
Chairman, Dr Charles Norris. Those nominated to
next year’s Council were:
John Lewis
Gabriel Tucker
Loring Pratt
Eugene Myers
James Snow

John Kirchner
Harold Tabb

M. Stuart Strong
Roger Boles
Byron Bailey

The reports of the following officers and commit-
tees were submitted and duly accepted:

Report of the Secretary

Report of the Treasurer

Report of the Historian-Editor

Report of the Laryngeal Research Committee

The meeting was then adjourned until the end of
the Scientific Session.

At the close of the Scientific Session the Executive
Session was reconvened by President Strong. The
slate of officers for the Council was unanimously
approved by the membership. The Directors organ-
ized themselves for the year 1983-1984 as follows:

President: John Lewis, MD
Vice-President (President-Elect): Gabriel F.
Tucker, Jr, MD

Secretary: Eugene N. Myers, MD

Treasurer: Loring W. Pratt, MD

Historian-Editor: James B. Snow, Jr, MD

First Councilor — John A. Kirchner, MD

Second Councilor — Harold G. Tabb, MD

Third Councilor — M. Stuart Strong, MD

Councilors-at-Large: — Byron J. Bailey, MD
Roger Boles, MD

Following the organization of the Directors, out-
going President Strong thanked the Council and
Fellows for their support during his year and intro-
duced Dr John Lewis, who adjourned the meeting.
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REPORT OF THE SECRETARY,

The membership at the present time is 7 Honorary, 36
Emeritus, 94 Active, and 14 Corresponding, for a total of 151.

The banquet was held at the Plimsoll Club and seemed to be
quite successful. This year there was only one donation to the
Memorial Fund. We hope that additional donations will be made
in the future.

In conclusion I wish to thank President Strong and the other

members of the Council for their support during my first year as
Secretary. I also wanted to thank Dr William Trible and his secre-
tary, Miss Finneyfrock, for the tremendous wealth of information
and guidance with which they provided us during this organiza-
tional year.

Respectfully submitted,
Eugene N. Myers, MD
Secretary

REPORT OF THE HISTORIAN-EDITOR

As Historian, I have the sad duty to report the deaths of two
Emeritus Fellows. Frank Damron Lathrop (elected 1963) served
the Association as Secretary from 1968 to 1972, at which time he
was elected President, presiding at the 1973 meeting. In 1977 he
was elected to Emeritus Fellowship. He died November 14, 1982.
Julius Watkins McCall was elected an Active Fellow of this Asso-
ciation in 1952. He was elected First Vice-President in 1961 and
to Emeritus Fellowship in 1964. He died last winter.

As Editor, I can report that all papers presented were sub-
mitted on time and were in turn published by the Annals in the
July-August issue (with the exception of one paper which was
withdrawn during the editorial process). The papers published in
the Annals were then combined with the business portions of our
meeting and the Transactions reached the Fellowship just before
Christmas.

As we enter preparation for another volume, one change should
be noted in that the Annals has requested that papers presented be

subject to the usual review process. To this end, it was required by
the President in his acceptance of speakers that they have the
manuscripts in Dr McCabe’s hands by March 1, 1983. In spite of
the fact that this was a new procedure, over half the manuscripts
were indeed received by Dr McCabe last month. This has resulted
so far in the rejection of two papers by the Annals. They will,
however, be published as part of our Transactions, with the Asso-
ciation bearing the cost of this publication. The cost of last year’s
Transactions was over $6,000, but less than the cost of the pre-
vious year’s volume.

We await with interest the outcome of the newly established re-
view process and sincerely hope that it will not only result in a
higher standard of published material, but actually contribute to
the papers presented at the meetings.

Respectfully submitted,
Gabriel F. Tucker, Jr, MD
Historian-Editor

REPORT OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION GOVERNOR
OF THE AMERICAN COLLEGE OF SURGEONS

The American College of Surgeons met in Chicago in October
1982. The Board of Governors received reports from the College
officers and were updated on a number of matters of general in-
terest to the College, including reports from the various special-
ties; the one from otolaryngology was delivered by Dr Stuart
Strong, our President.

Subsequent to that meeting, the Advisory Council for Otolar-
yngology met. Here it should be noted that our Regent, Dr Loring
Pratt, was replaced by Dr James Snow, another one of our
Fellows. It should also be noted that the dues of the College of
Surgeons has been increased from $225 to $245. Pertinent to last
year’s Baker Lecture is a statement from the Board of Regents:

Training programs may be developed in Institutions with proper
capability conforming to the standards and review mechanisms estab-
lished for such programs by appropriate bodies. However, such special
interest in training should not be recognized by form of certification or
by issuance of a certificate of special competence by a specialty Board
or by an accrediting body. However, such recognition may be awarded
by the training institution.

Of more recent interest is the action of the Board of Regents at
its February 6 meeting, recording their determined opposition to
proposed revisions of the Joint Commission for the Accreditation
of Hospitals (JCAH) medical staff standards. The proposed revi-
sions were tentatively approved by the JCAH Commissioners on
December 11, and, if ultimately adopted, will replace the term
“medical staff” with the term “organized staff” and would per-
mit, at the hospital’s option, any limited licensed practitioner to
admit patients. Final action by the JCAH on these proposed regu-
lations has been deferred pending further discussion at the AMA’s
House of Delegates next June. I have been assured by the College
of Surgeons’ office that they will continue to work for the elimina-
tion of these proposals. The College Advisory Council for Otolar-
yngology will meet here in New Orleans next Tuesday.

Respectfully submitted,
Gabriel F. Tucker, Jr, MD
Governor, American College of Surgeons

REPORT OF THE AMERICAN LARYNGOLOGICAL ASSOCIATION RESEARCH COMMITTEE

The research committee met in New Orleans on April 11, 1983.
Those present were R. Boles, MD, P. Ward, MD, J. Snow, MD,
and J. Fredrickson, MD. Those absent were Arndt Duvall, MD,
and Hugh Biller, MD.

Suggestions were made for research speakers for the 1984
meeting. Received by John Fredrickson, MD, was Collin Painter,
PhD, Toronto; by Paul Ward, MD, was George Berci, MD,

UCLA; by Roger Boles, MD, was Bjorn Fritzel, MD, Sweden;
David Brewer, MD, Syracuse; and James Gould, MD, New York;
and by J. Snow, MD, was Bernard Marsh, MD, John Hopkins.

The following research activity in ALA was encouraged:
1. Continue to include research as distinct part of annual ALA
program
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2. Direct ALA representation on National Otolaryngology Re-
search Coordinating Committee centralized in AAO/HNS Of-
fice which has John Fredrickson, MD, as chairman

3. Publicize the Casselberry Award and award it more regularly
than in past

4. ALA seriously consider the feasibility of developing a fund-
raising organization which would provide seed money for mer-
itorious research ideas and projects proposed by young investi-

gators (much like DRF in Hearing)

5. ALA seriously consider the feasibility of developing and fund-
ing research fellowships in laryngology and phoniatry (much
like clinical fellowships of AAFPRS, only for research in
laryngology).

Respectfully submitted,
Roger Boles, MD
Chairman

REPORT OF THE TREASURER
ACCOUNTANT’S REPORT

To the Officers and Directors of the
American Laryngological Association

The accompanying balance sheets of the general fund and trust
funds of the American Laryngological Association as of March 31,
1983, and the related statements of income and retained earnings
have been compiled by us. A compilation is limited to presenting
in the form of financial statements, information that is the repre-
sentation of management.

STATEMENT OF ASSETS, LIABILITIES AND
FUND BALANCES — MARCH 31, 1983

We have examined and verified the underlying data. The re-
ports are on the cash basis method of accounting, and according-
ly, an unqualified opinion cannot be expressed. The method of ac-
counting is consistent with that of prior years.

Emil N. Northup
Certified Public Accountant, PA

March 31, 1983

STATEMENT OF RECEIPTS AND EXPENSES —
GENERAL FUND
FOR THE FISCAL YEAR ENDED MARCH 31, 1983

ASSETS R
o : eceipts:
Gl Tung, Ducsti dlise ae s st ol $12,450
@ashy(deficitdi -irii s e coii $ 119 Annual meeting . .................. 10,403
Trust Fund: @ounecilimeeting & v s 0 de . gflié
5 Sl SalelofiFransactions =0 ialins o n -
Gl Lt Interest on NOW checking account . . 330
Cash due from General Fund . . ... 5,192 Micsdllhnen e 192
e 0 i i o e Sl i i $26,185
1175 % Treasury note due 8/15/83 . . 14,981 ; =
Certificates of deposit due 6/13/63 . 109,256 Disbursements: :
C ok 13.980 Expenses of Annual Meeting:
L Sl e e e E iRk Banquet oo soncvs s 0 sl S 7,246
TotaliAssetss Shtv e e e s $163,588 Miscellaneoust 2t funent v ot 81
T Council travel and expenses . . ....... 4,645
LIABILITIES Tnansactions expensel i e 0 6,028
None General Expenses:
Printing, postage and supplies . . . . . 1,271
FUND BALANCES Professional fees i 1,250
@eneral Bund et e $ 119 Bond . . f ......... h 4 d ........ 40
: : Sponsors for Research an
Brust Bunds o s 85 e s 163,469 : er G e e 2,446
Total FundBalancess v nid $163,588 Micdhaone v s 160
See accountant’s letter and notes to financial statements. Motale cbe sevl Seanibis Sds ol i 23,167
Netilncomei(Doss)ae W ins e 3,018
General Fund Balance
Beginning of year, April 1, 1981 ... .. (2,899)
End of year, March 31,1983 ........ $ 119
See accountant’s letter and notes to financial statements.
STATEMENT OF INDIVIDUAL TRUST FUNDS, MARCH 31, 1983
Receipts
Fund Invest- Fund
Balance ment Disburse- Balance
4/1/82 Total Donations Income ments Transfers  3/31/83
Daniel C. Baker, Jr, Memorial Fund ............... $ 29,441 $ 2866 $ 100 $ 2,766 $ 657 $ 31,650
@asselberrypBundy e st eee i L 14,180 1,340 1,340 15,520
JohmstondEunds 26 - done it b Gl e s S et 13,437 115270 1,270 14,707
DeRoaldesiBlmd s e vy~ 0 e 8,037 748 748 180 8,605
NewecombrBrist Bund - -0 0 52T 494 494 52750
Newcomb Brize Eunde & . e ittt a6 1.229 113 113 1,335
ResearchiBindis s ol s s i i 49,696 4,670 4,670 $ 2,709 575075
MemornialsRund s asaan: ooy o g 28,806 2,709 2,709 (2,709) 28,806
Fotaleae it ds i bR G e g $150,096 $14,210 $ 100 $14,110 $ 837 $ $163,469

See accountant’s letter and notes to financial statements.
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GENERAL FUND — RESUME

For the Year Ended March 31, April 1, 1978 Through March 15,
1974 1975 1976 1977 1978 1979 1980 1981 1982 1983
EXPENSES
Annual
meeting $ 5,204 $ 4,525 $ 5,664 $ 3,615 $ 6,930 ¢ 18,391 $ 9,033 $.8.051 a3 el6.195. 1S 7397
Council 1,800 1,360 1,906 2,042 3,348 4,097 3,972 4,163 3,176 4,645
Transactions 2,833 5,124 4,458 4,824 4,124 6,544 5,358 —0— 112112 6,028
General 3,279 3,697 2,313 4,585 5,512 6,550 7,434 6,339 8,206 5,167
Totals 13,116 14,706 14,401 15,066 19,914 35,582 25,797 18,553 39,689 23,167
INCOME 14,723 13,284* 16,752* 16,621* 14,788* 21,426 2257 23,271 28,603 26,185

GAIN (LOSS)  $ 1,607  $(1,422) $ 2,351 $ 1,555 $(5,126) $(14,156) $ 1460 § 4,718 $(11,086) $ 3,018

*Excluding centennial assessments.
See accountant’s letter and notes to financial statements.

STATEMENT OF TRUST FUNDS FUND BALANCES
FOR THE YEAR ENDED MARCH 31, 1983
Lecoins General Trust
Coge & Fund Fund
Interest income (Note 2):
US iBreasuny notess i & s oged $ 3556 MARCH 31,
Certificates of deposit — banks . . .. 9,488 1970 e 9,240 81,410
$ 13,044 IOASE e s 7,817 111,075
Dividends on common stock ........ 1,066 IOM6E et v e e 10,168 114,564
14,110 OFE s - s et ket 15l 723 119,548
Donation: *
Bakerfund® i S e sl ane f e 100 M/l\iZgH 15 """""""""" el 221000
10 lojes e 1,816 130,768
Dis;i’“’f”e"és’ 1980 gty o oo s s e g 3,469 130,783
aker fund:
Aimdi s AT acl Thae . $ 657 el e 8,187 140,591
DeRell Hnd 1989 sgemiad - =0 on (2,899) 150,096
NMedalto obs i il 180 9838 et e o 119 163,469
837 *Excluding centennial assessments.
NetiIncomer s 5ot o Do et o 13,373 See accountant’s letter and notes to financial statements.
Fund Balance, April 1, 1982 .......... 150,096
MarchiSilE 1983E Tt = $163,469

*See accountant's letter and notes to financial statements.

TRUST FUND INVESTMENTS, MARCH 31, 1983

Share Market
March 10, 1983 Value Value
Cost High Low 3/10/83 Shares 3/10/83
STOCK PORTFOLIO
Common Stocks
American Telephone and Telegraph ........... $10,790 66 65%, 66"/, 200 $13,250
International Business Machines . .. ............ 158 102% 100" 100, 40 4,010
McDonnell-Bouglasi@onpis s faias  iis ut e 1,194 477, 47, 47, 165 D)
Melntyre-Boreupine® = 5 ao i i vl e 675 24, 24 241 15 364
$13,980 $25,399
March 31, 1982 March 10, 1983
CGommonistocksiaticostli s e i aiiie e nin s S s $13,980 $13,980
MarketivalueBssissi shae. ot i lui o il BOnde 19,656 25,399
Markebiniexcesstoffcostirc i s aitin e i SR s TR $ 5,676 $11,419
Dowslones Industrialsi=— Marchi3le 089~ el s venerainam il s i e D die i oD s e e 882.77
Marche OGS BR e e e el e e e e 1,120.94

*MclIntyre-Porcupine Mines LTD — Name changed to McIntyre Mines, LTD. Last dividend paid 6/1/78.
See accountant’s letter and notes to financial statements.

*Notes to Financial Statements
1. Accounting Policies

The organization uses the cash basis method of accounting and is a nonprofit entity exempt from Federal and State income taxes.
2. Allocation of Investment Income

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

The Trust Fund income is further allocated to each fund in the ratio the fund bears to the total value of the trust funds at the beginning of the year, ex-
cept that by action of the Council, January 3, 1976, current income from the Memorial Fund is transferred to the Principal and Retained Earnings of the

Research Fund.
Respectfully submitted,
Loring W. Pratt, MD
Treasurer
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Dr Paul H. Holinger
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Dr John J. Conley

Dr Noah D. Fabricant
Dr Paul H. Holinger
Dr Henry B. Orton

Dr Hans von Leden

Dr John A. Kirchner
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Dr Joseph H. Ogura

Dr Daniel C. Baker, Jr
Dr Alden H. Miller

Dr DeGraaf Woodman
Dr John J. Conley

Dr Francis W. Davison
Dr Joseph L. Goldman
Dr F. Johnson Putney
Dr John F. Daly

Dr Charles F. Ferguson
Dr Charles M. Norris
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PRESIDENTIAL ADDRESS

M. STUART STRONG, MD

It is with great pleasure that I welcome you all to
the 104th meeting of the American Laryngological
Association.

During the past year, it has been a distinct priv-
ilege and pleasure to have served as your president.
To have served with such a distinguished council
was pure delight. I am happy to report that the
American Laryngological Association is alive and
welll With the addition of seven new active Fel-
lows, to date the membership consists of 96 active
Fellows, 40 emeritus, 16 corresponding, and seven
honorary. The new Fellows are drawn from several
professional arenas: private practice, academia,
and group or clinic practice. The original purpose
of the American Laryngological Association, to ad-
vance and promote the science of medicine and sur-
gery in the upper respiratory tract, will be well
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served by the new Fellows; without a doubt, these
members are dedicated to excellence in rhinology
and laryngology.

The program for the 104th meeting, you will
notice, has a particular emphasis on voice; in con-
trast, many other programs of former meetings em-
phasized respiration, deglutition, or the ravages of
neoplasia. In a small way, it seems as if laryngology
is in a position similar to that of otology in the
pretympanoplasty days, when the emphasis shifted
to conservation of hearing rather than the control of
infection. This year’s program will feature methods
of measurement and documentation, the patho-
physiology of voice disorders, and a plea from the
research speaker for more research on the patho-
genesis of organic voice disorders. I feel sure you
will find the program useful and also enjoyable.



INTRODUCTION OF GUEST OF HONOR
DANIEL MILLER, MD

M. STUART STRONG, MD

It is a rare pleasure to be able to select the Guest
of Honor for the American Laryngological Associa-
tion, and when this opportunity presented itself to
me, there was no question in my mind as to who it
should be! By way of introduction, I would beg
your indulgence in a little nostalgia on my part. I
would like you to picture with me a clinicopatho-
logic conference in the conference room of the
Mosher Laboratory of the Massachusetts Eye and
Ear Infirmary in an October of the 1950s; it was the
first occasion in which I, as a young man, attended
such a conference accompanied by two of my men-
tors, Dr Walter B. Hoover and Dr Frank D. La-
throp. I was, of course, anxious to identify two of
the greats in laryngology who were in attendance at
the meeting, Dr Harris B. Mosher and Dr Leroy A.
Schall. Having had these two gentlemen pointed
out to me, I noticed a young man in the front row
who frequently rose to his feet to comment on the
clinical problem under discussion. His questions
were always pertinent, his commentary always il-

luminating, and his delivery articulate and elo-
quent. I recognized Dr Daniel Miller at that time as
a gifted and committed otolaryngologist.

Dr Miller’s career has been inextricably entwined
with the Massachusetts Eye and Ear Infirmary, the
Massachusetts General Hospital, and Harvard Med-
ical School, where he is Clinical Professor of Otolar-
yngology. He has had an interest in the broad field
of otolaryngology, but especially in head and neck
oncology. He has been Chief of the Head and Neck
Clinic at the Massachusetts General Hospital and is
presently Chief of the Head and Neck Clinic at the
Dana-Farber Cancer Institute. Dr Miller has been
President of the American Society of Head and Neck
Surgery, the Triological Association, and the Amer-
ican Laryngological Association.

Dan, you have been a good friend and a trusted
colleague to me and countless others, you have
served otolaryngology well, and today we salute
you as the Guest of Honor of the American Laryn-
gological Association.

GUEST OF HONOR ADDRESS

DANIEL MILLER, MD

Your invitation to me to be your Guest of Honor

. of the American Laryngological Association is one

of the highlights of my professional career. When I

recall the stature of the previous Guests of Honor of

this Society I truly feel the historical weight of your
choice for 1983.

In the past I thought of the Guests of Honor as
older, venerable people whose very names frequent-
ly caused shudders among our recent resident grad-
uates who took their board examinations from such
men. However, they all seem to have mellowed
with age and were then considered kindly gentle-
men who helped set the stage for the continuing ad-
vances in our discipline. Perhaps my misguided be-
lief in my own immortality may test the credence of
your choice this year as exemplified by the slide of
my two little daughters, Laura Anne, age 7, and
Diane Lee, age almost 3, with their mother. To
them I owe much for allowing me so much valuable
time to pursue some of my more recent clinical in-
vestigations for presentation before this Society.
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Although time is endless for the pursuit of in-
creasing knowledge in our discipline in medicine, it
is racing along behind us, beside us, above and be-
low us. We must all look at the patient now through
prismatic eyes, heretofore done in a less complex
manner. The discovery of the new biology which
has transformed medical education has forced us to
view our patients much differently. So many of us
view paintings at the museums either from the
standpoint of the subject portrayed, the texture and
technique of the painting, the colors blended, etc,
all giving us different dimensions of what we look
at. We must also extrapolate how we view the pa-
tient. We must all now see our patients from a
greater total picture in depth. We must look at
them from a humanistic, socioenvironmental point
of view; we must see him or her in the light of the
new information now available which makes the
biologic human being that we have looked at before
an even more complex machine than previously. Its
components aren’t any longer just cell systems and
gross anatomy and physiology. We must see the in-
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dividual in the light of the sequences of information
such as the macromolecules and micromolecules
which interact with each other, the energy-trans-
forming reactions that affect the genetic code of all
living organisms, the biochemical reactions that oc-
cur in transforming the genetic messages from DNA
to RNA and from RNA to other functioning pro-
teins. We must begin to better understand the dy-
namic state of our bodies’ constituent parts if we are
to treat disease more efficiently. For example, re-
cent studies demonstrate that the immune system
can be altered by long-term tobacco smoking by
changing the ratio of T-cells and thus possibly con-
tributing to the pathogenesis of respiratory cancer.
Clinical evaluations of the past are now reinter-
preted for the future, it would seem. It is these very
T-cells which make up 80% of the disease-fighting
cells; if they run out of control it may then result in
autoimmune diseases, hitherto mysterious diagnos-
tic problems.

This new concept of the intricacies of our bodies
should begin to instill fear in many of us. Will we be
able to understand and manage that knowledge of
the chemical composition of our genes, or will many
of us give up before this somewhat frightening
knowledge which we find difficult to assimilate and
to apply? The so-called halo about the physicians’
head now sits precariously. There is just so much we
can absorb of this new cascade of information. I en-
vy the medical student and house officer who is now
exposed to this myriad of information and can learn
to utilize it while picking the wheat from the chaff
from the previous learnings and teachings that we
older members of the discipline of Otolaryngology-
Head and Neck Surgery have tried to pass on to
them.

However, let not the new knowledge of the poly-
peptides or the polysaccharides or prostaglandins,
the use of monoclonal antibodies or the recombi-

nant genetic manipulations, etc, sidetrack us from
our view of the individual, from the humanistic
point of view. The patient is more than cells and
systems.

For a brief moment let us look at the otolaryngol-
ogist of the future based on this newer knowledge.
It is our hope and belief that the newer subset of
otolaryngologists will have the ability to learn much
of this knowledge and utilize it for the best possible
care for their patients. However, let us recognize
reality and accept the fact that even today’s ad-
vanced knowledge is not cemented in perpetuity.
Therefore the message must be that we should be
able to learn to relate to change no matter what
generation we find ourselves in, practicing the art
and skills of medicine. Xenophobic nonchalance re-
garding this new knowledge is no longer an afford-
able luxury. I close this short dissertation with the
feeling that I wish I had 25 years more of this preci-
ous life to be part of the evolution of the newer un-
derstanding of the human body. However, it is a
good feeling to look out over this audience to see so
many younger faces of those who will carry on the
management of health care in a much more sophis-
ticated and enlightened manner than their prede-
cessors. It hopefully will be a better world because
of the concern for the patient by such concerned
otolaryngologists and their never-ending spirit of
inquiry as exemplified by our scientific program to-
day.

Stuart, it has been a great pleasure for me to be
your Guest of Honor and I am truly indebted to you
for the privilege of addressing the members and
guests of the American Laryngological Association
on this important date of April 10, 1983, and, be-
fore passing from the scene, to share some of my
thoughts regarding the intricacies of intracellular
life as it unfolds before us.
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THE IRRADIATED LARYNX: A SURGICAL DILEMMA

JOHN S. LEWIS, MD

ALVARO VALLEJO, MD

TERMSAK KUSONRUKSA, MD

NEW YOrk, NEW YORK

Ionizing radiation administered in curative doses to the larynx for a T1 or T2 lesion may cause considerable local reaction. To a clini-
cian, the mucosal edema, perichondritis, and radiation necrosis may manifest itself for months and years. Local persistence or recurrence
of cancer may also be hidden from view, which neither clinical examination, repeated open biopsy, or routine x-ray film may reveal. The
authors report four cases of laryngeal cancer in which only sophisticated radiographic diagnosis suggested the presence of recurrent cancer
years after radiotherapy, and all of which required total laryngectomy for diffuse submucosal disease. The problem of radiation necrosis
was more prevalent during the days of orthovoltage radiotherapy. Diagnosis and management of this problem are discussed.

The diagnostic and therapeutic dilemma of the
irradiated larynx has long been a problem to the
laryngologist. In 1974 Ward et al' presented a
paper at the Centennial Conference on Laryngeal
Cancer in Toronto in which they pointed out the
difficulty with postradiation edema lasting more
than 6 months following full-dose radiotherapy ad-
ministered from 5,700 to 7,200 rad. Only two of the
11 cases that proved to have recurrent carcinoma
were salvaged surgically in the T3 and T4 groups.
The difficulty of obtaining a positive biopsy was
stressed, and the authors demonstrated microscopic
nests of tumor cells present in the endolarynx, or the
edema of the larynx so protean that the carcinoma
was deep to the biopsy.

During the past 2 years we have been impressed
with the number of patients referred for a second
opinion following radiotherapy for cancer of the
larynx. These patients usually complained of persis-
tent hoarseness, dysphagia, and otalgia, and had re-
ceived cobalt 60 radiotherapy for T1 and T2 lesions
of the glottic larynx. A few patients with supra-
glottic carcinoma including epiglottic and pyriform

recess were also examined. These events prompted

us to look at our own experience with four par-
ticularly difficult patients with T1 and T2 epider-
moid carcinoma of the larynx who had been radi-
ated many years before and subsequently required
total laryngectomy.

A classic on this subject was published in 1982 by
Keene et al from the University of Toronto.?
Histologic studies of 265 laryngeal whole-organ
specimens obtained following total laryngectomy or

at autopsy showed the incidence and location of
chondronecrosis and osteomyelitis in both radiated
and nonradiated cases. In their series chondrone-
crosis occurred in only one of 41 early (T1 and T2)
tumors. In 143 advanced tumors (T3 and T4)
treated with radical radiotherapy and containing
residual carcinoma, 27% had evidence of signifi-
cant radionecrosis compared with 24 % of those not
irradiated. The arytenoid cartilage was most fre-
quently involved when chondronecrosis occurred in
association with radiotherapy; age, sex, tumor
grade, and previous laryngeal surgery did not ap-
pear to be significant factors in the development of
necrosis in irradiated patients. The incidence of
clinical perichondritis appeared to be low, but his-
tologic chondronecrosis and osteomyelitis were
present in 26 % of all the larynges studied, and par-
ticularly in those treated with advanced supraglot-
tic cancer.

CASE REPORTS

Case 1. A 53-year-old man developed glottic carcinoma, and
clinical examination at another institution revealed a T2 lesion of
the left vocal cord. He was radiated, the factors were cobalt 60,
approximately 6,200 rad tumor dose administered through two
opposing ports. He was referred 2 years after complaining of
throat pain and hoarseness of about 3 month’s duration. Clinical
examination showed swelling of the left hemilarynx, without neck
nodes. Direct laryngoscopy showed marked swelling of the left
ventricular band, and multiple biopsy specimens had acute and
chronic inflammation. Four months later the patient had persis-
tent symptoms, laryngoscopy and biopsy were repeated, but no
evidence of malignancy was found. Nine months from the first
visit, the swelling of the left hemilarynx increased and a node was
now palpable in the left midjugular chain. Tomograms showed a
submucosal mass involving the left hemilarynx. Total laryngec-
tomy and left radical neck dissection was carried out without

From the Department of Otolaryngology and Radiology, St Luke’s-Roosevelt Hospital Center, New York.
Presented at the meeting of the American Laryngological Association, New Orleans, April 10-11, 1983.
REPRINTS — John S. Lewis, MD, Department of Otolaryngology and Radiology, St Luke’s-Roosevelt Hospital Center, 428 West 59th St, New York, NY

10019.

"The papers on pages 17-99 were published in the Annals of Otology, Rhinology, and Laryngology, September-October 1983; the paper beginning on
this page and those on pages 100-112 are published here for the first time. The discussions that followed the papers are on pages 113-120.
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event. The tumor was submucosal, involving the left false cord,
with supraglottic extension to the pyriform recess. The pathology
report indicated deeply infiltrating squamous carcinoma of the
larynx with metastases to all levels of the jugular chain and soft
tissue of the neck, and vascular permeation. Postoperative radio-
therapy was given to the dissected nonradiated neck. The patient
is alive and well 8 months following his surgery.

Case 2. A 47-year-old woman presented with soreness of the
throat and dysphagia of 4 months’ duration. Four months pre-
viously she had had a hysterectomy for uterine carcinoma. Clin-
ical examination showed a T2 lesion in the right pyriform recess.
Biopsy was positive for squamous carcinoma. She required sur-
gery and received approximately 6,000 rad tumor dose to the in-
volved area. Following radiotherapy she developed edema of the
larynx with hoarseness. A node appeared in the right neck 14
months after the radiotherapy which on needle biopsy was posi-
tive, and a right neck dissection was performed. The larynx was
examined at the time of surgery and biopsy of the larynx was
negative. Esophagogram and laryngeal tomograms were per-
formed and were negative. Twenty months after her radiother-
apy she had increased swelling of the right hemilarynx, and a
CAT scan of the larynx was performed that suggested the
presence of recurrent tumor. Total laryngectomy was carried out
without a positive biopsy. Extensive submucosal carcinoma was
present in the right hemilarynx with involvement of the postcri-
coid area and penetration of the right thyroid ala. She healed per
primum and is 1 year postlaryngectomy.

Case 3. A T76-year-old man presented with a T1 lesion of his
right vocal cord for which he received approximately 6,000 rad
cobalt 60 radiotherapy to the larynx. Four years later he devel-
oped a tight feeling in his throat with increasing respiratory dif-
ficulty. He appeared to have edema of the larynx with a ragged-
appearing right vocal cord. Direct laryngoscopy was performed
and biopsy of the cord was negative. Tomograms of the larynx
and trachea suggested a tracheal tumor, but repeat direct
laryngoscopy showed no pathological condition in the trachea but
in the subglottic region which was positive for carcinoma. A total
laryngectomy was performed revealing submucosal involvement
of the entire larynx. The postoperative course was uneventful and
he is 9 months postlaryngectomy.

Case 4. A 52-year-old woman had been radiated 20 years
previously for carcinoma of the larynx. She had a T1 lesion of the
right vocal cord and received 6,200 rad cobalt 60 treatment. Be-
cause of subglottic and glottic stenosis she underwent a left
arytenoidectomy and tracheostomy. The patient could not be
decannulated, and when examined 4 months later, had com-
pleted subglottic and glottic stenosis. A total laryngectomy was
carried out. She developed an excellent esophageal voice and is
asymptomatic 9 years later. The laryngeal specimen showed ne-
crosis of the thyroid cartilage with stenosis, but no evidence of
cancer was present.

DISCUSSION

The rationale for choosing radiation therapy in
the treatment of squamous cell carcinoma of the
larynx lies in the ability to eradicate the disease and
yet preserve function. Cure can be accomplished by
irradiation alone in the majority of early glottic and
supraglottic tumors (T1 and T2), reserving surgery
for persistent or recurrent disease. With this policy,
preservation of the voice can be accomplished.
Should radiotherapy fail, curative surgery, in many
cases only partial laryngectomy, is still possible
without an unusual rate of complications.’

With the relatively high dose required to control
squamous cell cancer of the larynx, there is always
the risk of inducing radiation necrosis and/or
edema. Fortunately, the incidence of these compli-

cations is small when proper patient selection, dose
fractionation, technique, and treatment planning
are employed.

Normal cartilage covered by normal mucosa can
tolerate high doses of radiation as long as infection
or trauma do not occur. Either infection or trauma
may precipitate a response in the irradiated car-
tilage, resulting in edema, perichondritis, cartilage
necrosis, and sequestration of the entire irradiated
tissue. These complications are most likely to occur
if the laryngeal lesion is far advanced, in cases of
deeply infiltrating tumors with extensive ulcera-
tion, when there is radiographic evidence of in-
volvement of the thyroid cartilage by tumor, or if
surgery, such as partial laryngectomy, preceded the
irradiation.

The two most important factors that influence
the development of laryngeal edema and cartilage
necrosis with the use of irradiation are the size of
the treatment field and the dose-time relationship
of the treatment program. Necrosis will be most fre-
quent after irradiation of large lesions which re-
quire large treatment portals. The incidence of
postradiation laryngeal cartilage necrosis can be
correlated with treatment volume, although this is
a direct reflection of tumor site and extent. Fletcher
and Klein* found an increased frequency of mucosal
reaction when the treatment portal size exceeded 35
cm. Most studies show that the incidence of laryn-
geal edema and necrosis increases significantly with
increase in dose or shorter treatment time. Fletcher
and Klein demonstrated that when doses of 4,850
rad delivered in daily treatment over 4 weeks were
increased to 5,500 rad in 4 weeks, the complications
of the treatment program, ie, edema or necrosis,
were doubled (three out of 74 patients to eight out
of 73 patients).

Since higher total dosage and larger field sizes are
used for more advanced lesions, it is not surprising
that the incidence of laryngeal edema and necrosis
also increases with the stage of the disease. It is for
this reason that surgery .is the preferred treatment
method for the most advanced lesions (T3 and T4),
since the high dose required to control such lesions
will produce an unacceptable rate of complications,
defeating the main reason for selecting radiation
therapy as the treatment of choice, which is the pre-
servation of voice.

Even in the treatment of favorable lesions and
with the use of meticulous technique, some degree
of laryngeal edema can appear by the end or follow-
ing a course of curative radiotherapy. In the majori-
ty of cases the edema is temporary and slowly sub-
sides. The continued use of excessive amounts of
tobacco or alcohol and the injudicious use of the
voice can act as irritants, worsening the severity of
the edema. However, persistent or progressive
edema in a significant percentage of cases may
represent persistent or recurrent disease. In the
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study of Fu and coworkers,® laryngeal edema persis-
tent for more than 3 months following radiotherapy
developed in 38 out of 247 (15.4%) patients ir-
radiated for carcinoma of the glottic larynx. In 17
(44.7 %) of these patients, the laryngeal edema was
associated with persistent or recurrent disease, al-
though only 25.4% of all the patients in whom
treatment failed had laryngeal edema.

The management of the patient with persistent
edema of the larynx following definitive radiother-
apy is extremely difficult. Direct and indirect
laryngoscopy are usually not helpful since the
mucosa in an edematous larynx may appear smooth
and intact, and only when deep biopsies are per-
formed is tumor found in the submucosa. Biopsy of
the superficial tissues may not be representative and
multiple biopsies may be necessary to obtain a histo-
logic confirmation of persistent tumor. These biop-
sies, however, are dangerous in the heavily ir-
radiated larynx since the trauma may aggravate the
edema and increase the risk of chondronecrosis. In
our experience, radiographic evaluation of the ir-
radiated larynx is of little value in the differential
diagnosis between radiation damage and persistent
or recurrent disease.

A reasonable policy in the management of the pa-
tient with postirradiation laryngeal edema is to
adopt an initially conservative attitude, recom-
mending voice rest, urging discontinuation of
alcohol and cigarette consumption, considering the
use of antibiotics and steroids if infection is sus-
pected, and closely observing with periodic follow-

up examinations. If there is no improvement with
these conservative measures, and there is a strong
suspicion of recurrent or persistent disease, direct
laryngoscopy and biopsies are carried out in an at-
tempt to confirm the presence of cancer, followed
by definitive surgery. A total laryngectomy may be
necessary even in the absence of a positive biopsy.
Surgery has come to be the treatment of choice for
the patient with severe edema or necrosis as well as
for those with obvious postradiation recurrent or
persistent disease.

In our small series of four cases, three larynges
were removed and confirmed the suspicion on clin-
ical grounds that gross recurrent cancer was present
20, 24, and 48 months after the T1 and T2 car-
cinoma had been irradiated. In the fourth case a
suspicion of recurrent carcinoma was present, but
the patient also developed laryngeal stenosis and an
elective total laryngectomy was carried out. No
cancer was found in this case. In all of our cases ra-
dionecrosis of the thyroid cartilage and arytenoids
was present.

The laryngeal surgeon must be concerned about
the possibility of recurrent tumors in the symp-
tomatic patient with persistent laryngeal edema.
Although there are medical-legal reservations about
removal of a larynx without a preoperative or in-
traoperative endoscopic biopsy, there are strong
clinical grounds for performing an elective total
laryngectomy. Surgical debridement of necrotic
cartilage and bone has no place in the management
of the irradiated larynx.
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GLOTTOGRAPHIC MEASUREMENT OF VOCAL DYSFUNCTION
A PRELIMINARY REPORT
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Objective measurement of vocal function is important in evaluating phonatory disorders, planning treatment, and documenting the
effects of therapy. Glottographic measurement, ie, measures that describe glottal movement, can be performed and analyzed relatively
easily, and can be related to the pathophysiology of vocal dysfunction. In our clinic, simultaneous recording of acoustic, photoglot-
tographic and electroglottographic signals is being used in the evaluation of patients with voice disorders associated with neurologic im-
pairments. Our experience with these measures indicates that they may provide detailed information about the vibratory patterns of the
vocal folds, which appears to differentiate some phonatory characteristics among patients with differing types of disorders.

INTRODUCTION

Historically, physicians have relied on two basic
techniques in the assessment of laryngeal pathol-
ogy: listening to the voice and viewing the larynx
with a mirror or other device. While much can be
learned by the perceptual evaluation of voice qual-
ity, these judgments often are unreliable in a clini-
cal setting. Although careful visual examination is
of fundamental importance, particularly in the case
of anatomical abnormalities, indirect laryngoscopy
is limited by lack of objective documentation. Nor-
mal-speed cine or video documentation of the lar-
yngoscopic examination allows the examiner to re-
view the movements of the laryngeal structures at a
slightly reduced speed,* but fine details of vocal fold
vibration which are intimately related to voice pro-
duction are not captured by these techniques.

Other means of measuring vocal function can
provide more objective information. Acoustic mea-
surements, such as perturbation analysis of fre-
quency,??® and amplitude* of the acoustic voice
signal and various spectral measures of signal to
noise,*’ provide reliable information which has
been related to listener evaluation of roughness,
breathiness, and other deviant vocal qualities. Al-
though acoustic measurements are important clini-
cally applicable techniques, they do not necessarily
have a direct physiological correspondence to ab-
normal glottal activity.® Aerodynamic measures
such as glottal air flow and subglottal air pressure
offer another perspective on voice production from
which some inferences on abnormal glottal con-
figurations can be made. These measures also have
been reported to be related to listener ratings of de-
viant voice dimensions.® Electromyographic record-
ing of laryngeal muscle activity has provided impor-
tant and useful information about the physiology of

specific muscles during phonation. However, while
there are special clinical applications for elec-
tromyography, this technique has not been general-
ly accepted as a clinical tool.

Measurements that can be directly related to the
pathophysiology of laryngeal behavior are highly
desirable. Since phonatory dysfunction usually
manifests itself in abnormal oscillatory movements,
the measurement and analysis of the vibratory pat-
tern of the vocal folds has the potential to provide
detailed information on the pathophysiology of the
vocal folds during phonation. Movement of the
vocal folds can be observed by ultra-high-speed
filming (4,000-10,000 frames/s). Frame-by-frame
analysis can yield measures such as glottal area and
excursion of selected points on the visible surface of
the vocal folds. Such measures provide valuable in-
formation to help understand the pathophysiology
of individual patients. Although high-speed filming
does provide useful data, it is technically difficult to
use with untrained subjects or patients, and is es-
pecially limited by the great time and expense of
frame-by-frame data analysis. In fact, the diffi-
culties of this method are so great that over 40 years
after first being used, it is estimated that not more
than five minutes of ultra-high-speed film of vocal
fold vibration have been analyzed in detail.!°

As a rapid and relatively inexpensive alternative
to high-speed filming, glottographic techniques
have received considerable attention in the study of
normal laryngeal activity. The analysis of glottal
waveforms, ie, waveforms that describe glottal
movement during phonation, has potential for mea-
suring vocal fold activity with little discomfort to
the subject. In addition, data analysis can be per-
formed much faster than by the frame-by-frame
method of analysis used in high-speed filming.
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Three glottographic techniques are commonly
used. Inverse filter glottography is an acoustic pro-
cedure in which the inverse of the lip radiation and
the vocal tract spectral contributions are used to re-
move the acoustic effects of the supraglottal vocal
tract, leaving the glottal volume flow.'"'*> How-
ever, the more abnormal the voice, the more diffi-
cult it becomes to choose the proper inverse filter
parameters. Consequently, application of this
method for the study of dysphonia requires further
refinement of the technique. Another method is
photoglottography (PGG), which monitors light
transmitted through the glottis. The light source
may be above or below the vocal folds, while the
light output is transduced by a photosensor on the
other side of the glottis. The amount of light passing
through the glottis is considered proportional to the
glottal area during the vibratory cycle.”® The third

~method, electroglottography (EGG), measures the
electrical impedance across the neck in the vicinity
of the glottis.'*'* There is evidence that changes in
impedance are related to variation in vocal fold
contact.'® The first two methods provide more in-
formation during the open portion of the glottal cy- |
cle, while EGG yields more information during the
period of glottal closure.

A sensible approach to capture as much detail as
possible about vocal fold movement is to employ a
combination of measurements of glottal opening
area and vocal fold contact.’” Consequently, the
purpose of this paper is to demonstrate the use of
PGG as a measure of glottal area, while simulta-
neously measuring vocal fold contact by EGG for
the study of laryngeal pathophysiology in a clinical
setting.

METHODS

The following methods are used in our clinic for the evaluation
of patients with phonatory disorders.

Filming the Larynx. The larynx of each subject is first exam-
ined with a 90° Ward-Bereci telescopic laryngoscope.'® Next, the
laryngoscope is coupled to a 16-mm endoscopic cine camera
(Beaulieu), which is used to photograph the larynx during phona-
tion at a film speed of 12 frames/s. The subject is asked to sustain
the vowel /i/ (ee), inspire as deeply as possible, rapidly interrupt
and resume the production of /i/, and produce the vowel at the
lowest and highest pitches of his or her range. The vowel /i/ was
chosen to allow an unobstructed view of the glottis for viewing
and illumination for PGG, since it is articulated with the epiglot-
tis pulled anteriorly.

Glottographic Measurement. The recording apparatus is pre-
sented in Fig 1. Each subject is seated in a dental chair located in
a sound-treated booth of double-walled construction. The vibra-
tory pattern of vocal fold activity is monitored by means of an
electroglottograph (F] Electronics) and a custom-built photo-
glottograph. After a brief spray of topical anesthesia to the nasal
passage, a flexible fiberscope (Olympus BF type 3C3) is intro-
duced through the nose, passed into the pharynx, and positioned
above the glottis. The fiberscope is fixed in position at the nose by
a device designed to stabilize a nasogastric tube. The body of the
fiberscope is held in position by a balanced mechanical arm. A
phototransistor and its housing are then placed on the surface of
the neck just below the cricoid cartilage and held in position by a
neckband. The light from the fiberscope passing through the glot-
tis during phonation is transduced by the photosensor and is
amplified prior to recording. An adjustable neck band supports
the two electrodes of the electroglottograph which are placed on
either side of the thyroid alae. Prior to recording, the electrodes of
the electroglottograph and the phototransistor of the photoglotto-
graph are adjusted on the subject’s neck to produce maximum
output as observed on an oscilloscope.

A microphone (B&K, model 4144) positioned 5 cm in front of
the lips is used to transduce the subject’s voice. The subject’s head
is held in a constant position on the headrest while sustaining
phonation of /i/ at constant pitch and loudness levels and at differ-
ent fundamental frequencies. A brief presentation of a pure tone
is provided initially to give the subject a target frequency to
match. The subject is assisted in maintaining a given loudness
level by observing the meter display on a microphone-measuring
amplifier (B&K, model 2609). Maintenance of targeted funda-
mental frequency (Fo) level is aided by the visual display of a
Lissajous pattern on an oscilloscope. A sinusoid of a given fre-
quency is fed to one channel, while the microphone signal is con-
nected to another channel. When the Fo of the vowel production
matches the frequency of the sinusoid, the display on the oscillo-
scope appears as a fixed elliptical figure. Unfortunately, many pa-
tients with laryngeal problems and some normal subjects cannot
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sustain phonation at specific pitch and loudness levels. In this
situation, patients are asked to sustain phonation at normal con-
versational levels and lowest and highest pitches at low, normal
and high levels of loudness.

The signals from the electroglottograph, photoglottograph, and
microphone are recorded on FM channels of an instrumentation
recorder (Tandberg, model 115D). After each subject’s recording,
a 100-Hz triangular wave is amplified and fed to a loudspeaker
placed 5 cm in front of the microphone. This tone is recorded as a
sound pressure level calibration signal for each subject.

Data Analysis. Representative, stable, 1-second portions from
the middle of vowel productions are selected for analysis. A pulse
is then placed at the beginning of these segments on another chan-
nel of the instrumentation recorder as a trigger for analog-to-
digital conversion. Each of the three signals on the FM channels
are then low-pass filtered (Krone-Hite, model 3343) at 3 kHz,
digitized at 10,000 times/s, and stored in disk memory of a LSI
11/23 computer (DEC). Since the digital sampling of each signal
begins at the same place on the tape, synchronization of all three
signals is assured.

A general purpose, custom designed software package (MAP) is
used to display, edit, and perform the necessary calculations on
the acoustic EGG and PGG waveforms. First, the EGG and PGG
signals are differentiated in order to derive their velocities, and all
four waveforms are displayed simultaneously on a video terminal.

For appropriate interpretation of the glottographic waveforms,
it is helpful to know where along each waveform the glottis first
opens and where it first closes. The precise moment of opening of
the glottis may be difficult to define by PGG alone,'*?° par-
ticularly in patients with abnormal vocal cord posture. For exam-
ple, it appears that in many patients with Parkinson’s disease,
complete vocal cord closure does not occur, as in case 1. In order
to make comparisons between temporally related events among
patients, the point of opening on the PGG waveform was defined,
for the purpose of the measurements demonstrated here, as the
time corresponding to the peak of opening velocity of the differen-
tiated EGG (DEGG) signal. Krishnamurthy et al?* found that the
peak DEGG velocity during opening corresponded very closely to
the exact moment of visible upper vocal cord opening on simulta-
neously filmed ultra-high-speed film, and that the peak of closing
EGG velocity occurred at the point of visible upper vocal cord
closure. Since each of the displayed waveforms has the same time
base, the peak velocities of opening and closing were related to
points on the EGG and PGG signals by projection of straight lines
perpendicular to the x axis, from the DEGG waveform. Patients
with Parkinson’s disease who do not have complete cord closure
may also have a poorly defined peak opening velocity in the
EGG, but usually a peak is present. Thus the timing measure-
ments represent “most open phase” and “most closed phase” as

TIME, AMPLITUDE, AND VELOCITY MEASURES

Normal

Measure Subject Casel Case2 Case3
Fundamental

frequency (Hz) 106.00 119.00 158.00  197.00
Mean period (ms) 9.43 8.40 6.31 5.70
Mean frequency

perturbation 0.13 0.35 0.13 0.15
Frequency pertur- ;

bation ratio LI 41.67 19.81 29.48
Open quotient 0.44 0.84 0.42 0.55
Speed quotient 113 5.20 2.66 1.90
Lateral excursion/

entire cycle (%) 23.00 71.00 27.00 31.00
Medial excursion/

entire cycle (%) 21.00 14.00 12.00 23.00
PGG amplitude

fluctuation ratio 30.74 114.82 55.18  362.59

Peak velocity quotient 0.95 1.29 0.98 1.12

Peak velocity
fluctuation ratio 73.48 72770 150293 436.09

T T T T T T T

VOICE

EGG DPGG PGG

DEGG

Fig 2. Simultaneous display of acoustic (voice), photoglot-
tographic (PGG), differentiated photoglottographic
(DPGG), electroglottographic (EGG), and differentiated
electroglottographic (DEGG) signals of vowel production
from 35-year-old man with normal voice.

defined by the maximum peaks in opening and closing velocities
of the DEGG. In the case where opening is very poorly defined,
this definition may be somewhat inaccurate. We are evaluating a
method using computer-triggered stroboscopy to provide more
accurate details of glottal opening. This method will be reported
separately.

Measurements of various amplitudes, times, and velocities of
the waveforms are then made. Some formulas for these measure-
ments are presented in the Appendix. A number of duration mea-
sures are computed from the PGG. These include the time from
moment of opening, as defined by the peak in opening velocity in
the DEGG, to the peak of opening and the time from the peak in
opening to the moment of closure, again defined by the peak in
the closing velocity from the DEGG. The fundamental frequen-
cy, the open quotient (duty cycle), speed quotient,?? and fun-
damental frequency perturation® are calculated from these dura-
tion values.

Another perturbation measure, the PGG amplitude fluctua-
tion, was chosen to portray the cycle-to-cycle variability in light
transmitted through the glottis. In addition, measures were de-
veloped to assess the magnitude, symmetry, and variability in
glottal opening and closing slopes. First, the means of the max-
imum opening and closing velocities are measured from the dif-
ferentiated PGG (DPGG) waveform. Next, a peak velocity quo-
tient is calculated to assess the symmetry of the opening and clos-
ing slopes. The closer this value approaches unity, the more sym-
metrical the slopes. Finally, the cycle-to-cycle variability in this
quotient, peak velocity fluctuation, is computed to measure the
stability in the opening and closing velocities.

CASE REPORTS

The Table presents some representative results of the time,
amplitude, and velocity measures in a normal subject and three
patients with normal larynges who have distinct phonatory ab-
normalities. These representative patients were selected because
they appear, on the basis of clinical evaluation and laryngoscopy,
to have distinctly different phonatory problems.

For purposes of comparison with the case report waveforms,
data from a 35-year-old man with a normal voice, phonating at
an Fo of 106 Hz and an intensity level of 90 dB SPL, is presented
in Fig 2. The relatively high intensity values found in these re-
cordings can be attributed in part to the 5-cm microphone
distance which was used during the recording session. The
acoustic signal (voice) shown in Fig 2 is quite stable from cycle to
cycle. It lags slightly because of the time it takes for the acoustic
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Fig 3. (Case 1) Production of vowel /i/ by 72-year-old man with Parkinson’s disease. A) Simultaneous display of
acoustic (voice), photoglottographic (PGG), differentiated photoglottographic (DPGG), electroglottographic
(EGG), and differentiated electroglottographic (DEGG) signals. B) Reproduction of single 16 mm-frame taken

from cine photography of larynx at 12 frames/s.

energy to travel from the glottis, through the vocal tract, to the
microphone.

The PGG waveform is similarly stable in normal subjects. In-
creased light transmission during glottal opening is represented in
the PGG waveform by increased voltage. As the vocal folds begin
to separate, there is a sharp upward deflection of the waveform.
Maximum opening corresponds to the peak, while the beginning
of glottal closure is signalled by the sharp downward deflection.
Return to the baseline is associated with maximum glottal closure
which can take up a considerable proportion of time during a
complete glottal cycle in an individual with normal phonation.
The shape of the area function peaks derived from PGG is some-
what between a half sinewave and a triangular wave, as would be
predicted by the Flanagan-Ishizaka two-mass model.** Opening
and closing velocities are relatively symmetrical and repeat
regularly, indicated by the similarity in amplitude of the peaks in
the DPGG waveform of this representative normal subject.

Complementary information is contained in the EGG wave-
form. Increased impedance occurring as medial vocal fold contact
decreases also is represented by increased voltage in the EGG
waveform. Portions of the EGG waveform have been related to
the sequence of physiological events occurring along the glottal
cycle.?* The lowest point on the waveform corresponds to the
most closed period when the vocal folds are compressed at their
medial edges. The waveform begins to rise as the lower margins
of the vocal folds begin to separate. At the discontinuity in the
slope of the waveform, ie, a slight indentation at the large arrow-

head in Fig 2, the upper margins of the vocal folds probably first.

open. It is interesting that the point immediately above this in-
dentation, as the slope begins to rise more steeply, corresponds in
time to the point on the PGG waveform signalling the start of a
glottal opening phase in the cycle. Following this ascent, there is a
short, relatively flat region corresponding to the period when the
vocal folds are maximally apart. The slope than descends rather
slowly, a period associated with medial adduction of the vocal
fold margins, until the waveform falls steeply to the baseline. The
instant of glottal closure is probably close to the point correspond-
ing to the minimum of the DEGG waveform.?' In abnormal pho-
nation, these physiological distinctions may be more difficult to
make.

The waveform seen in this example corresponds closely to other
normal subjects that we have recorded. The exact waveform
shapes vary, of course, with frequency and intensity; however,
the basic features described above are present in normal modal
phonation. The normal range of waveform characteristics and
their derived measures remain to be described for a large popula-
tion of subjects to account for normal variations and changes with
age and sex.

CASE 1

Data from a 72-year-old man with Parkinson’s disease, phonat-
ing at an Fo of 119 Hz and an intensity level of 76 dB SPL, is
shown in Fig 3A. The patient’s voice is breathy, weak, and lacks
normal pitch and loudness changes. The position of the patient’s
vocal cords is seen in Fig 3B, taken from a single frame of cine
film during phonation of the vowel /i/.

The PGG waveform is markedly different from normal. It re-
mains at the baseline for only a short proportion of the cycle,
demonstrated in the abnormally high open quotient value
(Table). In fact, of the entire glottal cycle, only 15% of the time
was spent in the “most closed period.” The opening portion takes
up 71% of the entire cycle, while the closing phase takes up only
14% . In addition, the maximum and minimum intensity of light
transmission varies from cycle to cycle, as measured in the PGG
amplitude fluctuation ratio, suggesting variation in degree of
maximum glottal closure and opening across cycles. The opening
and closing slopes are rather asymmetrical, a condition reflected
in the peak velocity quotient. In addition, waveform shape varies
widely from cycle to cycle, suggesting marked variability in the
control of vocal fold posture.

The EGG and DEGG waveforms indicate less easily iden-
tifiable segments for physiological interpretation. The rising slope
is constant, without the indentation described in the characteris-
tic EGG waveform of the illustrated and other normal speakers.
The flat section is wider, indicating a longer period of maximal
glottal separation. The waveform then descends to baseline with a
constant slope, instead of a gentle descent followed by a steep roll-
off, observed in the normal case. One interpretation of this pat-
tern is that the vocal folds move toward the midline, but do not
make complete contact at their medial edges. Consequently, the
rising and falling slopes lack the discontinuities associated with
the medial contact of the upper and lower vocal fold margins oc-
curring during normal phonation. The overall picture is one of lit-
tle or no glottal closure, allowing the breathy escape of air
through the glottis.

Comment. The waveforms generated from the phonation of
this patient with Parkinson’s disease are quite different from nor-
mal. Furthermore, they deviate from normal patterns in a man-
ner that is predictable from observation of the phonatory posture
of the patient’s larynx during phonation. His vocal folds remain
bowed during phonation. There is a visibly greater than normal
glottic gap during phonation. This correlates with breathy voice
production, short phrasing of speech, and decreased ability to sus-
tain phonation. This basic appearance of phonatory posture is ob-
served in a majority of patients with Parkinson’s disease that we
have studied with cine laryngoscopy.?® The recorded glotto-
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Fig 4. (Case 2) Production of vowel /i/ by 52-year-old man with spastic dysphonia. A) Simultaneous display of
acoustic (voice), photoglottographic (PGG), differentiated photoglottographic (DPGG), electroglottographic
(EGG), and differentiated electroglottographic (DEGG) signals. B) Reproduction of single 16 mm-frame taken

from cine photography of larynx at 12 frames/s.

graphic signals correlate well with the laryngoscopic examination
in this patient, and in others that we have examined with these
methods. The lack of effective closure is documented in both the
PGG and the EGG signals.

CASE 2

Waveform data from a 52-year-old man with spastic dysphonia
of the adductor type, phonating at 158 Hz at an intensity level of
95 dB SPL, is presented in Fig 4A. The patient’s phonatory and
speech abnormalities are typical for mild to moderate spastic
dysphonia. He has moderate strain-strangled quality during most
of his phonation. He demonstrates particular difficulty with the
initiation of phonation in voiced phonemes occurring in the initial
position of words. Laryngoscopic examination demonstrates an
appearance which is typical of adductor spasticity. Laryngeal
posture during vowel production in this patient is pictured in Fig
4B. There is hyperadduction of the true cords and contraction of
the supraglottal musculature.

The PGG waveform shows relatively long closure periods dur-
ing the glottal cycle, a condition confirmed by the slightly smaller
open quotient than that of the normal individual. Actually, 61%
of the entire cycle is spent in glottal closure. The greatest differ-
ence from normal among the duration measures is the speed quo-
tient, caused primarily by the abnormally short closing phase. In
fact, of the entire cycle, only 12% of time is spent in medial excur-
sion of the vocal folds. This pattern may reflect increased tension
in the vibrating folds as compared to normal. The small indenta-
tion in the rising slope of the EGG signal described in the normal
case is much more pronounced in all of the cycles portrayed in Fig
4B. This event can be identified as a notch in the upper segment of
each cycle of the DEGG signal. There is no relatively flat area at
the top of the peaks in the EGG waveform, indicating the short
duration of maximum glottal opening. The impedance reaches a
peak and then drops sharply during closure, in contrast to the nor-
mal pattern of slow followed by quick change in velocity. Again,
the visible changes in the recorded waveforms correspond well
with the pathological conditions in this case.

Comment. The data from this patient’s phonation are quite dif-
ferent from those of the patient with parkinsonism. This is ex-
pected since the two cases represent somewhat opposite extremes
in phonatory posture. This patient’s voice sounds strained and at
times strangled, while the patient with Parkinson’s disease has a
voice that is weak and breathy. These perceived vocal characteris-
tics appear to relate to greater than normal tension in vocal fold
vibration, on one hand, versus incomplete glottic closure on the
other, as identified in the respective glottographic recordings of
these two patients.

The waveforms presented in Fig 4A represent this patient’s
“best” voice. Although the voice sounds tensed during this sus-
tained vowel production, the patient does not demonstrate the
spasmodic and effortful “squeezing” of the glottis that occurs dur-
ing spontaneous speech production. Nevertheless, these glotto-
graphic signals are quite visibly different from those of normal
speakers, and seem to correlate well with laryngoscopically docu-
mented spastic function during phonation.

CASE 3

Data from a 39-year-old man who suffered severe acute arsenic
poisoning 7 years prior to this examination is represented in Fig 5.
He is phonating at 197 Hz at an intensity level of 87 dB SPL. The
patient is confined to a wheelchair and has severe loss of tactile,
vibratory, and proprioceptive sense throughout his body. His
voice is distinctly abnormal and is best characterized as harsh and
tremulous. Attempts at prolonged phonation produced marked
variation in quality, pitch and intensity, and there were periods of
diplophonia and vocal fry. This segment is taken from a period of
phonation in which the voice sounds diplophonic, ie, two distinct
tones are apparent to the ear.

The peaks in the PGG waveform vary widely in amplitude and
shape; however, this variability seems to occur in a regular
fashion across every five cycles. In other words, every fifth cycle
appears to be similar in shape. This impression of variability is
confirmed in the extremely large fluctuation values. The PGG
amplitude fluctuation ratio is over 11 times as great as that for the
normal individual. Since little vertical laryngeal movement was
observed laryngoscopically during this phonation, we assume that
these changes in light intensity correspond to variation in max-
imum glottal opening from cycle to cycle. Peak velocity fluctua-
tion ratio is similarly much larger than this measure in the normal
individual, confirming the visibly large changes in the symmetry
of opening to closing slopes. In addition, the lack of a flat segment
at the baseline indicates that the period of glottal closure is short.

The EGG signal also varies in a five-cycle pattern. There is lit-
tle or no flat segment at the top of the peaks, indicating a very
short or incomplete period of glottal opening. Additionally, the
point of minimal impedance varies from cycle to cycle, suggesting
a noticeable variability in degree of medial vocal fold contact dur-
ing glottal closure.

Comment. Arsenic poisoning is known to affect the nervous sys-
tem, with particular loss of peripheral sensory function.?® This pa-
tient evidences marked loss of phonatory control. The waveform
pattern that recurs over several cycles correlates with listener
perception of diplophonia. Such a pattern conceivably could re-
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Fig 5. (Case 3) Simultaneous display of acoustic (voice),
photoglottographic (PGG), differentiated photoglot-
tographic (DPGG), electroglottographic (EGG), and dif-
ferentiated electroglottographic (DEGG) signals from
vowel /i/ produced by patient poisoned by arsenic.

sult from vibration of each vocal fold at different frequencies or
by the generation of subharmonic frequencies when two or more
natural tissue modes are excited in the same vocal fold.?” This is
an example where high-speed filming or waveform-triggered stro-
boscopy would clarify understanding of the vibratory mode
which results in this perceived voice characteristic.

DISCUSSION

While the methods described here have been used
primarily for the study of the normal voice, these
methods are potentially of great value to the clinical
laryngologist. Laryngologic surgery has evolved
from basically lifesaving operations, which often
left significantly disturbed phonatory function to
sophisticated conservation and reconstructive tech-
niques. For example, a number of innovative surgi-
cal approaches recently have been reported to im-
prove neuromuscular function in certain laryngeal
" disorders. These procedures are being performed
and evaluated by a number of individuals. Assess-
ment of the results of such procedures have been
noticeably impaired by lack of quantitative mea-
sures which can be applied in clinical settings.
There is great clinical need for measures that can be
related directly to vocal function to compare the re-
sults of different treatment techniques, to diagnose
specific disorders of function, and to monitor
changes with treatment.

Glottographic measures are not new or untested.
The techniques have been used individually in re-
search laboratories for many years. More recently,
the use of simultaneously recorded glottographic
measures has been advocated by speech scientists as
a reasonable approach to the measurement of vocal
function in normal individuals.?® Our clinical ex-
perience with the application of these techniques to
patients has been encouraging. The described tech-
niques are relatively noninvasive and require no
more time to perform than brainstem evoked audi-

ometry. In fact our clinic recording system is lo-
cated in the same double-walled audio booth that is
used for evoked response recording. Visual analyses
of the recorded signals correspond very well to lar-
yngoscopic and other clinical evaluations of the pa-
tients’ dysfunction yet appear to provide much
greater detail of the vibratory characteristics of the
cords than any existing clinical techniques. Further-
more, measurements from the waveforms hold
some promise of providing quantification of impor-
tant phonatory characteristics.

Data generated from these methods must be in-
terpreted cautiously in light of laryngologic exam-
ination. For example, in patients who adduct the
ventricular vocal folds during phonation (a com-
pensatory strategy in some individuals), the PGG
signal may not represent the glottal area accurately.
In patients who have significant asymmetry in vocal
cord closure (ie, one cord is crossed over the other),
the PGG waveform also may not reflect the glottal
opening, since it may not be oriented perpendicu-
larly to the light.

Although the EGG waveform is obtained easily
in nearly all patients, a few abnormal conditions
can also make interpretation difficult. For example,
the presence of a tissue or mucous bridge between
the vocal folds, or contact of the ventricular folds,
may affect the impedance between the two elec-
trodes in an aberrant manner. Simultaneous record-
ing of several measures with fiberoptic laryngo-
scopic monitoring allows informed interpretation of
the glottographic measures.

Certainly, one of the most appealing features of
these procedures is the graphic picturability of the
waveforms. An overall impression of the pathophy-
siology can be gained rather quickly upon viewing
the PGG and EGG waveform patterns. Moreover,
documentation with quantitative data from the sig-
nals can be obtained. We have used a few tradition-
al measurements such as the open quotient, speed
quotient, and fundamental frequency perturbation.
We have also developed some measures which ap-
pear to differentiate among subjects with differing
pathologies. In addition, other measures may prove
better able to define subtle changes in laryngeal
control in patients with voice disorders. In theory,
given the proper parameters, one may be able to re-
construct the glottal configuration and details of vo-
cal fold tissue movement from glottographic wave-
forms."’

In our clinical practice we find that information
obtained from glottographic studies is often diag-
nostically helpful, particularly in patients with voice
abnormalities associated with neuromuscular disor-
ders. Diagnosis of the dysphonia of a patient who
has a vocal cord carcinoma, nodule, or polyp is fair-
ly straightforward. However, determination of the
cause of dysphonia in the patient who has an ana-
tomically normal larynx may be very difficult un-
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less there is obvious paralysis, paresis, or hyperfunc-
tion that is laryngoscopically visible. Glottographic
techiques appear to offer some insight into the more
subtle vibratory and tension abnormalities that are
associated with pathological phonation in the
otherwise normal-appearing larynx. For example,
glottography, in our experience, reliably documents
the presence of incomplete vocal cord closure. In
some cases, this may be visible laryngoscopically,
but often is not detected without the analysis of ul-
tra-high-speed films. Similarly valuable diagnostic
information, such as indications of abnormally in-
creased vocal fold tension or cycle-to-cycle variabil-
ity in vibration, may be identified and measured in
the waveforms.

The apparent value of the simultaneous record-
ings of glottographic signals requires confirmation
in sizable populations of clinical patients. Our ex-
perience to date indicates that the use of simultane-
ously recorded glottographic signals for better un-
derstanding of phonatory disorders has excellent po-
tential, and such studies are probably well worth-
while. We are currently using these techniques for
the analysis of phonatory disturbances in several
populations of patients with movement disorders.
The voice abnormalities of such patients are rela-

tively poorly understood and often neglected. Glot-
tographic studies of patients with anatomical vocal
cord lesions are also of interest as they appear to
help describe the effect of mass lesions on vocal fold
vibration. Recordings over time may also be useful
to document the results of treatment in a given pa-
tient.

In summary, glottographic measurements appear
to have potential as a valuble component in a multi-
level analysis of voice disorders. Simultaneous re-
cordings of objective measures of glottal vibratory
function are feasible in a clinical setting, and they
appear to differentiate phonatory characteristics of
patients with distinct phonatory abnormalities.
Such measurements must be interpreted in light of
accurate, documented examination of the larynx
during phonation and ideally should be compared
with simultaneously recorded photographic data.
Our experience indicates that information from
these measurements may be useful diagnostically in
individual patients to understand the pathophysi-
ology of abnormal phonatory characteristics, to
plan therapy, and to follow the effects of treatment.
Further data are likely to clarify the potential role
of these techniques in general clinical care of the
voice patient.
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APPENDIX
FORMULAS USED IN GLOTTOGRAPHIC MEASUREMENT

Open quotient:
duration glottis is open

total duration of glottal cycle

Speed quotient:
duration of lateral excursion in ms

duration of medial excursion in ms

Mean frequency perturbation:
¥ absolute difference between consecutive periods in ms

number of periods

Frequency perturbation ratio:
mean frequency perturbation

x1,000
mean period

Mean PGG amplitude:
¥ baseline to peak intensity in volts

number of cycles

Mean PGG amplitude fluctuation:
¥ absolute difference in PGG amplitude between consecutive cycles

number of cycles

PGG - Photoglottograph; DPGG - Differentiated photoglottograph.

PGG amplitude fluctuation ratio:
mean PGG amplitude fluctation

x1,000
mean PGG amplitude

Mean maximum glottal opening velocity:
L baseline to positive peak in the DPGG

number of cycles

Mean maximum glottal closing velocity:
¥ baseline to negative peak in the DPGG

number of cycles

Peak velocity quotient:
mean maximum glottal opening velocity

mean maximum glottal closing velocity

Mean peak velocity fluctuation:

¥ absolute difference between velocity
quotients from consecutive cycles

number of cycles

Peak velocity fluctuation ratio:
mean peak velocity fluctuation

x1,000
mean peak velocity quotient
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Objective and quantitative evaluation of vocal cord function is a goal that has been difficult for voice clinicians to obtain. To be useful
as a clinical screening tool it must be easy to perform, it must produce numerical storable data, it must have a high degree of accuracy, and
it must be cost-effective. The results of this study have shown that using the perturbation factor and the equipment described, a successful
rate of greater than 93% can be obtained in evaluating vocal cord dysfunction. The results further indicate that this equipment can be used
much in the same way as an audiogram to follow-up and clinically evaluate on an objective basis the function of the vocal cords.

INTRODUCTION

The ability to accurately and quantitatively
screen vocal cord function is a goal that voice clini-
cians have long sought. To attain this goal, four ob-
jectives must be met: 1) the method must be easy to
perform; 2) it must produce numerical and storable
data; 3) it must have a high degree of accuracy; and
4) it must be cost-effective. Over the years, many
attempts have been made to achieve these four
criteria. Usually one or two of them have been
satisfied, but the measurement technique has
always fallen short of wide acceptance as a clinical
tool.

Of the many techniques described in the past, the
evaluation of cycle-to-cycle variation of vocal cord
closure or perturbation seems to have been the most
promising.! Liebermann has shown that perturba-
tion can give accurate evaluation of the hoarse voice
in a variety of pathologic conditions.?* Von Leden
and Koike have further applied perturbation to an
analysis of vocal cord disease.* It has been widely
recognized that perturbation is an accurate, quanti-
tative method for evaluating vocal dysfunction. Un-
fortunately, this method has never been widely ac-
cepted by clinicians because of the cumbersome, re-
search-oriented equipment which produces ac-
curate but difficult-to-assemble information. Other
techniques such as spectrographic analysis, har-
monics-to-noise ratios, high-speed photography and
pneumotachography have also been utilized but are
equally difficult to quantitate.5-*

Recently, developments in microprocessors have
enabled the scaling down of the size, cost, and com-
plexity of the equipment necessary to produce an ef-
fective perturbation analysis. The twofold purpose
of this paper is first, to show how the simplified

electronics needed to produce a perturbation factor
can accomplish the four criteria listed for a satisfac-
tory screening procedure, and second, to attempt to
demonstrate the effectiveness of this technique in
the clinical practice of laryngology and speech
pathology.

METHODS AND MATERIALS

To carry out this investigation, patients with a variety of
pathological conditions of the vocal cord were selected. These in-
cluded vocal cord nodules, polyps, and contact ulcers, as well as
unilateral and bilateral vocal cord paralysis, spastic dysphonia,
carcinoma, and functional disorders. All of these patients were ex-
amined either with indirect or fiberoptic laryngoscopy to deter-
mine the type of condition present. Sixty patients with known
vocal cord pathology were used in this study.

Each patient was tested with a Kay Elemetrics Visi-Pitch
(model 6787) to first measure their vocal fundamental frequency.
Then a prototype Digi-Pert expansion module (model 6090) in
tandem with the Visi-Pitch was employed to determine the vocal
jitter or irregularity of vocal cord movement. The fundamental
frequency is produced by a timing circuit to extract from the vocal
signal a voltage which is directly proportional to fundamental fre-
quency and inversely proportional to the fundamental frequency
period. This voltage is then put through a log circuit to make the
voltage logarithmically proportional to pitch frequency. The jit-
ter or roughness characteristic of the vocal cord changes the fun-
damental frequency on a cycle-by-cycle basis. This rapidly chang-
ing nature of vocal cord activity adds an AC component to the
otherwise slowly changing DC pitch voltage from the fundamen-
tal frequency. The perturbation measurement then uses an AC
type voltmeter to filter the output voltage from the fundamental
frequency and to display only the AC (roughness) component.
Since the pitch voltager has been put through a log circuit, the
perturbation display is proportional to the percent of roughness in
the voice. This perturbation is designed to display a numerical av-
erage roughness over a fixed one-third second.

This numerical value is the variation, either higher or lower
than the fundamental frequency, during a one-third second ex-
amination of a steady-state vowel. For example, if the fundamen-
tal frequency is 100 cycles/s and the jitter or perturbation varies
from 95 to 105 cycles/s, then there is a swing of 5 cycles/s on either
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MEAN PERTURBATION RESULTS

Mean Perturbation

Diagnosis Number (% Roughness)

Normal 20 11.20
Nodule 22 100.20
Polyp 14 133.40
Vocal cord paralysis — unilateral 6 150.40
Vocal cord paralysis — bilateral i7 238.50
Spastic dysphonia 5 208.90
Postglottic or supraglottic

aryngectomy 1 476.50
Vocal cord granuloma Il 32.80
Carcinoma 2 85.17
Hysterical dysphonia 2 360.50

side of the fundamental frequency. This is a total of 10 cycles/s
variation. This 10-cycle/s variation over the fundamental fre-
quency gives a 10% figure or a 10% roughness perturbation de-
termination.

Six perturbation measurements were taken from each patient
while they produced steady-state vowels. A mean was taken of
each of these six readings since variations could be found due to
mucus on the vocal cords or to the patient’s natural pitch varia-
tion.

To establish whether these measurements could separate a nor-
mal from a hoarse voice, a series of normal patients were also
analyzed. Twenty normals with random age and sex distribution
were evaluated. There was no distinction made in this study of
normals between smokers and nonsmokers. A normal subject was
considered to be any individual who had no complaints of vocal
cord dysfunction and/or no evidence of vocal cord disease on in-
direct or fiberoptic examination of the larynx. The fundamental
frequency and perturbation measurements for normal subjects
were determined using the above-described technique and equip-
ment. These normal scores were then compared to those of the 60
patients with known pathologic entities.

A statistical analysis was performed to determine whether this
method yielded data that showed a significant difference between
the normal and pathologic groups. Following this, an analysis
was made as to the range of acceptable hoarseness or perturbation
present in the normal voice. This analysis rendered a number of
false-negative values, ie, those who had pathologic conditions on
the vocal cords with normal perturbation scores. The second
analysis indicated the number of false-positives, ie, those who
were normal but exhibited high perturbation scores. To be satis-
factory for this study the results had to show that an accuracy of
90% or better could be obtained with this method in terms of
screening a hoarse from a nonhoarse voice. That is, a false-

positive and false-negative rate of 10% would be considered ac-

ceptable for a screening tool for hoarseness.

RESULTS

The Table displays the mean perturbation scores
and the various pathological conditions studied.
Welch’s test of unequal variances was utilized to
determine if significant differences in perturbation
were present between the normal and pathologic
groups. This test showed that significant differences
were indeed present at the 0.05 level of confidence.

The mean perturbation or percent roughness
scores of 95% of the normal subjects ranged from
0% to 19.6% roughness based on the 120 readings
obtained from the 20 individuals measured. The av-
erage normal perturbation reading was 11.2%.

The range of false-negatives in this study in-

dicated that 6.7% of patients with known vocal
cord pathological conditions were at a level below
19.6 % roughness. This meant that 93.4% of the pa-
tients with known vocal cord pathological condi-
tions had abnormal perturbation scores.

When a figure of 19.6% vocal roughness was
used, 95% of normal individuals fell within the
range indicated with a 5% false-positive rate pres-
ent above 19.6 % roughness.

Based on these results, individuals with perturba-
tion scores below 20 % may be considered lacking
vocal cord pathology with a 6.7 % chance for error.
Patients with readings above 20 % should be further
investigated.

DISCUSSION

Two definitions must be recognized by the clini-
cian in utilizing this technique. One definition is
that of the fundamental frequency of the voice (£,)
and the other is perturbation. Fundamental fre-
quency by definition refers to the actual number of
vibrations per second of vocal cord closure. With-
out pathologic conditions, the fundamental fre-
quency falls into specific ranges and tends to be con-
stant. Perturbation, on the other hand, refers to the
degree of hoarseness of the voice. It is a measure of
inconstancy within the waveform of the funda-
mental. Vocal pathology may cause variation or
asynchrony of vocal cord closure, and therefore, an
increase in perturbation.

Since perturbation scores are a direct measure of
variation in cord closure and hoarseness, they are
thus a direct measure of vocal cord dysfunction.
This conclusion has been demonstrated repeatedly
by many authors. Liebermann has shown that vocal
cord pathology reliably gives high perturbation
scores.>® Von Leden and Koike have further indi-
cated the effectiveness of perturbation results by
correlating them with a variety of pathologic en-
tities.* Other authors have supported the findings of
these articles.'**!

The results of our studies corroborate the findings
of previous authors, specifically that abnormal per-
turbation scores are a direct indication of vocal cord
dysfunction. By assessing normal values of percent
roughness for this procedure, a range of normals
could be established. With a greater than 95% as-
surance, patients with known pathological condi-
tions of the vocal cords will produce abnormally
high perturbation scores. By using 19.6 % roughness
as the upper range of normal, false-negatives were
seen in 6.7% of the cases and false-positives were
seen in 5% of the cases. This means that the pro-
cedure used has a greater than 93% accuracy in de-
termining a hoarse voice.

Because perturbation scores are a measure of
hoarseness, there is now a procedure available that
can directly measure the dysfunction of the voice.
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With the development of improved electronic tech-
niques and microprocessors, this previously cum-
bersome type of instrumentation can now be scaled
down to a clinically useful tool.

This tool, as shown in the present paper, satisfies
the four criteria listed above for a quantitative ob-
jective screening tool. First, the technique is easy to
perform. Our experience has shown that this anal-
ysis can be done within a period of 60 to 90 seconds
and must not necessarily be carried out by a profes-
sional. Second, the results here produce numer-
ically storable data. The subjective determination
of hoarseness is thereby replaced with numerical in-
dex values, which can be processed by a computer
and analyzed for mass screening. Third, the tech-
nique has shown a high degree of accuracy. Ninety-
three percent of patients with known pathological
conditions of the vocal cords show positive results
on their perturbation values. Further, only 5% of
normal individuals showed evidence of perturba-
tion scores outside the range of normal. Fourth, the
technique is cost-effective. It no longer requires a
cumbersome piece of equipment and long hours of
computation to determine a value. The results can
be processed within 60 to 90 seconds on an instru-
ment which costs in the range of a normal audiom-
eter.

This simplified procedure gives the clinician
several useful tools in treating patients. First, the
technique can be used to provide accurate, quanti-
fiable and cost-effective screening of vocal cord dis-

ease. The test results may be used much like an au-
diogram. It has been shown that the incidence of
vocal cord dysfunction (polyps, nodules and chronic
laryngitis) is relatively high in industry.*? Individ-
uals with preexisting vocal cord dysfunction can be
screened and isolated prior to any employment.
Current employees who work in high vocal-risk
areas can be evaluated prior to a medical examina-
tion. Accurate computerized records can be utilized
with this equipment to provide long-term follow-up
on these individuals.

Second, this technique has potential application
as an office tool for the clinician. By performing
baseline perturbation results on hoarse individuals,
objective, quantitative measurements can be ob-
tained. Subsequent follow-up testing can be utilized
to evaluate the progress of treatment. Again, this is
utilized in much the same way as an audiogram.

Several words of caution must be made regarding
the present test. This is not a diagnostic test to
determine a type of disease. Our results indicate
that polyps, nodules, papillomas, granulomas, car-
cinomas, and other vocal cord diseases can give
similar perturbation results (Table). This method
will only indicate the potential of an existent vocal
cord dysfunction. Second, it is not a cancer-detec-
tion technique. Should there be any disease of the
larynx outside the vocal cords, this technique will
most likely be unreliable. Third, this test is not a
substitute for accurate examination of the larynx by
direct or indirect methods.
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Microinjections of botulinum toxin have recently been shown to be effective in the treatment of strabismus, and it has also been sug-
gested that microinjections of this myoneural blocking agent might be of value in the treatment of spastic dysphonia. The success of such a
microinjection technique would rely on a precise knowledge of the distribution of myoneural junctions in the thyroarytenoid muscle. In
view of this potential application as well as the need for such information in reinnervation procedures, we have used computer graphics to
reconstruct the three-dimensional distribution of motor end-plates in the thyroarytenoid muscle. Three cat and one human (fresh autopsy
specimen) larynges were frozen and sectioned on a cryostat. Serial sections were then processed for the histochemical localization of
acetylcholinesterase activity to demarcate the neuromuscular junctions. An X-Y digitizer was used to reference the position of the motor
end-plates in each serial section, and the three-dimensional distribution of the neuromuscular junctions was reconstructed on a computer
graphics terminal. The results are discussed in regard to their applicability to clinical treatment of spastic dysphonia and other disorders of

phonation.

INTRODUCTION

Spastic (spasmodic) dysphonia may be a disabling
voice disorder often referred to as stuttering with
the vocal cords.! It was first described by Traube in
18712 and is characterized by a strained, muffled,
creaking, choking, jerky, squeezed, staccato, effort-
ful voice. Patients with spastic dysphonia, however,
usually have no problem with whispering, singing,
laughing or phonating a high-pitched “EE,” which
usually produces a normal laryngological examina-
tion.? The pathophysiology of the disease is believed
to be due to hyperadduction of the true and false
vocal cords which can be seen using direct videofi-
beroptic laryngoscopy.*

The etiology of spastic dysphonia was originally
believed to be a psychoneurosis, specifically a con-
version-reaction,®* since a history of a stressful event
preceding the onset of symptoms could usually be
elicited. Recently there have been reports of the
possibility of an organic etiology for the disease as
well. Robe et al” have shown that 90% of these pa-
tients displayed abnormal electroencephalograms
and 83% had pyramidal tract signs. Aronson and
Hartman® have shown that spastic dysphonia is of-
ten associated with essential voice tremor. Dedo et
al®> and Boccino and Tucker® reported demyelina-
tion in segments of recurrent laryngeal nerves ex-
cised from patients with spastic dysphonia, but
Ravits et al'® were unable to confirm this.

Early therapy for spastic dysphonia based pri-
marily on voice and psychotherapy has been largely

unsuccessful.®!' Recently, however, Dedo'? and
Dedo and Izdebski*® have achieved good results by
transecting the recurrent laryngeal nerve unilater-
ally. Other modifications of this procedure have
been suggested in order to prevent permanent loss
of one recurrent laryngeal nerve in case the contra-
lateral nerve is paralyzed subsequently. These in-
clude the recurrent laryngeal nerve crush'* and se-
lective section of the anterior branch of the recur-
rent laryngeal nerve.'*:'¢

Recently, microinjections of botulinum toxin in
selected extraocular muscles have been shown by
Scott'” to be effective in the treatment of strabis-
mus. Carefully administered microinjections of this
myoneural blocking agent may also be helpful in
the treatment of spastic dysphonia. In order to pro-
vide guidance for successful injections into the vocal
cords as well as to provide important information
for the design of reinnervation procedures, it would
be useful to know the precise distribution of the
motor end-plates in the thyroarytenoid (TA) mus-
cle. Previous work has demonstrated innervation
patterns'® (specifically motor-fiber types) and
specific aspects of the synapses,'® but the motor end-
plates have not been visualized three-dimensional-
ly. In the present study we have used computer
graphics to reconstruct in three dimensions the
distribution of motor end-plates in the TA muscle of
the cat and human.

MATERIALS AND METHODS

Three cat and one human (fresh autopsy specimen) larynges
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were frozen in n-methyl butane cooled to its freezing point with
liquid nitrogen. Two parallel holes were drilled through each speci-
men perpendicular to the plane of sectioning to aid in the three-
dimensional reconstruction. The specimens were then mounted
on microtome chucks with Tissue Tek OCT compound. The thy-
roid cartilage was removed from the human larynx before section-
ing. Ossification of the thyroid cartilage precluded sectioning
without prior decalcification which would have destroyed acetyl-
cholinesterase (AChE) enzyme activity. The specimens were then
sectioned (50 pm) coronally in a cryostat, mounted on coverslips,
and allowed to dry at room temperature. The AChE activity of
the motor end-plates was localized histochemically according to
Karnovsky and Roots?*® using an incubation time of one hour.
Prior to incubation, the sections were preincubated (4°C; 15
minutes) in a solution consisting of 6.5 mL 0.1M sodium hydrogen
maleate (pH 6.0), 1 mL 10°M iso-OMPA (tetra-isopropylpyro-
phosphoramide; selective inhibitor of pseudocholinesterase) and
2.5 mL distilled water, in order to allow the inhibitor to diffuse
into the tissue before the histochemical reaction. The incubation
was carried out at 4°C in a solution containing 5 mg acetylthio-
choline iodide, 6.5 mL 0.1M sodium hydrogen maleate (pH 6.0),
0.5 mL 0.1M sodium citrate, 1 mL 30 mM CuS04, 1 mL 107 iso-
OMPA and 1 mL of 5 mM potassium ferricyanide. After the histo-
chemical reaction was completed, the coverslips were mounted in
glycerin jelly. The distributions of neuromuscular junctions were
then examined in numerous serial sections from each specimen.
Three to five sections were taken from each series at regularly
spaced intervals in order to produce a simplified and representa-
tive computer reconstruction of the three-dimensional distribu-
tion of motor end-plates. These sections were projected from an
Aus Jena Dakumator DL2 onto the screen of a backscreen pro-
jector. A computer (Cyberchron C11/23 minicomputer) inter-
faced X-Y digitizer (Numonics 1220) was then used to reference
the position of the motor end-plates in each serial section. The
three-dimensional distribution of motor end-plates was recon-
structed on the screen of a Tektronics 4027 graphics terminal us-
ing a program written by a member of our anatomy department.

RESULTS

The results in both the human and the cat were
similar. A representative section through a cat and a
human true and false vocal cord is shown in Figures
1A and 2A. The locations of motor end-plates ap-
pear as darkly stained dots which indicate the sites
of high AChE activity characteristic of neuromus-
cular junctions. The short incubation time used in
this histochemical technique insured that only
motor end-plates would possess sufficient AChE to
stain darkly.

The appearance of motor end-plates in the crico-
thyroid muscle of the cat represents the typical ar-
rangement found in most muscles (Fig 3). In such
muscles the motor end-plates are usually found in a
band along the midpoint of the muscle. Motor end-
plates in the TA muscle were arranged very differ-
ently. Figures 1B and 2B represent the computer-
based three-dimensional reconstruction of the mo-
tor end-plates of the cat and human, respectively.
Only the outlines of the muscles are shown for sim-
plicity. The crosses represent the motor end-plates.
The end-plates are diffusely located throughout the
TA muscle rather than limited to a band or any
other clustered configuration.

Furthermore, a substantial number of motor end-
plates were scattered in the false vocal cord. Al-
though this structure mainly contains glandular ele-

ments and adipose tissue, a variable number of
muscle fibers may be seen in routine histological
preparations of the larynx. The location of the
motor end-plates for these muscle fibers has never
been demonstrated.

DISCUSSION

Spastic dysphonia continues to be a disabling
voice disorder which places great strains on the pa-
tient’s personal and social life. Whether the disease
is primarily psychogenic or organic, some form of
therapy is often required to alleviate the symptoms.
Somewhat effective treatment has been provided by
unilaterally denervating the larynx either perman-
ently (recurrent laryngeal nerve transection) or
temporarily (recurrent laryngeal nerve crush). Both
of these open surgical procedures require general
anesthesia with the risk of damaging major struc-
tures in the region of the recurrent laryngeal nerve.
Moreover, transection of the recurrent laryngeal
nerve can create a severe airway problem if the con-
tralateral vocal cord is subsequently paralyzed by
another process.

The use of botulinum toxin in the treatment of
spastic dysphonia may have several advantages.
First of all, the paralysis is related to dose. This
would allow evaluation of response during injec-
tion. Second, the procedure can be performed endo-
scopically using local or general anesthesia. Third,
the response can be titrated. Since a single injection
lasts anywhere from weeks to months, periodic in-
jections could be used until the voice stabilized at a
functional level.

The major risk associated with this technique for
rendering muscles paralyzed is the toxicity of the
botulinum toxin. If the amount of toxin used is large
and not limited to the muscle fibers of concern,
nearby muscle systems responsible for actions other
than phonation may also be affected. In order to
control its placement the toxin must be used in small
amounts injected precisely into the location of the
motor end-plates. Most muscles, including prob-
ably most other laryngeal muscles, contain motor
end-plates compactly arranged in a band at the
midpoint of the muscle belly. However, the TA
muscle has its end-plates diffusely distributed
throughout the muscle. This diffuse arrangement of
end-plates probably reflects the complex makeup of
the TA with muscle fibers oriented along many vec-
tors and inserting on various structures in the
larynx.

The distribution of end-plates in the TA provides
guidance for the microinjection of the toxin into the
vocal cord. Multiple injections covering all areas of
the muscle rather than a single locus at its midpoint
would be optimal in order to achieve complete pa-
ralysis of the cord. It is conceivable that various de-
grees of TA paralysis may be desired in the treat-
ment of other spastic voice disorders. Perhaps even
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Fig 1. A) Representative section through cat true
vocal cord (thyroarytenoid [TA]) and false vocal
cord (FVC). Motor end-plates (darkly staining dots)
are labeled MEP and are also found in FVC. V -Ven-
tricle; G - Glandular elements. B) Three-dimen-
sional computer reconstruction of motor end-plates,
represented by crosses, in cat. Orientation is same as
in A. Distances between sections is proportional and
dependent on angle of rotation. P - Posterior; A

-Anterior.
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Fig 2. A) Representative section through human true vocal
cord (thyroarytenoid [TA]) and false vocal cord (FVC). Motor
end-plates (MEP) (darkly staining dots) can be seen in both
TA and FVC. V - Ventricle. B) Three-dimensional computer
reconstruction of motor end-plates, represented by crosses, in
human. Orientation is same as in A. A - Anterior; P - Poster-
ior.
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the voice rest desirable after vocal or surgical
trauma may be insured by a titrated toxic paralysis.
However, it will be important to obtain more spe-
cific information concerning the long-term effects
of botulinum toxin on the TA and its innervation
through the use of animal models before such an ap-
plication can be responsibly considered.

The number and arrangement of motor end-
plates in the human false vocal cord was somewhat
unexpected. The variable number of muscle fibers
often observed in this region are usually regarded as
a derivative of the TA muscle. However, the recent
study of Rosenburg, Malmgren and Gacek (unpub-
lished observations) indicating the possibility of sig-
nificant numbers of motor axons in the internal
_branch of the human superior laryngeal nerve, sug-
gests that these muscle fibers innervated by the
superior laryngeal nerve may belong to a separate
muscle contained in the false cord. Further experi-
mental studies can be designed to answer this ques-

tion definitively. Nevertheless, this observation sug-

gests that botulinum toxin may also be considered in
the treatment of spastic voice disorders caused by
hyperadduction of the false cords (dysphonia plica
ventricularis).

Several factors could account for the diffuse end-
plate distribution observed in the TA muscle.
Unlike muscle fibers found in most other adult
mammalian muscles, muscle fibers in the human
TA muscle have multiple motor end-plates.'®?!
Since the distances between end-plates on the same
fiber have been indicated to be as great as 5,640u,'®
the existence of multiple motor end-plates innervat-
ing muscle fibers in the TA would contribute to the
observed diffuse end-plate distribution. In addi-
tion, the TA muscle is geometrically complex in that
fibers in this muscle differ from one another in their

Fig 3. Typical band arrangement of
motor end-plates (MEP) as seen in cat
cricothyroid muscle (CT).

attachment sites. If it is assumed that there would
be a tendency for motor end-plates to be located at
midlength along the muscle fibers, this geometrical
complexity might also contribute to a more diffuse
end-plate distribution in the TA than in other mus-
cles.

Our finding of a diffuse end-plate distribution in
the human TA may offer a clinical advantage. The
end-plates are sufficiently separated from one
another to allow selective, regionally limited micro-
injections of the toxin that would inactivate only
the end-plates in a specific region of the TA. Little
information is available concerning motor unit ter-
ritories in the human TA, and it is as yet unclear
whether the multiple end-plates on a single muscle
fiber originate from single or multiple neurons.'®:2?
It has been indicated that the majority of type 1
muscle fibers have multiple motor end-plates, while
the majority of type 2 fibers have single motor end-
plates.'® If the diffuse end-plate distribution in the
TA is due to a dislocation of multiple motor end-
plates away from the more typically observed cen-
tral band of end-plates, the end-plate distribution
in the TA may be specific to the muscle fiber type
(and type of motor unit). If this is the case, it would
be likely that the majority of type 2 fibers, which
generally have single motor end-plates, would have
their end-plates at midlength along the fiber. The
majority of type 1 fibers would have multiple motor
end-plates with end-plates spread along the length
of the fiber. If this distribution in fact exists, it
would be possible to selectively paralyze type 2
motor units by injection in the region of the TA
where their single end-plates are clustered. This
would presumably also inactivate some of the end-
plates of type 1 fibers found in the same region.
However, since the majority of these fibers differ
from type 2 fibers in that they have additional end-
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plates at other sites along the fiber, a greater pro-
portion of the type 1 fibers would probably remain
active following such an injection. In most muscles
the motor unit type is closely correlated with the
position of the motor unit in the recruitment se-
quence, the motoneuron/muscle-fiber ratio, as well
as a variety of physiological properties including the
fatigue resistance and the speed of contraction.?*-2¢
Type 1 motor units are generally recruited early,
while type 2 motor units are recruited late in the se-
quence. Type 1 motor units are also generally
smaller than type 2 units. Therefore, a selective
paralysis of type 2 motor units would be expected to
have a greater effect on large motor units that gen-
erate large tensions late in the recruitment se-
quence. The selective inactivation of such motor
units may help to reduce the hyperadduction char-
acteristic of spastic dysphonia. In addition, such a
selective tool may prove to be of value in the treat-
ment of other phonatory disorders.

It has been demonstrated that a wide variety of
exogenous macromolecules may be taken up at neu-
romuscular junctions and transported to the neu-
ronal cell body.?” Therefore, a knowledge of the
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Videolaryngoscopy is a most useful and effective method of evaluation and documentation of physiological and pathological condi-
tions of the larynx. It is of great value for making accurate diagnosis and planning proper treatment. It permits instant and simultaneous
voice and video recording and later analysis. Videolaryngoscopy can be accomplished with either a flexible fiberscope or a rigid right-
angled telescope. Fiberscopic videolaryngoscopy is more useful for voice analysis of speech disorders and evaluation of such functions of the
larynx as phonation, singing, and swallowing. Telescopic videolaryngoscopy is superior for critical evaluation of anatomical and
pathological changes of the laryngeal structures as well as close-up examination of vocal cord function. While fiberscopic laryngoscopy is
technically easy, fiberscopic video documentation is much more difficult than telescopic video documentation. Telescopic videolaryngos-
copy provides clearer and sharper images of the larynx. Advantages and disadvantages of each method are discussed.

Videolaryngoscopy — laryngoscopy using a video
camera and a fiberscope or a telescope — is a most
useful and effective method of evaluation and docu-
mentation of physiological and pathological condi-
tions of the larynx. It can be accomplished using
either a flexible fiberscope!"** or a rigid right-angled
telescope.'>-%*

Since the introduction of flexible fiberoptic lar-
yngoscopy by Sawashima and Hirose in 1968,' the
flexible fiberscope has been used for various condi-
tions of the larynx, including evaluation of voice
therapy,®!? postlaryngectomy speech,* stuttering,®
spastic dysphonia,® and difficult endotracheal intu-
bation 271

One of the most significant advances in endo-
scopic photography is the development of the tele-
scope with the new rod lens system by Hopkins.'*
The air-containing spaces between the conventional
series of lenses have been replaced with glass rods,
with polished ends separated by small “air lenses.”
The optics of this new invention are such that light
transmission and magnification are significantly in-
creased, thereby providing a brighter and more

easily perceived image and the improved resolution

of depth. Perhaps the most attractive feature of this
telescopic system is the ease with which the video
camera can be coupled with the telescope.'® Tele-
scopic videolaryngoscopy has been widely used for
examination and documentation of laryngeal dis-
eases.'*?* A simple method of videolaryngoscopy,
using a right-angled telescope and a low-cost home
video color camera was described by Yanagisawa et
al in 1981.%!

The purpose of this paper is to present our experi-
ence with fiberscopic and telescopic videolaryngos-

copy and compare them in the documentation of
physiological and pathological conditions of the
larynx.

EQUIPMENT

VIDEO CAMERA

There are several fine quality miniature color
video cameras specially designed for endoscopic
documentation (Circon, Zeiss-Circon, Medicon,
Olympus, and Syn-Optics). We have tried most of
these and found them to be “almost equally effec-
tive.” The cost of these cameras is, however, often
prohibitive for the practicing otolaryngologist. Be-
cause of recent technological advances and wide-
spread use of home video equipment, many com-
pact, low-cost, portable color video cameras have
now become available. A number of home video
cameras have been tried for videolaryngoscopy; one
of these, the Panasonic WV-3150 (or WV-3160)
Newvicon color camera, fulfilled many require-
ments of laryngeal videotaping (Fig 1). We primar-
ily used this camera for our study. This camera is an
improved model of the WV-3100 previously des-
cribed.*

The Panasonic WV-3150 is a fully self-contained,
compact, and lightweight color camera. It weighs
2.75 kg. The camera has a 16-mm integral stripe
filter electrostatic focus, magnetic deflection,
separate mesh Newvicon tube (“low light” tube
equivalent to Saticon). It receives its power from a
Panasonic portable video cassette recorder (VCR)
or an AC adapter. The 35-mm viewfinder, which is
also used for VCR playback, is mounted on the
camera head and its position can be easily changed
so that the examiner can view the larynx during the
procedure. The WV-3150 comes with telephoto lens
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Fig 1. Panasonic WV-3150 home video color camera. Tele-
photo lens of camera is removed and replaced with video
camera adapter to which fiberscope or telescope is at-
tached.

6:1 (12.5 to 75 mm) f1.4 power zoom for routine
televising.

The WV-3160 comes with 12:1 (10 to 120 mm
£2.0) power zoom. The only difference between
these two models is their zoom lens. Since the lens is

not used for videolaryngoscopy, the less expensive
WV-3150 model is recommended.

The zoom lens is detachable and a video adapter
can be connected to the C-mount coupler on the
camera body. A convenient power switch allows the
camera to be turned off when not in use. This will
spare the Newvicon tube. Another advantage of this
camera is that its pistol grip is adjustable and can be
turned in such a way that the examiner can hold the
pistol grip comfortably in one hand.

The price of this camera at the time of this
writing is about $900 to $950 ($1,000 to $1,100 for
WV-3160).

It is important to emphasize that not all the home
video cameras can be used for this videolaryngos-
copy with a rigid telescope. Only the cameras
equipped with a detachable lens, a C-mount coup-
ler, and an adjustable or detachable hand-grip can
be used for this technique.

In some cases, the JVC KY-2000 camera was also
used with Wittmoser’s articulated arm (Karl Storz).

LARYNGOSCOPES

Videolaryngoscopy can be accomplished with a
flexible fiberoptic nasopharyngolaryngoscope or a
rigid right-angled telescopic laryngoscope.

Flexible Fiberscopes. Two commonly used fiber-
scopes are 1) the Olympus ENF-P flexible fiber-
scope, and 2) the Machida ENT 4L (or ENT 3L)
nasopharyngolaryngoscope. We used the Olympus
ENF-P for this study (Fig 2A). We also used the
Olympus ENF-L flexible fiberscope in some cases.

Fig 2. A) Olympus ENF-P flexible fiberscope. B) Naga-
shima SFT-1 rigid telescope.

The Olympus ENF-P is a slim scope 3.7 mm in
diameter. It gives the wide angulation range, speci-
fically 130° up and 90° down, providing easy and
comfortable maneuverability. Simple thumb-move-
ment control of tip bending in the ENF-P is an ob-
vious advantage over designs with a knob on one
side of the control head that calls for two-handed
control. This is particularly true when it is used
with the video camera.

Rigid Right-Angled Telescopes. Right-angled tel-
escopes more commonly used today are 1) the Berci-
Ward indirect laryngopharyngoscope with Hopkins
telescope (8702D), 2) the magnifying laryngoscope
with Hopkins telescope (8704D), 3) Stuckrad mag-
nifying laryngoepipharyngoscope (Wolf), and 4)
Nagashima SFT-1 laryngoscope.'***?* We primarily
used the Nagashima SFT-1 laryngoscope for this
study (Kelleher Medical) (Fig 2B). The cost at the
time of this writing is $2,630. The Berci-Ward and
Wolf magnifying telescopes were also used in some
cases.

The Nagashima laryngoscope is a single inte-
grated unit composed of a telescope and a light
transmission system. It measures 24.5 cm in length
and 9 mm in outer diameter. The angle of the prism
at the tip of the laryngoscope is 70°, providing a
right-angled view of the larynx. The rectangular
outlets on each side of the lens offer well-balanced
illumination of the viewing field. Each measures
approximately 2 x 4 mm. The front lens diameter
measures 4 x 3 mm. It gives a clear view of the
larynx.

The telescope is connected to the 60-mm attach-
ment lens on the video camera and its fiberoptic
light cable to a xenon light source.

Light transmission of the Nagashima laryngo-
scope was excellent and provided brighter defini-
tion of the image than other endoscopes we tried.
The reasons for this appeared to be the wide di-
ameter of the telescope, the newer optical lens sys-
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Fig 3. Video adapters. A) Nagashima video adapter (F-60
mm); B) Olympus video adapter AR-L2 with MC-08; C)
Circon video adapter (MB 9885).

tem it employed, integration of the light cable into
the telescope without a connecting joint, and a
higher number of fibers in the light-transmitting
system. The laryngoscope requires no additional
light cable nor a special photographic sheath.

LIGHT SOURCE

The xenon cold light fountain (Karl Storz 487C),
which produces approximately 6,000 K (“instant
sunlight”) and 300 W, was used for both fiberscopic
and telescopic video documentation. The xenon
light source is indispensable at present for satisfac-
tory fiberscopic laryngoscopy.

VIDEO (CINE) ADAPTER

The Circon cine adapter and Olympus AR-L2
(Fig 3) were used with the Olympus ENF-P fiber-
scope for fiberoptic laryngoscopy. We also experi-
mented on our own cine adapter system consisting
of a regular SLR camera lens and adapters. The
Nagashima video adapter (60 mm) (Fig 3) was used
with the Nagashima laryngoscope for telescopic
videolaryngoscopy.

VIDEO RECORDER AND MONITOR

Technically, any three-fourths inch (18-mm) or
one-half inch (12.5-mm) video recorder can be
"used.  Three-fourths inch Sony video cassette
recorders V02610 and V05600 were used in this
study. When needed, the three-fourths inch video-
tapes can be transferred to a one-half inch format

through a series of commercially available coupling -

devices. A color monitor is ideal for televised
laryngoscopy, but a more economical portable color
television may be substituted.

METHOD

For telescopic videolaryngoscopy, the Nagashima laryngoscope
was used in the majority of cases. The Berci-Ward laryngoscope
(Karl Storz 8702D) and Stuckrad magnifying laryngoscope (Wolf)
were used in some cases.

The patient and examiner sit facing each other (Fig 4). The soft
palate and the posterior half of the tongue are topically anesthe-
tized with 2% tetracaine hydrochloride (Pontocaine) solution.
The telescope is connected to the video camera via the video
adapter and its fiberoptic light cable to the xenon illuminator (Fig
4). The tip of the telescope is dipped in warm water and dried to
prevent fogging of the lens during the examination. The video
camera and then the illuminator are turned on. The xenon illu-
minator is set in the medium filming mode. The examiner holds

r

Fig 4. Technique of telescopic videolaryngoscopy. Larynx
is viewed and centered on screen of TV monitor next to pa-
tient.

the video camera in one hand and inserts the telescope into the
mouth while holding the patient’s tongue with the other hand
(Fig 4). When the desired image appears on the monitor screen,
video recording is begun. The laryngeal image is centered on the
screen by using the viewfinder of the camera or the television
monitor.

For fiberscopic videolaryngoscopy, the Olympus ENF-P was
primarily used with the Circon TV adapter or Olympus AR-L2
adapter. In some cases the Karl Storz adapter was used. We also
experimented with our own video adapter system which will be
reported later.

The nose is first examined and sprayed with 3% ephedrine to
admit the fiberscope without traumatizing hypertrophied tur-
binates. The side of the nose without septal spur and with wider
air passage is chosen. The nose is lightly anesthetized with 2%
tetracaine hydrochloride spray. The tip of the flexible fiberscope
is lightly lubricated and inserted into the nose gently (Fig 5).
While observing the viewfinder of the camera or the monitor, the
fiberscope is gradually advanced until it reaches the posterior wall
of the nasopharynx. Then the tip is bent downward and the fiber-
scope advanced. The epiglottis is soon visible. The scope is passed
to the level of the epiglottis, the larynx is centered on the screen,
and the patient is ready for videotaping.

Every effort should be made to stabilize the camera and the
laryngoscope to prevent image movement during videotaping. In
some cases the camera was mounted on the tripod and the patient
passed the fiberscope into the nose with one hand while adjusting
the control knob of the fiberscope with the other hand.

An articulated optical attachment was used in some cases be-
tween the fiberscope and the video adapter.

For both fiberscopic and telescopic videolaryngoscopy, the
larynx was examined and videotaped on 1) respiration, 2) phona-
tion, 3) singing, 4) effort closure, and 5) swallowing.

RESULTS

Of the 150 consecutive patients who had tele-
scopic videolaryngoscopy, the procedure was suc-
cessfully performed in all but five patients who
could not tolerate the procedure because of anxiety
and/or hyperactive gag reflex.

Of the 50 consecutive patients who had fiberscop-
ic videolaryngoscopy, the procedure was success-
fully performed in all but two patients. One patient
had a hypersensitive gag reflex and complained of
severe pain in the nose. He was found to have a
sharp septal spur. Another patient developed
laryngospasm during the procedure as the tip of the
fiberscope touched the false cords. He became
restless and his color turned blue. The fiberscope
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Fig 5. Technique of fiberscopic laryngoscopy. Examiner
holds fiberscope and adjusts position of tip of fiberscope in
one hand while holding camera in other hand.

was immediately removed. He fell to the floor and
became unconscious. After immediate establish-
ment of his upper airway and pounding of the
chest, his color improved and he regained con-
sciousness. There were no further complications.

PHYSIOLOGICAL FUNCTION

Respiration. During quiet inspiration the vocal
cords abduct, widening the glottis (Fig 6A,C). Dur-
ing expiration they adduct slightly toward the mid-
line (Fig 6B,D). The larynx moves as a body during
respiration, downward during inspiration, and up-
ward during expiration.?®

These subtle changes of the vocal cords were well
visualized by both the fiberscope and the telescope.
Minute changes of vocal cords were, however, bet-
ter appreciated by telescopic videolaryngoscopy
(Fig 6C,D). The fiberscopes provided a panoramic
view of the entire larynx, including the epiglottis,
but even upon careful observation, fine mucosal
change could not be well appreciated (Fig 6 A,B).

Phonation. Normal conversational speech could
only be documented well by fiberscopic videolaryn-
goscopy (Fig 6E). When the tongue was held for-
ward for telescopic documentation, the speech was
distorted and difficult to understand.

Vibration of vocal cords during “eeh” phonation
could be clearly demonstrated and videotaped by
the telescope (Fig 6F-H). Fine segmental movement
of the vocal cords at different frequencies could be
well appreciated. With high-pitched sound, not on-
ly the true vocal cords but also false cords, aryepi-
glottic folds, and the entire wall of the hypopharynx
vibrated.

Singing. Observation of the larynx during singing
could much more effectively be studied by fiber-
scopic videolaryngoscopy (Fig 6I). Telescopic vid-
eolaryngoscopy provided a very poor, inadequate
view of the larynx and distorted the singing voice.
During singing, the vocal cord could not be seen ex-
cept when the singer inhaled (Fig 6]). When simple
effortless phonation was made, the entire vocal cord

could be well seen; this was not true during forceful
effortful singing. The entire larynx moved and ap-
peared to close and pull the base of the tongue
backward, thus obstructing the laryngeal image by
the base of the tongue and epiglottis even though
the tongue was held tight (Fig 6]).

Fiberscopic videolaryngoscopy provided an un-
obstructed view of the entire larynx, and the vibra-
tion of the vocal cord as well as the epiglottis, base
of the tongue and the lateral and posterior pharyn-
geal walls, could easily be demonstrated by video-
laryngoscopy. For the study of the singing larynx,
this is a superior method of demonstration and
documentation (Fig 6E,I).

However, since the epiglottis moves up and down
and tends to cover the anterior part of the vocal
cord, the tip of the fiberscope may have to be care-
fully placed at the right height, usually just above
the level of the tip of the epiglottis. When the tip
was brought close to the vocal cord, then the epi-
glottis touched the fiberscope, making it difficult to
sing. Fogging of the tip of the fiberscope was one of
the problems during the examination. This could be
eliminated by having the patient swallow. In this
way, the lens of the fiberscope was wiped clean by
the epiglottis or base of the tongue and a clear view
of the larynx was obtained.

Glottal Effort Closure. Video photography could
better be accomplished by telescopic photography
because this gave an unobstructed view of the entire
vocal cords since the tongue is pulled outward. Both
light and forceful coughing were easily observed.
Slow motion is easily obtained with the recorder’s
pause and slow-motion features. The fiberscopic ex-
amination could not show the entire phase of
coughing because the epiglottis moved too much
and prevented good visualization of the vocal cords
(Fig 6K,L). This also produced repeated glares on
the TV monitor. Telescopic examination is an ex-

cellent way to study this vital function of the larynx
(Fig 6M-P).

Swallowing. One of the chief functions of the
larynx is to protect the lungs from ingestion of solids
and liquids. Consequently, closure of the airway
during swallowing is essential. The epiglottis serves
as a laryngeal shield to direct swallowing of food
laterally into the pyriform fossae and away from the
midline laryngeal aperture. This protective func-
tion is enhanced by elevation of the larynx toward
the nasal cavity during the height of the deglutition.
The corniculate and the cuneiform cartilages are
contained in the aryepiglottic folds to provide stiff-
ness and support to these structures.

The larynx was observed while the patients swal-
lowed liquids and pills (Fig 6Q-T). The function of
swallowing is better studied by the flexible fiber-
scope. Since the tongue is held in telescopic laryn-
goscopy, it is impossible to see the active swallow-
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COMPARISONS OF FIBERSCOPIC AND TELESCOPIC VIDEOLARYNGOSCOPY

Fiberscopic Videolaryngoscopy

Telescopic Videolaryngoscopy

Laryngoscope

Video camera

Adapter

Olympic ENF-P
Total length 475 mm

Outer diameter 3.7 mm
Approx cost $3,000

Panasonic Newvicon

WYV 3150 ($900-1,000)

WYV 3160 ($1,000-1,100)
Circon ($9,000 & up)
JVC KY-2,000 (approx $10,000)

Olympus AR-L2 with MC-08

Nagashima SFT-1

Total length 245 mm
Outer diameter 9 mm
Approx cost $2,630

Panasonic Newvicon
WYV 3150 ($900-1,000)
WV 3160 ($1,000-1,100)

Nagashima video adapter

Circon (£-60 mm)
Image resolution Fair-good Excellent
Patients” acceptance Excellent with topical anesthesia Very good-excellent with topical
anesthesia
Physiology-phonation (vocal cord
vibrationf Fair-good Excellent minute detail
Respiration Excellent Excellent
Effort closure (coughing) Very good Very good-excellent
Swallowing Excellent Not recommended for fear of aspiration
(difficult to swallow with tongue
pulled)
Singing Excellent (for singers and profes- Poor, “distorted” voice (both visualization
sionals) and voice recording)
Pathology
Clarity Very good Excellent
Upper border of tumor Excellent Excellent
Lower border of tumor Very good Poor
ing, or it may even be dangerous since there is a COMMENTS

chance of aspiration of ingested material.

PATHOLOGICAL CONDITIONS

Pathological states of the larynx could be studied
effectively either by fiberscopic or telescopic ex-
amination (Fig 6U-X). While the upper extent of a
tumor could be appreciated well either by the fiber-
scope or the telescope, the lower end could be better
visualized and documented by fiberscopic examina-
tion. This is because the tip of the small size fiber-
scope could be passed beyond the area of the ob-
struction. However, this examination should be
done with caution, since it may precipitate laryngo-
spasm. It should be done under light topical anes-
thesia and with the emergency upper airway equip-
ment near at hand. In general, telescopic documen-
tation provided a much clearer, sharper image on
the screen than the fiberscopic laryngoscopy (Fig
6V.,X). In case of paralysis of the vocal cord, the
shortening of the true and false cords on the normal
side could be better appreciated by telescopic obser-
vation than fiberscopic observation.

Both fiberscopic and telescopic videolaryngos-
copy have advantages and disadvantages (Table).

One of the most significant advantages of fiber-
scopic laryngoscopy is the ease of the examination.
Fiberscopic videolaryngoscopy is the procedure of
choice for children or hypersensitive adult patients
whose larynx cannot be examined either by a mirror
or a telescope. The use of the fiberscope may pre-
vent unnecessary direct laryngoscopy under general
anesthesia for these patients.

Fiberscopic videolaryngoscopy is of great value
for voice analysis of functional and organic dis-
orders and for evaluation of the physiological func-
tions of the larynx. Respiration, phonation, glottal
effort closure, and swallowing can be studied effec-
tively with the fiberscope. It is very useful for the
voice therapist or speech pathologist because they
can demonstrate normal and abnormal speech pat-
terns both to the patient for counseling and in order
to teach about such functional disorders as psycho-
genic dysphonia, spastic dysphonia, and stutter-

< Fig 6. Representative video images of laryngeal conditions photographed from TV monitor screen. A,B) Olympus ENF-P, JVC
KY-2000. A) Inspiration; B) Expiration. C,D) Nagashima SFT-1, Panasonic WV 3150. C) Inspiration; D) Expiration. E) Olympus
ENF-P, JVC KY-2000. Phonation. F-H) Nagashima SFT-1, Panasonic WV 3150. F) Phonation at low pitch; note only minimal vi-
bration of true cords. G) Phonation at medium range intensity; note increased range of vocal cord vibration. H) Phonation at high
pitch and intensity; note intense approximation of vocal cords. I) Olympus ENF-P, JVC KY-2000. Singing; note entire vocal cords
are visible. J) Nagashima SFT-1, Hitachi HV 9015. Singing; epiglottis obstructs visualization of vocal cords. K) Olympus ENF-P,
Panasonic WV 3150. Effort closure; note beginning of approximation of false cords. L) Olympus ENF-P, Panasonic WV 3150. Ef-
fort closure; note closure of laryngeal inlet by arytenoids, false cords, and epiglottis. M-P) Nagashima SFT-1, Panasonic WV 3150.
Coughing. M) Approximation of true vocal cords. N) Elevation of arytenoids, approximation of false cords, posterior displacement
of epiglottis. O) Complete enclosure of laryngeal inlet just prior to expulsion. P) Inspiration immediately after coughing. Q-T)
Olympus ENF-P, Panasonic WV 3150. Swallowing. Q) Swallowed capsule in vallecula. R) Capsule entering pyriform sinus. S)
Capsule at bottom of pyriform sinus. T) Disappearance of capsule into esophagus. U) Olympus ENF-P, Panasonic WV 3150.
Squamous carcinoma of aryepiglottic fold. V) Nagashima SFT-1, Panasonic WV 3150. Squamous carcinoma of aryepiglottic fold.
W) Olympus ENF-P, Panasonic WV 3150. Papilloma of larynx. X) Nagashima SFT-1, Panasonic WV 3150. Papilloma of larynx.
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ing.*#%12 Fiberscopic videolaryngoscopy is very
useful for singers to study and improve their own
methods of singing. It also provides an opportunity
to observe and document disorders of the upper air-
way structures such as the nasal cavities, nasophar-
ynx, the posterior surface of the soft palate, as well
as the larynx.

Some of the disadvantages of fiberscopic video-
laryngoscopy are: 1) it provides smaller, less clear,
more distorted pictures of the larynx, 2) it requires a
very powerful light source (xenon) for videotaping
because of the small size of the fiberscope (3 mm in
diameter) and the long distance between the larynx
and the camera (475 mm), and 3) it may not dem-
onstrate minor mucosal changes and early lesions of
vocal cords clearly.

Telescopic photography provides much clearer,
sharper, brighter, and larger images of the larynx.
For documentation of anatomical or structural
changes of the larynx, telescopic videolaryngoscopy
is far superior in our experience (Fig 6C,D,F-H,
M-P). The most significant advantage of telescopic
videolaryngoscopy is the clear video image of high
resolution. Photography of the laryngeal image on
the TV screen produces surprisingly good pictures
(Fig 6A-T).

Although telescopic videolaryngoscopy is not ideal
for evaluation of speech and singing, the vibration

of vocal folds on phonation is much more clearly
shown by this system than by fiberscopic videolar-
yngoscopy. The vocal cords usually vibrate at 100 to
300 Hz during normal conversation and even at
1,000 Hz or more during singing.?” For observation
of such vibrations, stroboscopy and ultra high-speed
photography have been recommended.?” Strobos-
copy is very useful for clinical purposes. Ultra high-
speed photography has been employed chiefly for
research and clinical purposes. The apparatus for
these methods is too expensive and the data process-
ing is too time consuming for most clinicians. The
authors feel that telescopic videolaryngoscopy is the
simpler and far less expensive method of observa-
tion of vocal cord vibration. The changes of vocal
cord vibration by different pitch can also be observed.*

For precise evaluation and adequate documenta-
tion of both functional and structural changes of the
larynx, the authors recommend the use of the tele-
scope as a basic tool and the fiberscope as a backup
or supplemental equipment.

Some of the disadvantages of telescopic videolar-
yngoscopy are that 1) children and some adults with
hyperactive gag reflexes may not be able to tolerate
this procedure, 2) fogging of the telescopic lens dur-
ing the procedure is more common, and 3) normal
speech and singing voice are distorted and laryngeal
image is difficult to observe during speech and sing-
ing.
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VOICE CHANGE IN THE PEDIATRIC PATIENT
A DIFFERENTIAL DIAGNOSIS
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This paper reviews the causes of voice change in the infant and child. Symptoms of dysphonia can be very early evidence of a serious
problem, either within the larynx or resulting from a systemic disease. The need to investigate the cause of voice disturbances is stressed.
The large number of diseases in which voice change occurs makes a complete examination of the child, both local and systemic, absolutely
necessary in order to arrive at a specific diagnosis. The mechanism of voice change is described in each category of the numerous causes of

dysphonia.

INTRODUCTION

The cry of the newborn infant heralds its arrival
into a completely new environment. An abnormal
cry should alert the attendants and physician to the
possibility of a potentially serious pathological pro-
cess. The child’s voice will be expressive of health
and disease throughout its life. Very early in in-
fancy the voice will express pain, hunger, and dis-
comfort. Later, phonation will evolve into the im-
portant means of expression and communication so
necessary for a normal life. When the newborn in-
fant’s voice lacks normal volume, pitch, or quality,
those in attendance should be on guard and search
for the possibility of a local laryngeal abnormality,
an airway problem, or genetic or systemic disease.
In later life, changes of the voice will indicate the
possibility of a potentially serious abnormality.

The larynx, frequently referred to as the organ of
voice, was not originally intended as such. In the
evolution of the larynx, its primary function was
respiratory, its secondary function was protective,
and finally the organ developed a phonatory func-
tion.! The larynx, originally intended to adapt the
organism from a water to a land animal, undergoes
further adaptation with the development of a phon-
atory function in order to protect the species by
alerting it to potential danger. The broad phon-
atory range in the human is closely allied to the high
degree of development of the central nervous system
(CNS).!

The importance of voice change in the child has
not been stressed in the literature. Dysphonia in'the
adult creates concern because of the possibility of a
malignancy and is, therefore, more likely to initiate
early investigation. In clinical practice, probably
because of the rarity of malignancy and the diffi-
culty of examination of the child’s larynx, it is com-
mon to postpone examination when voice change

occurs. The physician or parent frequently dis-
misses this symptom as being due to laryngitis, from
infection or abuse, and assumes that the symptom is
temporary and will resolve itself. This delay may be
responsible for progressive laryngeal obstruction
and other potentially serious complications. The
larynx must be fully mature and without defect at
birth to function normally. It will grow and mature
from the newborn period throughout adolescence
and early adult life.

PURPOSE AND METHOD

The presentation of this paper was stimulated by
the relative lack of concern by professionals who see
and treat children with voice change. Examination
or referral was postponed in many children, and in
some instances serious life-threatening airway prob-
lems occurred. While it is true that in a large per-
centage of these patients postponement was not of
great importance, in some children serious laryn-
geal problems resulted. It is the purpose of this
paper to stress the importance of voice change in the
pediatric age group and to document the multiple
causes of vocal disturbances. An explanation of the
mechanisms of these changes will be outlined. The
multiple conditions producing dysphonia are so ex-
tensive that it would be impossible to be absolute
and complete in these listings.

It is hoped that by this presentation the physician
will have available a detailed outline of the causes
and mechanisms of voice change in the child. The
following causes will be discussed: 1) neurological,
2) congenital and genetic anomalies, 3) tumors, 4)
infection and granulomatous disease, 5) trauma, 6)
endocrine and metabolic, 7) physiological, 8) psy-
chogenic, and 9) iatrogenic.

PATHOGENESIS

Voice change depends on the size and location of
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TABLE 1. INTRACRANIAL AND EXTRACRANIAL CAUSES OF VOICE CHANGE

Intracranial
Intracranial Extracranial and Extracranial
Cortical neuronal Motor unit Trauma
Kernicterus Toxins Birth
Globoid cell leukodystrophy Botulism Blunt
Krabbe’s disease Myasthenia gravis Surgical
Chediak-Higashi disease Muscular dystrophy Cardiac

Wilson’s disease (Cu)
Toxins (Pg, Hg)

Werdnig-Hoffmann’s disease

Great vessel abnormalities
Mediastinal disease

Infectious mononucleosis
Deep neck infections

Metabolic storage defects Others
Hemorrhage Meningitis
Trauma

Anoxic encephalopathy

Ischemia Chemotherapy
Neoplasia

Cortical axonal
Hallervordin-Spatz disease
Multiple sclerosis
Huntington’s chorea
Ramsay-Hunt syndrome
Neoplasia

Nuclear
Pseudobulbar palsy
Syringobulbia
Syphilis
Polyneuritis
Postencephalitic syndrome
Trauma (skull base)
Neoplasia
Meningomyelocele
Arnold-Chiari malformation

the lesion. It always indicates some abnormality of
structure, function, or development. Given the in-
finite delicacy of the process of phonation, minimal
alteration can produce changes in the voice. Slight
changes produced by any of the multiple diseases
may alter the glottic airflow, pitch, volume, tim-
bre, or resonance. This paper deals only with the
phonatory aspect of the voice, which is distinct
from that of speech. For the normal mechanism of
voice production, the reader is referred to the work
of Fink and Demerest on laryngeal biomechanics.?

CAUSES OF VOICE CHANGE

Neurological Dysfunction. The neuroanatomy is
complex and the distance traversed by the nerves is
great. This anatomic feature creates increased vul-
nerability of nerves to injury or disruption. Three

major divisions will be considered in discussing -

these anatomic features: 1) intracranial, 2) extra-
cranial, and 3) motor unit.

The intracranial region has three subcompon-
ents, neuronal, axonal, and ganglionic. The initial
impulses that lead to phonation begin in the cere-
bral cortex located in the frontal, parietal, and occi-
pital areas. The lower portion of the precentral gy-
rus which predominates is known as Broca’s speech
area and gives rise to the central axonal nerve fibers
that run through the lower motoneuron nuclei
which control the laryngeal muscles (corticobulbar
tracts).? These fibers reach the bulbar nuclei after
passing through the internal capsule, cerebral
peduncles, pons, and pyramidal tracts, and partial-
ly decussate before entering the nucleus ambiguus.*
It is from this area that the peripheral axons arise

and descend into the jugular ganglion and enter the
extracranial nodose ganglion.

When intracranial neurons and axons are dam-
aged, the hoarseness that results is due to spastic in-
coordination, which is a direct result of loss of up-
per motoneuron inhibitory control of competitive
muscles.®

The most proximal site, the cortical neuron itself,
may degenerate as a result of many diseases associ-
ated with toxins, and metabolic and storage dis-
eases.’° These substances bring about destruction
and dysfunction and produce hoarseness with a
spastic paralysis. The neuron can also be damaged
during stroke, anoxia, hemorrhage, or trauma by

producing physical compression and ischemic dam-
age (Table 1).

The central axon or corticobulbar tracts can be
affected by numerous diseases which cause degener-
ation (Table 1). These diseases produce spastic
paralysis or pareses.'**

The nucleus ambiguus or lower motoneuron gan-
glia of the laryngeal nerve is intracranial, but is the
first site where an injury produces a flaccid paral-
ysis as a result of partial or complete interruption of
transmission whether competitive or synergistic.'*'¢
(Table 1). All of the intracranial and extracranial
fibers can be affected by inflammation or neoplastic
disease with destruction of the neurons and axons

(Table 1).

As with bulbar lesions, extracranial involvement
tends to produce a flaccid paralysis because of the
lack of any signal being transmitted through dam-
aged, severed, or dead nerves (Table 1). Cardiovas-
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TABLE 2. CONGENITAL AND CHROMOSOMAL CAUSES OF VOICE CHANGE

Congenital Chromosomal Miscellaneous
Atresia Achondroplasia Epidermolysis bullosa
Laryngomalacia Bloom’s syndrome Arthrogryposis multiplex congenita
Subglottic stenosis Cockayne’s syndrome
Webs Diastrophic dwarfism
Cysts De Lange’s syndrome
Paralysis Dubowitz’s syndrome
Clefts Dysautonomia

G syndrome

Osteochondromuscular dystrophy
Shprintsen-Goldberg syndrome

Williams® syndrome
Cri du chat syndrome

Lysozymal storage disease

Hunter’s disease
Hurler’s disease
LeRoy’s syndrome

Maroteaux-Lamy disease

Morquio’s disease

Pseudo-Hurler’s disease

Sanfilippo’s disease

cular disease and trauma are most likely to produce
compression or disruption in the long extracranial
axonal segment of the system.’

The motor end-plate is the last area where disease
can produce neuromediated voice change. The long
peripheral axons terminate at the synapses near the
muscle fibers. It is here that presynaptic dysfunc-
tion occurs as is seen in certain toxins such as botu-
lism,"”® and an autoimmune disease, myasthenia
gravis'® (Table 1).

The final site of neuromotor dysfunction is the
motor unit itself. Failure of the laryngeal muscles to
function and thus produce voice change is seen in
muscular dystrophies. These are felt to be due to ab-
normal surface proteins leading to altered function
and the development of dystrophic fibers. For the
laryngologist, Duchenne’s progressive muscular dys-
trophy is of importance since it may affect the mus-
cles of the larynx and pharynx?*2* (Table 1).

Werdnig-Hoffman’s disease (spinal muscular atro-
phy) is of unknown etiology and produces denerva-
tion of muscle fibers progressing to atrophy. Severe
hypotonia occurs at birth and is associated with a
muffled, hoarse cry.

It should be stressed that voice change may be the
earliest clinical sign or symptom of a catastrophic
neurological disorder.

Congenital and Chromosomal Defects. Not all
congenital defects of the larynx produce voice
change. The observer should be cautious about mis-
interpreting sounds emanating from the child’s air-
way as being phonatory when in actuality it is
stridor. The voice is distinct from these sounds
whether volitional or reflex. Dysphonia is produced
by a number of congenital defects?? and chromo-
somal defects (Table 2).

The most serious form of congenital deformity of
the larynx is complete atresia in which the voice is
absent and the airway is completely obstructed.??
Immediate tracheotomy is essential. Laryngomala-
cia, while usually not associated with voice change,
can, in the severe arytenoid type, produce hoarse-
ness. Webs of the glottic area produce serious im-
pairment of the voice and like cysts of the vestibular
area, also produce airway obstruction. Subglottic
stenosis varies in severity and reduces airflow so
that the voice may be of normal pitch but lacks
loudness. While the voice in abductor paralysis may
be normal, although breathy, the voice is modified
by the position of the vocal cords. In adductor
paralysis, voice change may be severe with associ-
ated varying degrees of aspiration.?* Posterior cleft
larynx and laryngotracheoesophageal clefts are al-
ways associated with voice change and aspiration
problems. The defect or absence of the tracheo-
esophageal septum and the interarytenoid muscle
prevents apposition of the posterior portion of the
larynx, thus creating dysphonia.?s

Tumors. Tumors of the larynx which cause voice
change may be benign or malignant. Fortunately,
most of the tumors of the larynx seen in children are
benign; malignant tumors are extremely rare.
While a lesion in the larynx may appear benign,
adequate biopsy is mandatory to rule out the possi-
bility of a malignancy. Malignant and benign tu-
mors produce voice change of varying degrees. The-
oretically, every type of tumor seen in the adult can
occur in the pediatric larynx.2¢

Benign tumors may be considered nonneoplastic
or neoplastic?® (Table 3). Nonneoplastic tumors are
of inflammatory, traumatic, or infectious origin. Ir-
ritative processes within the larynx play an impor-
tant role in the development of this type of tumor
which grows slowly and never infiltrates. Some of
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TABLE 3. TUMORS OF THE LARYNX CAUSING VOICE CHANGE

Benign Nonneoplastic

Benign Neoplastic

Malignant Unusual

Squamous papilloma Papilloma
Vocal nodules Hemangioma
Polyps Hygroma
Granulomata* Cysts
Prolapsed ventricle Neurofibroma
Hematoma Hamartoma
Fibroangioma Myxoma
Fibroma Xanthoma

Granular cell myoblastoma
Fibromatosis

Ectopic thyroid
Chondroma

Myoma

Adenoma

*Infection, foreign body, trauma, caustic ingestion.

Reinke’s edema

these lesions are produced by trauma, caustic inges-
tion, infections, or foreign body intrusion. Tumors
of this type, which arise from the vocal cords, create
dysphonia by changes in the mass of the vocal cords.
The most common lesion of this type is the vocal
cord nodule which results from vocal abuse and is
always in the anterior one third of the true vocal
cords. These lesions are almost always symmetrical
and bilateral and occur in children with cleft palate
and velopharyngeal valving problems.?” Surgical
treatment is rarely necessary for this condition, but
other lesions in this category of benign tumors re-
quire surgical management.

Of the benign neoplastic tumors of the larynx,
papilloma and hemangioma are the most common.
These produce voice change only when the true vo-
cal cords, arytenoids, or cricoarytenoid joints are
involved. Other benign tumors produce voice
change by encroachment upon the vocal cords or
surrounding structures (Table 3). Diagnosis must be
made by direct laryngoscopy and biopsy so that ap-
propriate therapy may be instituted.

Malignant tumors of the larynx in children are
extremely rare and may arise from elements of
epithelium, connective tissue, neural tissue, and
hematological tissue, and may, on rare occasions,
be of metastatic origin.?® Malignant tumors arising
anywhere within the larynx will be invasive and
may produce vocal problems quite early (Table 3).

Infections. Infections may involve the larynx in
many ways. Viral infections produce hoarseness
through edema of the vocal mucosa, often with
superficial ulcerations. All major respiratory viruses
(Table 4) have been reported to cause hoarseness
which may be present in up to 20% of common
respiratory illnesses. Smallpox, chickenpox, and her-
pes simplex viruses may produce vesicular laryngeal
lesions.?’

Bacterial laryngitis due to Streptococcus pneu-
moniae and Staphylococcus aureus generally pro-
duce vocal cord hyperemia and edema. In some
forms of bacterial laryngitis ulcerative lesions may

Squamous cell carcinoma
Fibrosarcoma
Lymphosarcoma
Chondrosarcoma
Rhabdomyosarcoma
Plasmacytoma

Leukemia
Neuroblastoma

Wegener’s granulomatosis
Lymphogranulomatosis

occur. Diphtheritic membrane may interfere with
vocal cord adduction and produce hoarseness by its
mass effect®® (Table 4).

Eighty percent of rhinoscleroma patients suffer
laryngeal involvement. The initial catarrhal stage is
followed by granulomatous nodules usually in the
glottis, but may occur anywhere in the larynx,
eventually leading to ulceration and fibrosis.3!

Actinomycosis is rarely primary in the larynx
which is affected by extension from cervical or man-
dibular regions. Ulceration, chondritis, and fibrosis
cause cricoarytenoid joint fixation.

Granulomatous diseases,*'*? of which tuberculo-
sis is the most common, produce early diffuse hy-
peremia and edema ultimately resulting in chondri-
tis. In tuberculosis, the larynx is almost invariably
accompanied by active pulmonary and frequently
cavitary disease. Some of the granulomatous dis-
eases are associated with infiltration or nerve in-
volvement with resultant polyneuritis as is seen in
sarcoidosis (Table 4). Fungal diseases such as coc-
cidioidomycosis®® produce proliferative granuloma-
tous lesions of the larynx leading to ulceration and
fibrosis (Table 4). Congenital syphilis may produce
erythematous and edematous patches in the larynx,
and when associated with secondary bacterial infec-
tion, ulceration and scarring may occur.?’

Trauma. External trauma to the neck, whether

by open or closed injury, may compress the larynx

against the cervical spine and produce soft-tissue
edema within the endolarynx. Dislocation, contu-
sion, and fractures of the hyoid, thyroid or cricoid
cartilages may occur. The cricoarytenoid joint may
be dislocated, fractured, ankylosed, or distorted by
adhesions or granulations. Direct injury to the lar-
yngeal elevator and depressor muscles needed to
stabilize the larynx for phonation, or injury to the
cricothyroid muscle required to tense the vocal
cords, may affect vocal register®® (Table 4).

Endotracheal intubation may produce vocal cord
edema, hematoma, mucosal laceration or ulcera-
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TABLE 4. INFECTIONS, GRANULOMATOUS DISEASES, AND TRAUMA CAUSING VOICE CHANGE

Extra-
Viral Bacterial Fungal Miscellaneous Trauma (direct) laryngeal
Influenza S pneumoniae Blastomycosis Wegener’s granulomatosis External Skull
Rhinovirus S aureus Histoplasmosis Sarcoidosis Intubation Cervical
Adenovirus Haemophilus influen-  Coccidioidomycosis Amyloidosis Nasogastric tube Thoracic
Parainfluenza zae, type B Aspergillosis Foreign body Surgical
Coxsackie A21 Salmonella typhi Rhinosporidiosis Burns
Herpes simplex Pseudomonas Candida Smoke
Varicella Fusobacterium Gastroesophageal reflux
Variola Diphtheria Irradiation
Rhinoscleroma Irradiation
Actinomycosis Abusive
Mycobacterium
tuberculosis
Mycobacterium
leprae

tions, granulations, and avulsions of the true vocal
cords or the arytenoid. Anterior commissure web-
bing or cricoarytenoid joint fixation followed by
posterior glottic stenosis may occur.

An indwelling nasogastric tube may erode the
posterior cricoid lamina, producing cricoid chon-
dritis with laryngeal edema or cricoarytenoid joint
fixation.*

Noxious agents and aspirated or inhaled foreign
bodies produce hyperemia and edema. Stomach
contents from gastroesophageal reflux produce
chronic changes of hyperemia and edema with po-
tential stenosis. In advanced stages, Reinke’s edema
will occur with diffuse irregular thickening of the
vocal cord mucosa.

Extralaryngeal trauma with injury to the recur-
rent nerves may be produced by trauma to the neck
or surgery on the cervical and thoracic areas (Table

4).

Metabolic and Endocrine Diseases. Numerous
metabolic and endocrine diseases involve the larynx
and are associated with dysfunction and voice
change.”* Any of the errors of metabolism which
disrupt normal enzymatic sequences can cause faul-
ty nerve and muscle function. Numerous metabolic
substances can infiltrate and also thereby disrupt
normal neuromuscular function or result in abnor-
mal connective tissue affecting normal joint mobili-
ty of the larynx.

Hypocalcemia leads to motor nerve hyperexcita-
bility and produces laryngospasm, generalized
seizures, and cyanosis from airway obstruction. The
DiGeorge syndrome is associated with parathyroid
hypoplasia, thymic hypoplasia, and cardiovascular
abnormalities. Hypocalcemia is associated with nu-
merous conditions.

In hypoparathyroidism, inorganic serum phos-
phorous increases and serum calcium decreases,
leading to increased neuromuscular excitability
secondary to disruption of membrane permeability
to sodium and potassium ions.

Hypothyroidism can be present at birth and is
usually caused by aplasia of the thyroid gland in
70% to 80% of these patients.** The cause is un-
known. In severe hypothyroidism, there is general-
ized hypotonia of the muscles including the laryn-
geal musculature. In addition, voice change is pro-
duced by myxedematous infiltration of the laryn-
geal musculature.

Hypoglycemia in infants and children may cause
hoarseness due to generalized muscle weakness and
may be associated with mental retardation and/or
severe neurological deficiency.

The lipid-storage diseases are characterized by
various enzyme deficiencies which lead to the ac-
cumulation of abnormal lipids in the reticuloendo-
thelial system and CNS. Hypertonicity with dys-
phagia and laryngospasm (Gaucher’s disease) and
hypotonicity and CNS deterioration (Niemann-Pick
disease) are seen in this category of diseases. In Tay-
Sachs disease, a deficiency of a gangliaside catab-
olic enzyme, hexosaminidase A, rapid neurological
deterioration with blindness and convulsive sei-
zures, and laryngeal dysfunction occurs.

Muscular dystrophy is caused by defects in the
energy-producing or contractile mechanisms of the
muscle fibers. Laryngeal involvement is not uncom-
mon.

Myotonic disorders are caused by an abnormally
prolonged contractile state of the skeletal muscles.
Myotonia congenita is a familial disease known as
Thomsen’s disease. Associated symptoms are diffi-
culty in chewing, speaking, and breathing. Myoto-
nia atrophica, or Steinert’s disease, is a dystrophy of
muscle preceded by a myotonic phase occurring in
adolescence. There is gradual muscle wasting, espe-
cially in the face and neck, with involvement in the
pharynx, larynx, and esophagus. Dysphagia, aspi-
ration, and dysphonia are common.

Juvenile rheumatoid arthritis is commonly associ-
ated with laryngeal involvement, especially in the
cricoarytenoid joints.



46 COHENETAL

Mucopolysaccharidoses are metabolic disorders
of childhood. This category of diseases (Table 2) is
associated with an abnormal accumulation of chon-
droitin sulfate or heparitin sulfate. Neuronal
transmission becomes abnormal because of abnor-
malities created in surface membranes and the in-
tercellular matrix. These disturbances have pro-
found neurological consequences, and in many
cases are fatal. A disease which is related to the
Hunter-Hurler type, but is one of the glycolipi-
doses, is I-cell disease. The exact nature of this
defect is unknown. Central nervous system and
bone dystrophy similar to Hurler’s syndrome oc-
curs. Hepatosplenomegaly is not present. The dis-
ease progresses to death usually within the first 10
years of life. The abnormal metabolic material is
deposited within the larynx and tracheobronchial
tree:

It can be seen that endocrine and metabolic prob-
lems in children which affect neuromuscular activi-
ty can lead to laryngeal dysfunction. In some in-
stances such as hypocalcemia, hypothyroidism, or
hyperthyroidism and hypoglycemia, laryngeal dys-
function can be one of the primary presenting signs
and symptoms.

Physiological Causes. Puberty, particularly in the
male, is known to produce voice change. In order to
make the metabolic transition to puberty, normal
pituitary, adrenal and gonadal functions are neces-
sary. Puberty begins at about age 10 in the male,
and there is a 2- to 3-year growth spurt which in-
cludes laryngeal structures causing voice change. In
the female, reports suggest that trained, as well as
untrained, voices become hoarse during the pre-
menstrual phase of the menstrual cycle. This has
been ascribed to an edematous condition unevenly
increasing the mass of the vocal cords. Newer data
do not support the contention that hoarseness is a
‘feature of the premenstrual cycle in young women
without vocal training.?*

Psychogenic Causes. Hysterical aphonia is uncom-
mon in children. Its true incidence is unknown.

Seen predominantly in the female, all ages may be
affected. The onset may be sudden, at which time
the voice may be reduced to a bare whisper or com-
plete aphonia. Functional aphonia constitutes an
extreme stage of hypofunctional dysphonia.®® Or-
ganic disease, especially neurological disturbances,
must be ruled out.

DISCUSSION

TIatrogenic causes of voice change have not been
discussed in this study. It should be obvious that in-
judicious and ill-advised surgical procedures on the
larynx in children can cause serious damage. In ad-
dition to surgically imposed anatomic defects, chil-
dren may develop functional dysphonia from lack
of emotional preparation preoperatively and by un-
necessary restrictions such as insistence on silence or
voice rest in the postoperative period.

Voice change may be one of the earliest symp-
toms and signs of a serious local or systemic disease.
Because of the vast number of diseases that produce
voice change, many of which are very threatening,
progressive voice change not reverting to normal for
a suitable length of time should stimulate a thor-
ough examination. A search for a local laryngeal or
paralaryngeal abnormality or systemic defect should
be performed. The physician should not be totally
dependent on x-ray studies for a diagnosis, and di-
rect inspection of the larynx and surrounding struc-
tures with a biopsy, when indicated, are essential.

Without this approach, the risk to the child may
be unexpectedly high. A “wait and see” attitude ex-
poses the child to hazards which may end fatally.
Whether the larynx is examined by mirror, flexible
fiberoptic instrumentation, or rigid endoscopic
measures under anesthesia, remains a personal pref-
erence and will be dependent upon the experience
of the attending physician. The physician should
not be disarmed by wishful thinking, and a relent-
less search for a local or systemic disease may be es-
sential. Hopefully, this paper will stimulate a
greater interest and concern on the part of those
who treat children with voice abnormalities.
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Prolonged endotracheal intubation in critically ill patients has become an accepted routine. One notable consequence of this form of
management is injury to the posterior aspect of the glottis, apparently an injury caused by the presence of an endotracheal tube. Utilizing
two types of sensing devices, the pressure exerted by endotracheal tubes was measured in the canine larynx via a laryngofissure approach.
Pressure in excess of 200 mm Hg was consistently noted in the region of the arytenoid cartilage. A variety of tubes were tested with similar

results.

INTRODUCTION

Over the past two decades the accepted duration
of endotracheal intubation has increased dramati-
cally. It is now commonplace for patients requiring
intensive ventilatory management to be intubated
for as much as 14 to 21 days prior to consideration
of a tracheotomy.!> Much longer periods of intuba-
tion have been reported in the literature.’> The
phenomenon of increasingly prolonged endotra-
cheal intubation is due to generally favorable re-
sults from the technique and the well-recognized
morbidity and mortality associated with tracheot-
omy.® However, prolonged translaryngeal intuba-
tion can result in varying degrees of posterior glottic
stenosis which is potentially a source of substantial
morbidity.”-"!

This study quantifies the pressure exerted by en-
dotracheal tubes of various sizes and compositions
in the canine larynx. The data should provide a
baseline for further research in endotracheal tube
design and management.

MATERIALS AND METHODS

A series of three dogs were used, each weighing between 20 and
30 kg. Anesthesia was obtained with 30 mg/kg pentobarbital fol-
lowed by transglottic intubation. The animal was ventilated with
a Harvard piston ventilator and a low tracheotomy was per-
formed. The transglottic tube was removed and the ventilator
was connected to the tracheotomy tube. A laryngofissure leaving
the cricoid ring intact was then accomplished.

Dog 1. A pressure-sensitive constant infusion catheter (1-mm
diameter) was sewn over the vocal process of one arytenoid car-
tilage. The dog was transorally intubated with a series of poly-
vinylchloride endotracheal tubes. The pressure exerted by each
tube against the catheter was recorded using a Konigsburg pres-
sure transducer amplifier attached to a Grass model 7 polygraph
recorder. This system has been validated by Pope. '

Dog 2. Using the same sensing system not sewn to the
arytenoid, a constant infusion catheter was inserted via the laryn-
gofissure. For each of a series of transorally placed polyvinyl-
chloride endotracheal tubes, the catheter was manipulated be-
tween the internal surface of the larynx and the wall of the tube to
find the region of highest pressure. Readings were confirmed by
repeating each measurement.

Dog 3. The recordings of pressure were made using a Millar
“Mikro-Tip” catheter tip pressure transducer, model PC-460
(1.3-mm diameter). This system had been calibrated to 300 mm
Hg in an aluminum airtight calibration box using a standard mer-
cury manometer. A series of endotracheal tubes were placed tran-
sorally. The pressure sensitive catheter was positioned between
the endotracheal tube and the internal surface of the larynx using
the laryngofissure exposure. Each reading represents the max-
imum pressure encountered.

RESULTS

Dog 1. The side-port infusion catheter was fixed
to the vocal process. Pressure on the vocal process of
the arytenoid increased with increasing tube diame-
ter. It was noted that the smaller tubes, for the most
part, rested posterior to the vocal process of the ary-
tenoid and only contacted the pressure monitor tan-
gentially. In this preparation the recorded pressures
varied from 75 to 375 mm Hg (Table 1).

Dog 2. The side-port infusion catheter was posi-
tioned to read the highest pressure. By manipulat-
ing the catheter to find the peak pressure point ex-
erted by each size tube, the range of pressure was
225 to 400 mg Hg. The smaller tubes exerted this
pressure over a smaller area located just posterior to
the vocal process of the arytenoid. The large tubes
exerted pressure over a wider area including the vo-
cal process (Table 2).

Dog 3. The calibrated solid-state catheter tip
pressure transducer was used. The solid-state cathe-
ter revealed pressures in the range of 200 to 400 mm
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TABLE 1. PRESSURE RECORDINGS FROM SIDE-PORT
INFUSION CATHETER (DOG 1)

TABLE 2. HIGHEST PRESSURE RECORDINGS
FROM SIDE-PORT CATHETER (DOG 2)

Peak Parietal Pressure
(to nearest 25 mm Hg)

PVC Endotracheal Tube
Inside Diameter (mm)

Peak Parietal Pressure
(to nearest 25 mm Hg)

PVC Endotracheal Tube
Inside Diameter (mm)

6.0 75
7.0 95
8.0 180
9.0 375

PVC - Polyvinylchloride.

Hg for all tubes tested (Table 3). The elevated pres-
sures were always localized to the posterolateral as-
pect of the larynx and there was no change in pres-
sure when the animal’s head was flexed or ex-
tended, nor was there a decrease in pressure when
the animal was paralyzed.

DISCUSSION

This pilot study was undertaken to establish an
animal model for quantification of pressure exerted
by endotracheal tubes within the larynx. Previous
measurements of this sort have not been performed.
Two different methods of assessing the pressures
were used because the pressures were so excessive
when measured by the first system that a second in-
dependently calibrated system was selected to con-
firm our results. The first monitoring system con-
sists of a 1-mm polyvinylchloride catheter sealed at
its end and perforated just above the tip. Using a
constant infusion of saline and a pressure transducer
in line with the system, the mucosal closing pressure
was monitored as described by Pope.'? The main
technical difficulty with this procedure was es-
tablishing the location of highest pressure and
maintaining the pressure monitor in that location.
For this purpose it was necessary to perform a lar-
yngofissure. After placing an endotracheal tube in
the larynx, the pressure monitor was inserted and
manipulated between the wall of the endotracheal
tube and the larynx until it encountered the highest
pressure. Invariably this point of high pressure ex-
isted over the posterolateral larynx and, after re-
peated trials with various size tubes, it was obvious
that this region is the area of most substantial pres-
sure. The experiment was repeated with a cali-
brated Millar solid-state transducer. Some limita-
tions of this study must be addressed.

1. A small number of animals were used because
the individuial pressure readings were reproducible
in each animal. We felt no advantage would be
gained by further repetition since the pressures
measured were so far in excess of capillary perfusion
pressure.

2. The canine larynx is not precisely analogous to
the human. There is a deep posterior sulcus in the
canine larynx which caused lower pressure readings
with a fixed sensor in dog 1. The size of the glottis in
our animals was a reasonable approximation of the
human. It seems likely that similar pressures are
generated in the clinical setting.

3. The pressure-sensitive catheters occupied a
portion of the space available in the glottis and

6.0 225
7.0 > 400
8.0 > 400
9.0 > 400

therefore contributed to the total pressure. We con-
sider this to be a negligible concern in light of the
large pressures demonstrated to exist. The catheter
could not have contributed more than 10 % to 20 %
of the transverse diameter of the system being mea-
sured, ie, the endotracheal tube.

The data confirming pressure far in excess of
mucosal capillary perfusion pressure are particu-
larly relevant in light of increasing use of prolonged
endotracheal intubation. Over the past two de-
cades, more prolonged use of endotracheal intuba-
tion has become commonplace and accepted. The
reasons for this phenomenon include 1) the mor-
tality and morbidity associated with tracheotomy,
2) the improvement of techniques used in daily
monitoring and management of endotracheal intu-
bation, 3) improved tube materials with diminished
biological reactivity, and 4) a recognized low order
of significant complications of endotracheal intuba-
tion.'? Cases of extremely prolonged endotracheal
intubation (50 to 150 days) are also reported and
used as evidence of the relative tolerance of the
larynx for endotracheal intubation.>-* In the 1960s
intubation for longer than 2 to 3 days was consid-
ered an indication for tracheotomy.”®* Even with
those brief periods of intubation, the existence of
significant laryngeal injury was noted and studied
pathologically. The histopathology of human intu-
bation injury is well defined and consists of ulcera-
tion over the cricoid and arytenoid cartilages with
ischemic necrosis being noted in all patients intu-
bated more than three to four days.'*:'* The process
of epithelial injury created by transmucosal pres-

TABLE 3. PRESSURE RECORDINGS FROM SOLID-STATE
CATHETER TRANSDUCER (DOG 3)

Peak Parietal

Endotracheal Pressure
Tube Inside (to nearest
Tip Diameter (mm) 25 mm Hg)
Silicone
5.0 225
6.0 400
7.0 275
8.0 300
9.0 400
Polyvinylchloride
6.0 200
7.0 300
8.0 400
9.0 300
Armored
515 200
8.0 400
Red rubber
8.0 400
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sure begins with loss of mucosal integrity and pro-
ceeds to deeper infection, granulation tissue, and
subsequent scarring.'®'® The sensitivity of tracheal
mucosa to pressure was well demonstrated in an
elegant study by Nordin et al.'” Using isotope-
labeled microspheres they determined tracheal
capillary perfusion pressure to be approximately 30
mm Hg. The pressures we have recorded clearly ex-
ceed capillary perfusion pressure.

In vitro techniques have been devised to assess the
force generated when an endotracheal tube bends
to conform to the anatomic contours of a patient.
This is known as the deforming force. It differs from
the pressure measured in our experiment in that it is
exerted posteriorly and varies in location and degree
according to the position of the patient and the
mechanical properties of the tube.'®**

Severe posterior glottic stenosis is not a common
problem but its occurrence can create substantial
disability for the survivor of prolonged ventilatory
support. The most common cause of posterior glot-
tic stenosis is prolonged intubation.®:1°-2°

We have been monitoring patients in the inten-
sive care unit with direct laryngoscopy to assess the
impact of endotracheal intubation after ten to 14
days. The typical and predictable finding at ten to
14 days consists of an ulceration over the arytenoid
cartilages with granulation tissue surrounding the
point of contact of the endotracheal tube. The free
portion of the vocal cords is usually mildly edema-
tous, but otherwise unchanged, and for the most
part the cricoid region is uninvolved. When the le-
sion is severe, a horseshoe-shaped lesion communi-
cates the ulcerations on the arytenoids across the
posterior commissure. Our readings of high pres-
sure in the dog model localized to the arytneoid car-
tilage are wholly consistent with these observations.

The following thoughts are suggested by our data
and a review of the literature:

1. A point of pressure far in excess of caillary per-
fusion pressure exists in the posterior lateral portion

of the larynx where an endotracheal tube is in con-
tact with the mucosa and underlying cartilage. This
pressure is in the range of 200 to 400 mm Hg even
with small tubes.

2. The point of highest pressure is identical to the
area of injury noted by endoscopic assessment and
pathologic analysis of the human larynx. The area
of pressure is larger with larger tubes and the
pressure appears to be higher with large tubes.

3. It would appear that modifications of tube
contour cannot be expected to eliminate these
forces. No matter what shape the tube, it will re-
quire a certain internal and external diameter to
deliver ventilation. The physical presence of a tube
which does not conform to laryngeal anatomy im-
parts these high pressures to the posterolateral por-
tion of the laryngeal framework.

4. We expect all commercially available tubes to
exert these pressures regardless of their composition.

5. Given the current selection of endotracheal
tubes, the smallest tube consistent with adequate
ventilation for the patient should be selected.?*

6. In the future we must determine whether pro-
longed endotracheal intubation is a better alter-
native than tracheotomy especially in light of the
fact that more patients are surviving prolonged ven-
tilatory support.

7. If it is possible early in the course of a patient’s
care to predict that prolonged ventilatory assistance
will be necessary, an early tracheotomy would be
preferred if laryngeal protection is an issue, since
tracheotomy after prolonged intubation may pre-
dispose to posterior glottic stenosis.?°

CONCLUSIONS

1. All tubes tested created 200 to 400 mm Hg
pressure centered over the posterolateral larynx.

2. Smaller tubes made lower pressures over
smaller areas.

3. Laryngeal injury from prolonged endotrache-
al intubation is unavoidable using currently availa-
ble equipment.
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CONGENITAL LARYNGEAL HEMANGIOMA

BRUCE BENJAMIN, FRACS

PETER CARTER, FRACS

SYDNEY, AUSTRALIA

Congenital subglottic hemangioma consistently occurs in a site below the vocal cord. It is a distinct clinical entity with typical clinical
features. However, congenital hemangioma in other sites can cause airway obstruction. An anatomical classification is proposed on the
basis of review of 23 consecutive cases. It is important to accurately identify the site and distribution of the lesion before commencing treat-
ment. Radiation has been an acknowledged form of treatment, and in our hospital we have confirmed that radiation therapy, either by ex-
ternal beam, or by insertion of a radioactive gold grain, gives good results. The theoretical possibility of radiation-induced malignancy in
the thyroid gland is reduced to an absolute minimum by use of a radioactive grain for localized tumor-dose with minimum radiation of sur-

rounding tissue.

Hemangiomas are congenital malformations which
form from mesodermal rests of vasoformative tis-
sue. In most anatomical sites they can be managed
conservatively. The one exception is narrowing of
the airway. The hemangioma of childhood that is
the biggest threat to life is the subglottic heman-
gioma; expectant management in the past was at-
tended by mortality reported by Ferguson and
Flake' as approximately 50 % . It is now recognized
that early active treatment is indicated.

In 1921 Sweetser? first differentiated subglottic
hemangiomas in infants from glottic and supraglot-
tic hemangiomas in adults. Since then the clinical
features have been clearly defined by many au-
thors.'* ¢ The symptoms are stridor, intermittent at
first and then persistent; harsh barking cough; and
failure to thrive. An erroneous diagnosis of “croup”
may be made at first. In approximately half the pa-
tients there is also an hemangioma of the skin, us-
ually in the head and neck region. Females are af-
fected twice as often as males. Although a rare tu-
mor, the exact incidence is not known; of 846 cases
of congenital laryngeal anomalies described by Hol-
inger and Brown,” 13 were subglottic heman-
giomas. The majority of the lesions are of the capil-
lary cavernous type with vascular spaces sur-
rounded by endothelial cells.®* The hemangioma
develops in the submucosa and follows a typical
growth pattern with increase in size during the first
6 to 12 months of age. Radiographic examination of
the airways, either an x-ray film or xeroradiogram,
can be useful (Fig 1) although not necessarily diag-
nostic.*

Diagnosis is made by endoscopic examination.
The need for biopsy is controversial, as it may be
dangerous in patients who do not already have
tracheotomies. A typical subglottic hemangioma
appears as a smooth pink or blue compressible mass
of soft or firm consistency. A previous paper in 1978

by Benjamin® reported promising results using a
radioactive gold grain inserted into the hemangi-
oma. The present paper confirms those results and
presents a classification according to anatomical
site.

CASE MATERIAL

During the 17 years from 1966 to 1982 inclusive,
23 proven cases of laryngeal hemangioma were
managed at the Royal Alexandra Hospital for
Children, Sydney (Table). The diagnosis was made
by direct examination under general anesthetic, us-
ing magnification, either a Hopkins fiberoptic
telescope or the operating microscope. The ap-
pearance alone was sufficient for an experienced en-
doscopist to make the diagnosis.

RESULTS

There were 14 females and 9 males, confirming
the known preponderance in females. In all but
three patients stridor commenced within the first 8
weeks of life, in six within the first 2 weeks, and in
two of these at birth. The supraglottic peduncu-
lated hemangioma limited to the false cord did not
cause symptoms until 7 months of age.

Of 23 patients nine had cutaneous hemangiomas
of the head, face, and neck, and one of these had
further cutaneous hemangiomas on the trunk.
There was no correlation to side or site of laryngeal
lesion. One patient with a massive hemangioma of
the eye, face, neck, chest wall, and mediastinum
died of intractable cardiac failure (case 14). In 19
patients the lesions were in the typical subglottic
site; 11 were on the left side, five were on the right
side, and three were bilateral. There was posterior
commissure extension in four patients. In three pa-
tients the lesions were limited to the upper trachea
(cases 14, 16, and 18), and in one patient a pedun-
culated lesion arose from the false cord (case 10).

From the Royal Alexandra Hospital for Children, Sydney, New South Wales, Australia.
Presented at the meeting of the American Laryngological Association, New Orleans, April 10-11, 1983.
REPRINTS — Bruce Benjamin, FRACS, 231 Macquarie St, Sydney, New South Wales, 2000 Australia.
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Left Subglottic
A B

Bilateral Subglottic

Left Upper Tracheal Anterior Upper Tracheal
C D

Fig 1. Radiographic studies and endoscopic photographs. A) (Case 8) X-ray film shows subglottic soft-tissue mass of unilateral
subglottic lesion. B) (Case 23) Xeroradiogram clearly shows radio-opacity of bilateral subglottic hemangiomas. C) (Case 18)
Xeroradiogram shows upper tracheal lesion on the left side. D) (Case 16) Xeroradiogram shows upper tracheal lesion.

DIAGNOSIS

Lateral x-ray study of the upper airway showed
changes consistent with subglottic soft-tissue swell-
ing in ten patients, and later in the series (after
1975), xeroradiograms more clearly demonstrated a
subglottic abnormality in six patients (Fig 1). Seven
patients had a diagnostic biopsy, five at our institu-
tion and two elsewhere. Histological confirmation
was obtained in another seven patients from tissue
submitted during the course of management.
Therefore 14 of the 23 patients had histological con-
firmation of the diagnosis.

TRACHEOTOMY

Twenty patients had tracheotomies, usually at
the time of diagnostic endoscopy. Three patients
did not require tracheotomies. One required no
treatment (case 16). One patient early in the series
(case 5) was managed by nasotracheal tube only
during and after external irradiation, a period of 4
weeks. One hemangioma in the upper trachea (case
18) was removed through an external incision and
required nasotracheal intubation for 1 week.

TREATMENT

Early in the series seven patients had external
beam irradiation using doses from 375 to 600 rad,
and 11 patients presenting after January 1974 were

treated by insertion of a radioactive gold grain.
Two patients were treated surgically and three pa-
tients had no treatment for the hemangioma.

The gold grain, 2.5 mm by 0.8 mm, had a radio-
active dose of 1 mCi with a half-life of 4.7 days.’
The dose at 3 mm from the center of the grain is
2,400 rad and at 10 mm is 200 rad. The grain is in-
serted into the hemangioma through a small inci-
sion just below and medial to the edge of the vocal
cord using microsurgical techniques. A lateral x-ray
film confirms the position. Shrinkage of the heman-
gioma occurs over several months and is assessed by
endoscopy approximately 8 to 10 weeks after inser-
tion.

Results of Treatment. The first patient in the
series had no treatment and the tracheotomy was
not removed until the age of 2 years. The results
with external radiotherapy were satisfactory and
the duration of tracheotomy was usually a matter of
months. External radiation was not used after 1973
because it was realized that radiation to the thyroid
gland could be minimized and tumor radiation
maximized by use of a radioactive gold grain.

There was a sudden unexpected death in one pa-
tient (case 3) 4 weeks after the external irradiation
and while the tracheotomy was still in place.
Autopsy did not show the cause of death. All pa-



BENJAMIN & CARTER

54

o1130[3qns oy

Aderayjorper 1o3e ym § 10§

pamp aqn) [B9YOBI}OSBU AW0309YOrI} ON PeI 008 ON — 3oau ‘eoe 1 M $1 ym g 6O6Te T o
omosqns 3oy
UOTSO Yoou
QAISSEW £ POJ 90ULSLINDAI 10§ AUIO} peI 00F ‘193e] YooN
peny) -0oyoe) yeadal $OAORJJOUT SPIOING our g ‘peI ()OS ON ow § ‘our g ‘90B] QAISSBIN qm L ym 9 6961 A ¥
omo[3qns 3yor]
Asdone
umowyun e poure[dxeun UONBIPEI Id}je YM
asned ‘paIq ¥ Yieop USppns :9A}0eJjoUl SPIOISlg PEI GLE Sox VN ol | AAG Ay 8961 4 €
omo[3qns Y81y
UOT}BIPEI 19}Je 9NsS) [BNpIsal JO
suosioxa ordoosopus ¢ *Aderayjorper
painn [euI2I%0 M pajeany Juaned ISILy PeI 009 Sox owr YT QUON our g our g 2961 A 3
omo3qns oy
9zIs ur
paonpai Lg %uwm paje[nuuLoap
A[morg {Awojoeyoeny 3dodxa JuouIeaI} ON QUON sox ow g1 JuoN yM 8T M 91 996T W T
ang 2uon(Q spu2wUL0)) uoyvpny paaosg  Awo10oyovL] -  DWOISUDWIL  SISOUIDL] 23y D] %3S ON
hsdorg fo uoyvun(y snoauviny) 0 23y sunuasasg asD))

3861-9961 VWOIONVIWHH TVLINIONOD 40 SHSVO



55

CONGENITAL HEMANGIOMA

O130[3qns 3yory

uonerp
-BI I9)JE 9NSST} [ENPISAI JO SUOISIO
-xo 01d0dSOpUS 7 }IJousq INOYHM

pen) QIOYMOS[ UOFBqNIUl PaguooL g ureis) Sox our g QUON ow g1 g vL6T W 1T
PI00 as[ej 3oy
9[OLULA 339 woxy Areordoos
pemy) -OpUd POAOWI IOWN} PIje[NounNpay QUON S9 K M g QUON 1L ), our ), eIeT N 01
o130[3qns [eIae[Ig
pamy 9AI}00JJOUI SPIOIOIG PeI 00S ON ow 4,3 yoau ‘ade g M g1 I T SLET - 6
omo3qns oy
painp A[uo uonerpey REL00S BED outic SUON OUEE] in9 gL6T W 8
O130[3qns 3yor]
JIJoUaq IMOYIM SI9YMOS[D
uonjeqniur paguojord fsofuryo pro
paimp -3urysno a31dsop 9ARO9JoUL SPIOISIG ureis) SO X ow ¢ QUON b ] AM g ¢L6T A L
omo[3qns ysry
UONE[NUUBIIP POAB[OP SUOI}OLFUL
painp A10yexrdsar pue eruowmnoaud 919A9g PeI 00S sox owr 1 qunIy YooN M g yMm ) TUBT T 9
2woonQ) spuawUWo)) uonvIpLY paaosg  Awojooyovs]  pworduvpwap  sisoudvyg 28y 4D - X0S O]
hsdorg fo uoypuncg snoauviny) 0 23y Suyuasatg asD))

(penunuo)) z8E1-9961 VINOIONVIWAHH TV.LINIONOD A0 SASVD



uoIsu9lxa Iorraysod
©omo[3qns 3o

SIBOA

Iase] Y€ I9}je PIAOWDIL Aw0j09yoRI} ‘SIS
0} oNp SISOUS)S  -OUA}S dPO[3GNS AG PIMO[[0F 0SS
omorsqng [ENPISOI JO S}USWIFESI} IOSE] [[BLUS ureis) So K £ ye 208,] ow g ow g GBI LT
eoyoen 1oddn 1o)UY
JusUI}BaI} N0 AI1BSS909U
-}IM POAJOSSY  JUQUIIESI} OU sswoydwAs SNOLds ON QUON ON — QUON M 8T AM QT 8,61 K| 91
uoIsu9)x9 Ior1aysod
‘omor3qns o]
ureId jo UORISSUL 19}JE PIAJOS
o1 eoua1Inoal Sjuawesoxdur Arerod
pamp -W9) )M JUSWIIBSI) I9SE] [BRIUL ureis) SOx ow g QUON ou j ow | 86T W (o
oo
=
=
s
=<C
O eoyorI)
M 1orasod ‘Iormyuy
W aImnjrej rpwoIueWaY peaIdsopim ‘oAlssew wnu
= oeIpIBD JO JuawaBIe[ua 2AlssaId01d woxy -IseIpaul “Yoou
W jo paiq aIn[Iej OBIPILD ‘9A09JJOUI SPIOIDIS QUON ON VN ‘0B ‘pOH ouw 4§ our g LUGT A
~q
om03qns Y3y
‘ painy Aquo urers) urery) soX our %6 QUON ONIS om g sLel W el
O1N0[3qns [BIdYR(Ig
uoneIpeI Io}e JNssI}
painp [enprsal jo suoisoxa o1dodsopud g ureis) SO X ow ¥, § QUON M GT M cl6l NN 31
ansg 202N () spu2wWWO)) uoyDIPDY paaotg  fiwojooyovi], DWOIBUDWAF]  S1SOUBDY(] a3y IDITe XIS 0N
fisdorg Jo uoyvan(y snoaupiny) 0 28y Funuasald asv))
= -
e (penuniuoD) g86T-9961 VIWOIONVIWHAH TY.LINIONOD J0 SASYD



=
0

CONGENITAL HEMANGIOMA

omo[3qns [e1ve[ig

9pIs 1YBII Uo anssy
[ENPISAI JO S)USUI}Ea} 0SB [BI0]f

painy -1adns g ¢A[uo 9pIS oI Ul urern) ure1n) ON our 9 3oau ‘0dr,] ouwr ¥, M g 786 €3
omo[3qns 13y
3 UOTIBIPEI UTRI3 Io}je ans
painy -1} [ENPISaI JO uoIsIoxa o1dodsopury urers) sox ow ¢ QUON qMm g yM g 3861 W %%
uoIsue)xa Iorraysod
‘omo[3qns 3oy
Aquo urerd oy asuods
-o1 poo3 ‘jusuwAoidwr ou pue
painy our ¢ I0J SIOYMAS[d USRI} ON urero) SOX. ow 4,3 QUON ouw ¢ qMm 9 IS61 A 1%
Io110350d 9yeredes
“omo[3qns Y3y
‘ o Aquo urers R ) ON our %, 99 ou ¥,¢ qHg 0861 W 08
o1mo[3qns oy
‘ painp A[uo ureis) ureis) ON our g QUON ow g M g 0861 A 61
eayoeny 1oddn 3oy
AT
-oaneradojsod ym T 10§ oqny [BaYORI}
-oseu ‘eayoel} roddn w01} UOISIOXD
pamp [eo131ns pue yoeoidde [euieixy QUON SO X — QUON ou § ow g 086T 8T
ans 2woon() spu2WULO)) uoyIPDY paaosg  Awopooyovi] — DWOISUDWIF]  SISOUSDI(] 23y ADaJ  X2§ ON
fisdorg fo uoyvung snoaupiny) I 23y Funyuasalg 2sD))

(penuniuoD) g8ET-9961 YIWOIONVIWAH TVLINIONOD A0 SASYD



58 BENJAMIN ¢ CARTER

C

Fig 2. Classification of congenital laryngeal hemangiomas according to site. A) Unilateral; B) Bilateral; C) Unilateral with posterior

extension; D) Upper tracheal.

tients treated by insertion of a gold grain had
satisfactory responses and were successfully ex-
tubated in from 2 to 5 months. Endoscopic ex-
amination was performed some years later in two
cases during general anesthesia for unrelated
reasons, and the subglottic region was found to be
normal with the gold grain shining through the su-
perficial mucosa, allowing easy removal.

Other Treatment. Steroids were used systemical-
ly in six patients and locally in one. The dosage used
was according to the recommendation of Cohen
and Wang.' In one patient there was detectable
but insufficient improvement accompanied by
cushingoid changes, and further treatment using a
radioactive grain was required to achieve removal
of the tracheotomy. Steroids are no longer used in
our institution.

Endoscopic microsurgical laser destruction was
attempted in two patients. The first (case 15) had
three treatments with initial improvement, but the
lesion enlarged over the next 3 months. A gold grain
was then inserted, and extubation was possible 2
months later. The second patient (case 17) devel-
oped subglottic stenosis after several laser treat-
ments despite careful technique to avoid this com-
plication, and extubation was not possible for over 3
years.

Endoscopic piecemeal excision of residual tumor
was used as an adjunct to external radiation in one
patient and after use of the radioactive gold grain in
three cases. The supraglottic lesion (case 10) was
safely and simply removed by microlaryngeal sur-
gery. The sessile tracheal lesion whose upper edge
was 6 mm below the glottic level (case 18) was ex-
cised through the trachea via an external approach
in the neck.

DISCUSSION

Infantile subglottic hemangioma has generally
been regarded as a unilateral lesion, but this is not
always so. With modern anesthesia and sophisti-
cated endoscopic techniques using magnification,
an exact evaluation of the site and distribution of
the lesion can be made. In the 20 cases reported by
Narcy,'! reference was made to one case which was
bilateral and to three cases which showed posterior
extension.

Analysis of our own total of 23 cases showed 19
localized in the subglottic area. Of these, three were
bilateral and four had extension into the posterior
commissure. The remaining cases which were not
subglottic were comprised of three in the upper tra-
chea and one supraglottic lesion. We therefore sug-
gest a classification of congenital hemangiomas (Fig
2). The lesion may be subglottic when it can be
unilateral, with or without posterior extension, or
bilateral. Sometimes the lesion may be in the upper
trachea, and lastly it may occur very rarely in other
sites, for example in the supraglottic area (case 10).

The airway obstruction in all our cases of sub-
glottic hemangioma became severe and life-threat-
ening. Some patients presented with acute obstruc-
tion and required relief immediately, either by
tracheotomies or by temporary intubations fol-
lowed later by tracheotomies. Tracheotomy was
necessary both for the patient’s safety and to enable
treatment to be carried out.

Many forms of treatment have been advocated,
and the proponents of each describe a successful
outcome for their patients. These include:

1. Tracheotomy and no active treatment with an
expectant attitude awaiting spontaneous regres-
sion'?

. Temporary or prolonged endotracheal intuba-
tion with or without steroids'?

. Injection of sclerosant*

. Use of systemic steroids!®-!s

. Excisional surgery'**¢

. Cryosurgery'’

. Laser surgery'®

. Radiation therapy either with external beam ir-
radiation"®*® or a radioactive gold grain.®?°

[N

0 3O UL W

The advocates of each form of therapy report suc-
cessful results, and it may well be that various
modalities of treatment achieve the same outcome.
The success of any treatment depends on careful
assessment of the anatomical distribution of the
hemangioma and avoidance of possible complica-
tions, especially subglottic stenosis.

Our experience with laser surgery in general
shows that reactive granulation tissue, scarring,
and stenosis can certainly occur. In the treatment of
congenital subglottic hemangioma itself, laser
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treatment with a 2-mm spot size is not considered
by us to be suitable in this site in all infants. Long-
term reports that laser treatment is free from the
risk of subglottic stenosis are necessary before we
would consider it the treatment of choice.

Radiation therapy has previously been an ac-
knowledged treatment used for many years and re-
ported by many authors*®!° with reliable results
and as yet no reports whatever of untoward effects,
despite the theoretical possibility of radiation-in-
duced malignancy of the thyroid gland. Calcater-
ra'? expressed doubts about any worthwhile effect
from external irradiation on the histological evalua-
tion of one irradiated subglottic hemangioma and
on theoretical grounds.

It is clear that radiation therapy is no longer
favored in the United States, and yet our own ex-
perience with radiation, either with external beam
or with radioactive gold grain, has been satisfactory
in achieving resolution of the lesion and prompt

removal of the tracheotomy. However, the specter
of long-term side effects from the radiation in the
neck remains and cannot be put to rest without very
long-term follow-up. Li et al** reported virtually no
increase in mortality from radiotherapy in 4,726
patients followed for 20 years. Criticism of irradia-
tion has usually been made in cases where wide
fields have been radiated, for example the thymus
gland or large face and neck malformations.

We advocate the use of a radioactive gold grain
for maximum localized tumor-dose and minimum
radiation of surrounding tissue. We assess the effect
8 to 10 weeks after insertion of the grain, and in
some cases shrunken residual tissue may require
local removal. At times we choose piecemeal re-
moval with cupped forceps and scissors, and at
other times we choose laser vaporization as the
more suitable method of removing this tissue. The
choice of treatment depends on the variation in
anatomical exposure and surgical visibility in the
subglottic region in infants.

REFERENCES

1. Ferguson CF, Flake CG. Subglottic hemangioma as a
cause of respiratory obstruction in infants. Ann Otol Rhinol
Laryngol 1961; 70:1095-112.

2. Sweetser TH. Hemangioma of the larynx. Laryngoscope
1921; 31:797-806.

3. Ferguson GB. Hemangioma of the adult and of the infant
larynx: review of the literature and report of two cases. Arch
Otolaryngol 1944; 40:189-95.

4. Baker DC, Pennington CL. Congenital hemangioma of
the larynx. Trans Am Laryngol Rhinol Otol Soc 1956: 84-9.

5. Doermann P, Lunseth ], Segnitz RH. Obstructing subglot-
tic hemangioma of the larynx in infancy. N Engl ] Med 1958;
258:68-71.

6. Leikensohn JR, Benton C, Cotton R. Subglottic hemangio-
ma. ] Otolaryngol 1976; 5:487-92.

7. Holinger PH, Brown WT. Congenital webs, cysts, laryn-
goceles and other anomalies of the larynx. Ann Otol Rhinol Lar-
yngol 1967; 76:744-52.

8. Garfinkle TJ, Handler SD. Hemangioma of the head and
neck in children — a guide to management. ] Otolaryngol 1980;
9:439-50.

9. Benjamin B. Treatment of infantile subglottic hemangio-
ma with radioactive gold grain. Ann Otol Rhinol Laryngol 1978;
87:18-21.

10. Cohen SR, Wang CI. Steroid treatment of hemangioma of

the head and neck in children. Ann Otol Rhinol Laryngol 1972;

81:584-90.

11. Narcy P, Manach Y, Brasnu U, Daussy E. Angiomes sous-
glottiques du nourrision. A propos de 20 observations. J Fr
Otorhinolaryngol 1980; 29:361-5.

12. Calcaterra TC. An evaluation of the treatment of subglot-
tic hemangioma. Laryngoscope 1968; 78:1956-64.

13. Dillard RG. Subglottic hemangioma: a new approach to
management. Am ] Dis Child 1979; 133:753.

14. Pierce MK. Subglottic hemangiomas in infants. A pre-
sumptive clinical test for diagnosis. Ann Otol Rhinol Laryngol
1962; 71:1057-62.

15. Overcash KE, Putney FJ]. Subglottic hemangioma of the
larynx treated with steroid therapy. Laryngoscope 1973; 83:
679-82.

16. Mawson S. Subglottic haemangioma of the larynx treated
by excision. J Laryngol Otol 1961; 75:1076-81.

17. Karja ], Ralva A, Jokineu K. Cryotherapy in the treatment
of subglottic hemangioma in infants. Acta Otolaryngol (Stockh)
1979; 360:58-60.

18. Healy GB, Fearon B, French R, McGill T. Treatment of
subglottic hemangioma with the carbon dioxide laser. Laryngo-
scope 1980; 90:809-13. :

19. Tefft M. The radiotherapeutic management of subglottic
hemangioma in children. Radiology 1966; 86:207-14.

20. Holborrow CA, Mott T]. Subglottic haemangioma in in-
fancy. ] Laryngol Otol 1973; 87:1013-7.

21. Li FP, Cassady R, Barnett E. Cancer mortality following
irradiation in infancy for hemangioma. Radiology 1974; 113:
177-8.



FURTHER OBSERVATIONS ON THE TREATMENT OF RECURRENT
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Between June 1982 and March 1983, 11 patients with aggressive recurrent respiratory papillomatosis were treated with alpha or
human leukocyte interferon (IFN) that was produced by and purchased from the New York Blood Center, Inc. The year before, nine of
these patients had been on a similar protocol utilizing alpha-IFN that had been supplied by the Finnish Red Cross Blood Transfusion Ser-
vice. Comparisons regarding response and toxicity were made and are reported. In our series we have not seen an overall difference in
response of papillomatosis to these two IFNs. As many of our patients responded better to the New York product as responded worse. There
is a suggestion, however, that the New York product is associated with less toxicity than the Finnish IFN.

INTRODUCTION

Substantial interest has resulted from the rela-
tively recent usage of interferon (IFN) in several
preliminary, but noncontrolled, studies of patients
with recurrent respiratory papillomatosis (RRP)
treated for varying lengths of time.'* Human leu-
kocyte IFN (HLIFN) has been employed in these
studies, and by and large it is from this type of IFN
that the bulk of the basic knowledge of the pharma-
cokinetics of the substance has been learned. Last
year, we reported? on a series of 12 patients with ag-
gressive RRP that we had treated with HLIFN that
was made in the method described by Cantell et al*
and purchased through the Finnish Red Cross Blood
Transfusion Service. Those 12 patients were studied
from 7 to 12 months; their response to the IFN was
mixed, but encouraging. Our results supported the
earlier data of Haglund et al' and pointed out the
need to pursue further studies. McCabe and Clark®
have recently published information derived from
the 6- to-12-month treatment of a similar but some-
what larger group than ours in which they used
HLIFN that had been developed and purchased
from the New York Blood Center, Inc. This IFN is
theoretically the same as that obtained from the
Scandinavian sources, but there was suspicion that
not only was it more effective against RRP than the
Finnish IFN (FIFN), but also the toxicity seen with
the New York product seemed to be less. In light of
these suggestions, it seemed reasonable as well as
valuable that we should utilize the patients of our
series that had been treated with the Finnish pro-
duct in a similar trial with the IFN from the New
York Blood Center, Inc. (NYIFN).

The goal of this paper, then, is to report our ob-
servations in those nine patients of this original
study group who, after the 1-year trial of FIFN was
stopped, were put on a similar time/dose schedule
of NYIFN. The study was prospectively designed
and was jointly conducted by the Baylor College of
Medicine and the Departments of Otorhinolaryn-
gology and Head and Neck Surgery at the M.D. An-
derson Tumor Institute.

BACKGROUND

Recurrent Respiratory Papillomatosis. Although
the incidence of RRP is low in the overall context of
population studies,® the morbidity, the relentless-
ness of lesional reappearance, and the threat to life
associated with the treatment of these airway-com-
promising growths impose a substantial emotional

and financial burden on the families of those af-
flicted.

Recurrent respiratory papillomatosis occurs pre-
dominantly in the larynx of youngsters, but on oc-
casion has its onset in the adult years. It would seem
that, as a rule, the disease is more aggressive in the
younger age group. Certainly the smaller size of the
child’s larynx renders any intraluminal encroach-
ment by these warty lesions a more formidable com-
promise of the airway; in infants, strategically lo-
cated growths of any size create hazardous circum-
stances both in the awake state and especially dur-
ing the administration of general anesthesia. This
unique laryngeal distribution represents a predomi-
nant circumstance, but there are exceptions. For in-
stance, RRP occasionally occurs in the tracheobron-
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chial tree as well as in the hypopharyngeal area.
The reasons for this peculiar pattern of mucosal dis-
tribution is not known.

Regarding behavior, RRP is the master of predic-
table unpredictability. These lesions are unique
among the papillomas seen in humans, not only in
their distribution, but also because of their procliv-
ity for extremely variable activity. They can dem-
onstrate intense and relentless growth noticeable
even on a day-to-day basis. This state can exist for a
variable period that can be followed by a period of
total quiescence. Following such a period the
growths may reappear at any given time, or the pa-
tient might remain disease-free indefinitely. We
have seen these very behavior problems in several
patients. Other behavioral peculiarities can exist.
Patients with RRP during preschool years can ex-
perience total resolution during puberty and can re-
main papilloma-free until lesional reappearance
during middle age. We have also seen this occur-
rence. The reasons for this waxing and waning are
totally unknown. More commonly, RRP grows in a
chronic manner, requiring periodic surgical in-
tervention. The enigmatic nature of the behavior of
this disorder is, to say the least, impressive, and this
fact makes the evaluation of any therapeutic modal-
ity difficult.

Despite considerable investigative effort, the ex-
act etiology of RRP remains indefinite, but it is al-
most certainly viral, a contention supported by the
observations in these lesions of a tumorigenic, in-
tranuclear DNA virus belonging to the papova
group.®’ Human papilloma virus (HPV) has not
been isolated in these mucosal lesions, however, and
a lack of a successful cell-culture system has ham-
pered study of the molecular biology and genetics of
HPV.>® That the presumably responsible viral
agent is of the papova family is significant. Five dif-
ferent viruses have been identified in cutaneous
papillomas of man. Immunohistochemical tech-
niques suggest that the viruses that produce laryn-
geal papillomas and cutaneous warts are of a simi-
lar family subgroup.® These viruses are apparently
both host- and tissue-specific, and induce epithelial
and fibroepithelial lesions.'® It has also been sug-
gested that an HPV may also be responsible for such
mucosal papillomas as laryngeal and anogenital
warts. The clinical observations in mothers of
children afflicted with RRP is noteworthy in that a

substantial number of them have a history of having .

anogenital warts. Although definitive data derived
from prospective studies do not exist, other studies
lend support to the implications of this clinical ob-
servation.'

The literature regarding past and present treat-
ment methods of RRP is voluminous and provides a
litany of clinical experimentation.'®**** During re-
cent years, carbon dioxide (CO,) laser vaporization
of individual lesions has been the most popular

method used.’? Whatever the treatment method
employed, none has been curative. It is clear that
the search for a definitive and more biologic treat-
ment modality must continue, hence the interest in
IFN, a substance with potent antiviral, antiprolifer-
ative, and immunomodulating properties.

Interferon. It is inappropriate to simply use the
singular word “interferon” since there are many
cells capable of producing different interferons.
IFNs are antiviral, antiproliferative, and immuno-
modulating polypeptides. They are products of a
complex defense mechanism that involves the re-
lease of substances from cells following certain chal-
lenges. They have no direct antiviral action, but in-
stead are characterized by the ability to confer an-
tiviral resistance on virus-susceptible cells by induc-
ing the synthesis of intracellular enzymes that act to
control growth.?® The major types of IFN are those
that are induced by viral stimulation and those in-
duced by antigenic or mitogenic stimulus. The for-
mer group, type 1, includes leukocyte (alpha) and
fibroblast (beta); the latter group, type 2, is derived
from lymphocytes and is known as gamma. A more
homogenous leukocyte interferon can be produced
bacterially by recombinant DNA technology*' in
which single clonal derivatives are the end pro-
ducts.

METHODS

A nonrandomized study was conducted between June 1982 and
March 1983 on 11 patients with aggressive laryngeal and/or laryn-
gotracheobronchial (LTB) papillomatosis treated with partially
purified HLIFN obtained from the New York Blood Center, Inc.
Two patients had never been treated with IFN and the other nine
patients had undergone previous treatment with alpha-HLIFN
obtained from the Finnish Red Cross and Blood Transfusion Ser-
vice, Helsinki. These nine patients were chosen because their dis-
ease had become refractory to the IFN or the RRP had become re-
current following completion of and removal from the previously
reported protocol.? Before the patients were admitted to this
study, detailed histories were taken and physical examinations
were performed. Complete blood counts, platelet counts, liver
function studies, serum urea nitrogen, creatinine interpretation,
and chest radiographs were obtained. Suspension laryngoscopy
and appropriate laser vaporizations were performed on all pa-
tients prior to each patient’s enrollment in this study. All patients
had required numerous endoscopies previously and six patients
had at one time required or were currently dependent upon tra-
cheostomies. Three patients had LTB involvement.

Once the treatment was initiated, the patients underwent
monthly endoscopies as dictated by clinical progress. The extent
and distribution of papillomas were recorded diagrammatically
in each case in a manner that depicted the distribution and extent
of the lesion in different dimensions.

All visible papillomas were removed by CO, laser vaporization
in the larynx and tracheobronchial tree. The endoscopies and
treatments were done by one endoscopist (RBS). This same person
had done the endoscopy in the previous study that was conducted
with FIFN.

On each patient, complete blood differential and platelet
counts were obtained every other week; liver and renal function
studies were performed monthly or more frequently if required
because of abnormal findings.

The initial dose of IFN was 2 million units/m? daily given intra-
muscularly. The frequency of administration was changed to
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TABLE 1. RESULTS OF ALPHA-IFN THERAPY
Response
Case Age Onset Natural History Months on IFN Toxicity Initial Sustained
No. Sex (yr) (yr) Location Endoscopies NYIFN FIFN NYIFN FIFN NYIFN FIFN NYIFN FIFN
1l M 3 1.5 Larynx Many 9 i 1 1+ Slight  Slight  No 6* Yes
2 M 9 6.0 Larynx Many 7 6 2+ 3+ Good None Yes —
3 M 30 25.0 Larynx Many 8 10 None None Good Complete No 7* No 7*
(trach)
4 F 2 1.0 Larynx Many 8 12 1+ None Slight Mod — No 6*
TBP (trach)
5 M 27 2.0 Larynx 300 + 8 9 hap None Complete Good Yes Yes
(trach)
6 M 12 5.0 Larynx 100 + 8 12 1+ 2+ None Good — No 3*
i F 8 5.0 Larynx Many 8 1l 1ot 2+ Good Good Yes No 4*
(trach)
8 M 14 4.0 Larynx Many 8 i L5 1+ Good Slight Yes
TBP (trach)
9 M 4 2.0 Larynx Many 9 12 None None Mod Mod Yes Yes
TBP (trach)
101 M 2 1.0 Larynx Many 7 1+ Slight —
155 <M 5 4.0 Larynx Many 8 I None —

*No. of months response sustained.

T These patients did not participate in the FIFN study.
Mod - Moderate.

TBP - Tracheobronchial pulmonary involvement.

three times weekly whenever the papilloma growth rate de-
creased or remained stable over two successive endoscopies. Fur-
thermore, changes in frequency first (to three times weekly)
and/or reduction of the individual dose (to 1 million units/m?)
were called for whenever the absolute granulocyte count dropped
below 1,000 or the level of SGOT rose above 100 units/mL. If tox-
icity persisted despite dosage changes, IFN was temporarily dis-
continued until the test values returned to normal. The patients
themselves or family members were instructed in the technique of
injection for “at home” IFN administration.

The response to treatment was graded from the diagrams that
had been marked by the endoscopist. The diagram evaluation and
grading was done in the same manner as was used in the evalua-
tion of the responses to the FIFN in our previous study.? Addition-
ally, the same individual (W]D) performed this task in both of
these studies. A response was considered complete when no evi-
dence of papilloma was present in the laryngotracheal bronchial
area. A good response had an estimated 75% reduction of the
overall papilloma volume relative to the disease at the time of en-
trance into the study, a moderate response had 50 % to 75% esti-
mated reduction, and a slight response had 25% to 50% reduc-
tion. If no discernible reduction in growth occurred or if growth
increased, it was ruled a nonresponse. Reduction in papilloma
volume was assumed to represent a response to IFN.

RESULTS

All 11 patients completed a minimum of 8§
months on alpha-IFN therapy, an arbitrary mini-
mum that had been chosen in order to qualify these
patients for comparison data (Table 1). The re-
sponses were distributed as follows among these 11
patients: one complete response (patient sustained
response throughout study); four good responses
(three of four sustained); one moderate response
(patient sustained response throughout study); two
slight responses; two, no response. In five of the six
patients that demonstrated a moderate or better
response, that response was sustained throughout
the study.

Toxicity was evaluated in all 11 patients and was
measured by WBC drop and SGOT elevation. The
degree of toxicity was classified as slight (1 +) when

the SGOT remained under 100 and returned to nor-
mal with the adjustment of the IFN dosage, was
considered moderate (2+) when the SGOT level
was above 100 but returned to normal with proper
dosage adjustment, was considered marked (3+)
when the SGOT level was progressive and forced
discontinuation of the protocol. Temperature eleva-
tion to 40°C was seen in three patients during the
early stages of the study, but was not a problem
after several doses. Significant fatigue was present
in two patients. One patient had anorexia and
weight loss, and one of the two adult patients com-
plained of loss of libido. One patient had intense
myalgia while on treatment. None of these symp-
toms were considered as major signs of toxicity and
were ignored.

Two patients had neither signs nor changes in
laboratory values that could be attributable to IFN.
All the other nine patients had either symptoms or
signs that were directly attributed to the IFN. None
of these lasted beyond a week after medication was
discontinued.

SGOT elevation was present in four of the 11 pa-
tients and all of these responded to dose modifica-
tion. Two cases required twofold dosage reduction,
and one patient did not tolerate more than 1 million
units/m? three times weekly without a rise in the
SGOT beyond 100 units/mL.

An absolute granulocyte count below 2,000 was
observed in seven patients. In three patients, the
myelosuppression was parallel to the rise in SGOT,
and in all three there was prompt response after
dose modification. No thrombocytopenia occurred.

The general distribution of toxicity in adults as
opposed to children could not be evaluated due to
the fact that only two of the 11 patients were adults.
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TABLE 2. COMPARISON OF RESPONSES IN TWO GROUPS

TABLE 3. COMPARISON OF RESPONSES IN PATIENTS

OF PATIENTS ON BOTH PROTOCOLS
NYIFN FIFN NYIFN FIFN
Complete response il 5 Complete response 1 1
Good response 4 } 55% 3 } 83% Good response 4 } 67% 3 } 67 %
Moderate response 1 2 Moderate response 1 2
Slight response 3 2 Slight response 2 2
No response 2 0 No response 1 1
Total patients 11 19 Total patients 9 9

Both of these adults failed to show significant toxici-
ty to IFN.

No correlation between the response of papillo-
mas and the susceptibility of the patients to IFN
toxicity was seen in these 11 patients.

COMPARISON OF RESULTS
BETWEEN NYIFN AND FIFN

The comparative data accumulated is summar-
ized in Table 1. Overall comparison of responses be-
tween these 11 patients treated with NYIFN versus
the 12 patients from the previously reported group
treated with FIFN shows that 55% of those in the
NYIFN group recorded a moderate response or bet-
ter, while 83% of the FIFN group responded at a
level of moderate or better (Table 2). Considering
the limited number of patients in these two series,
one cannot ascribe statistical significance to this dif-
ference. This fact is supported by the obvious con-
tradiction shown by a direct, patient-to-patient
comparison of only those nine patients that par-
ticipated in both protocols (Table 3). It is upon
these nine patients that the attention of this analysis
should be focused. In Table 3, one can see that in
both the NYIFN and the FIFN groups, six of the
nine patients showed a moderate or better response,
ie, 67 % . This direct method of comparison should
more accurately reflect papilloma response to the
two IFNs. Carrying the direct comparison even fur-
ther, analysis shows that three of the nine patients
who participated in both studies responded more
substantially to the NYIFN than FIFN, three of the
nine responded the same to each IFN, and three of
the nine patients responded less to the New York
product than to the Finnish product.

Of those nine patients who participated in both
studies, six had either moderate, good, or complete
responses while three had slight responses or none.
The complete responder had been a good responder
to the Finnish product. Two good responders had
been a nonresponder and a slight responder respec-
tively on the Finnish product. The other two good
responders had been a complete responder and a
good responder previously. The one moderate re-
sponder had been a moderate responder to the
FIFN. The three patients who had either a slight or
a nonresponse to the New York product were cate-
gorized as follows: one slight responder had pre-
viously been a slight responder, the other slight
responder had previously been a moderate re-

sponder, and the nonresponder had previously been
a good responder.

Toxicity data comparisons reveal that two of the
nine patients demonstrated greater toxicity to the
New York product, three of the nine demonstrated
less, and in four of the nine patients, there was the
same level of toxicity seen with the administration
of both products.

Other specific observations about specific pa-
tients’ responses and toxicity should be made. Pa-
tient 5, a complete responder to the NYIFN,
became negligent with the administration of his
medication midway through the course of this pro-
tocol and the papilloma promptly began to grow
prolifically. Shortly after he restarted his injections,
he had another complete response. The cycle of
events occurred one other time with this same pa-
tient. Patient 6 had an extremely volatile toxicity
response to the FIFN from the first injection, and
was difficult to manage because of the “up and
down” nature of both his liver enzymes and his
WBC. He did seem, however, to have substantial
papilloma response to IFN as long as he was taking
the medication. On the other hand, his response to
NYIFN has been noticeably different in that he has
demonstrated only a slight degree of toxicity and
has tolerated his medication quite well; however,
his papilloma growth has been totally unresponsive.

DISCUSSION

The complexities of the natural history of RRP as
well as the absence of hard data regarding its
etiology have been explored and reexplored in the
medical literature. Little would be accomplished by
belaboring these topics in this paper; however, one
should understand how these problems impact on
the evaluation of any treatment modality. The
many methods of management tried on this enig-
matic disorder attest to the lack of consistent re-
sponse associated with any one particular treat-
ment. Although there is currently a great deal of in-
terest being shown in the IFNs, and the studies thus
far are encouraging, the final answer is clearly not
yet available. The natural history of RRP is so
variable both from individual to individual, and
also from one occurrence to the other in any given
patient, that measuring response of the lesions to
any treatment modality is difficult; thus any con-
clusions must be arrived at with considerable skep-
ticism. It is, in essence, difficult for one to judge
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whether a variation in papilloma volume or distri-
bution is related to the administration of IFN or is,
in fact, secondary to natural cycling of an erratical-
ly behaving affliction, or whether such variations
are related to a combination of both factors. With
these reservations in mind, clinical impressions
about treatment success or failure must be based on
striking rather than subtle changes in papilloma
volume. It follows that in our clinical study, the
most emphasis should be placed on the complete
and good responders. In the lesser responders, the
suggestion of response to IFN can be implied, but
only with stern reservations.

Considering that only 1,500 or so new papilloma
patients are encountered each year in the United
States,?? generating a statistically meaningful pa-
tient population in any one institution presents a
formidable task. Current ongoing, multiinstitu-
tional studies on IFN treatment of RRP will
hopefully provide the necessary numerical volume
lacking in this and other studies.??

An additional factor in gaining a confidence level
in judging the effects of IFN on RRP would be a
double-blind approach to treatment of these pa-
tients. This has not, however, been practical due to
the fact that often the administration of IFN is
associated with a transient febrile reaction as well
as other telltale systemic sensations such as a feeling
of general malaise. Disguising a placebo under such
circumstances is, to say the least, unreliable.

Considering all of these factors, then, limited but
nonetheless valuable goals can be sought in studies
such as ours. The pilot clinical studies in a general
way serve to augment overall knowledge through
the observations of experienced endoscopists, but
more importantly, suggest direction of the more
elaborate and enormously expensive multiinstitu-
tional studies. Additionally, we have attempted to
capitalize on the unique opportunity to sequentially
treat the same group of patients with two different
sources of IFN, and while using the same standards
of observation by the same endoscopist, make com-
parisons on the responses to each.

With regard to the IFNs themselves, most of the
basic knowledge gained in the treatment of RRP has
been with alpha or HLIFN. The relatively impure
varieties made by the two sources discussed in this
paper, ie, FIFN and NYIFN, are both alpha IFNs,
supposedly made by similar methods, ie, from buffy
coat lymphocytes that are stimulated to produce an
IFN that contains a variety of subtypes or clones, all
of which have probably not been identified.?
Through recombinant DNA technology, individual
clones or subtypes of various IFNs can be produced,
rather than the mixture that is harvested in vitro by
these other techniques. These in vitro responses to
various biochemical manipulations are not, how-
ever, necessarily the way the in vivo interferon is
produced. Much remains to be learned in this gen-

eral area, and, as is often-the case in many areas of
scientific investigation, the more that is learned, the
more complicated this entire system becomes. At
the time we published our original data? last year
on the FIFN, the unpublished preliminary data
from Iowa suggested that the NYIFN might become
more effective against RRP than the Finnish pro-
duct. In our publication, we speculated on the ac-
tual occurrence of an array of different subtypes in
the two products, and even speculated on RRP be-
ing subtype-specific.

Using FIFN we had showed a substantial re-
sponse in a majority of the patients, but not all of
them sustained their response. The results were
clearly discouraging and our overall impression was
that in certain patients, the IFN that we were using
was quite helpful. With the suggestion of an even
higher response rate and less toxicity with the
NYIFN, we were anxious to use that product and
did so in nine of those original 12 patients in a man-
ner similar to the first study. Our impressions are
not what we expected; we have seen no clear-cut
difference in responses in this group using the New
York product. Using the same criteria for response
evaluation, similar percentages responded substan-
tially to the NYIFN as to the FIFN (Table 3). In
fact, of those nine patients treated with both the
IFNs, an equal number of patients (three) re-
sponded to a lesser degree to the NYIFN as re-
sponded to a greater degree. Since our publication,
McCabe and Clark’s report on 19 RRP patients
treated with NYIFN has been published.? Overall
response rates are similar, but we are especially in-
terested in their seemingly higher percentage of
complete responders. Assuming, of course, that the
two patient populations are similar, one could only
account for this by either a sampling error or a
dosage/time schedule difference between the two
studies. Since it is our impression that dosage level,
although important, is not the critical factor in
response, we would tend to explain this difference
between McCabe and Clark’s complete response
rate and ours by sampling error, ie, our small series.

There is a suggestion that there is less toxicity
associated with the administration of NYIFN, and
there does seem to be a more stable acceptance of
this product. Regarding toxicity, it was originally
thought to be related to impurities in the IFN pro-
ducts. This is apparently not the case, since such
toxicity manifestations are seen in those patients
treated with the much more pure lymphoblastoid
IFN and also the clones produced by recombinant
technology. The toxicity phenomenon is apparently
due to the IFNs themselves and, if one carries this
line of thinking even further, the alterations in
measurable parameters that we are seeing may not
be manifestations of “toxicity” at all, but may be
natural biochemical alterations induced by IFN. In
a similar way, one can hardly refer to myelosup-
pression as toxicity, since this is a reflection of one of



INTERFERON AND RESPIRATORY PAPILLOMATOSIS 65

the main characteristics of IFN, namely an antipro-
liferative activity. As a matter of practical neces-
sity, however, in these patients treated with NYIFN
just as in those of the FIFN group, SGOT elevation
was a dose-limiting factor. Since no liver biopsies
were done, the histomorphologic state of the liver
under these circumstances is not known. Whether
or not there was an inflammatory tissue response is
uncertain; all such elevations returned to normal
following either lowering of dosage or temporary
cessation of the IFN altogether. The exact patho-
genesis of the liver response is further compounded
by the fact that most of these patients have had
multiple general anesthetics, a circumstance that
may influence overall liver health.

Overall, this is a vast and fertile area for re-
search. Currently there are several horizons in this
general area of clinical research that we would like
to mention. There are two current clinical trials be-
ing undertaken, one using alpha-HLIFN from the

New York Blood Center, Inc, on a large group of
patients, hopefully of sufficient size to establish
statistical credibility to our initial clinical impres-
sion that a substantial percentage of RRP patients
benefit from IFN. Secondly, there is another study
in which a group is being treated and studied with
lymphoblastoid IFN, supposedly a substantially
purer version of alpha IFN. We hope that the re-
sults of these studies will lead to at least limited ap-
proval by federal regulatory agencies for usage of
IFN in RRP. Regarding its general use, it is essential
to bear in mind that in tampering with the immune
system, clinical investigators assume responsibilities
that are far-reaching. Thus far, the problems
reported are nil; however, consistent standards
should be maintained. Patients with aggressive and
troublesome RRP should be selected for treatment
rather than those with less aggressive and slow-
growing RRP that can be easily controlled with con-
ventional means.
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TRAINING SINGING CHILDREN
DURING THE PHASES OF VOICE MUTATION

IRVING M. BLATT, MD

NEwW ORLEANS, LOUISIANA

Development of singing ability in children is well documented and frequently fraught with admonitions to postpone formal training
until the age of 17 or 18 years for boys and 16 years for girls, when voice change is usually complete and the risk for damaging developing
structures is minimal. The author contends that the interval of voice mutation, a time of rapid physical change, is precisely the period
when the young singer should pursue human musical instrument training under tutelage of singing teachers knowledgeable and experi-
enced in the training techniques described herein and with the guidance of an otorhinolaryngologist to evaluate and monitor fitness. Voice
mutation is viewed as a natural process of maturation, which can be enhanced by a formal training program.

PROBLEM AND CHALLENGE OF THE
MUTATIONAL VOICE

Whether or not to sing during the time of voice
mutation continues to be an interesting controversy
of empirical and scientific phoniatry. The corollary
challenges the successful transformation of the pre-
pubertal singing voice through the mutational
period to the adult voice, regardless of the ultimate
compass of the mature singing voice.

The author’s thesis is that the problem of success-
ful voice mutation can be solved by devising a train-
ing program for singing children during prepuber-
tal, pubertal, and adolescent phases of voice muta-
tion to develop stable techniques in the dynamic
process of singing: respiration, phonation, resona-
tion, and phonetics.

HISTORICAL REVIEW

During the monophonic Graeco-Roman period,
the prepubertal boy’s voice was important for solo
singing accompanied by the reeded aulo and the
stringed kithara.! The art-loving societies of that
antiquity were aware of pubertal voice change, and
some teachers “prepared” children for singing
careers by infibulation and castration.?

Surviving examples of fourth century Byzantine
music in the early eastern Christian church include
parts written for castrati.® Female singers were ex-
cluded from church choirs in accordance with Paul-
ist doctrine as noted in I Corinthians 14:34, “The
women should keep silent in the churches, for they
are not permitted to speak, but should be subordi-
nate, even as the law says.”*

After the development of polyphony in music
during the 11th century,' extensive use was made of
boys’ voices in the churches of Christendom. Pay-
ment was made for children’s services at this time,
and reportedly some boys were kidnapped to sing.?

From the Julius Lempert Memorial Clinic, Metairie, Louisiana.

With secular solo and choral singing, particularly
during the mature Baroque period of the 17th cen-
tury, all registers of male voices became popular for
both oratorio and opera,' and the successful trans-
formation from boy’s to adult voice was of signifi-
cant concern.

In the 19th century, it also became fashionable to
attend the pubertal change in the girl’s voice, which
was found to be a less profound problem. The
whole subject of how to manage the period of vocal
mutation was brought into sharp focus in the latter
19th century by ethical differences of opinion be-
tween the singing teacher who invented the mirror
laryngoscope, Manuel Garcia, and a contemporary
laryngologist, Sir Morell MacKenzie. Garcia and
his proponents forbade all singing for the entire
period of pubertal voice change,® while MacKenzie
and his allies favored varied degrees of continued
singing.®

At the turn of the 20th century, Dawson’ worked
to diminish the hazards of mutation for the ensuing
adult voice by systematic singing at the time of mu-
tation. This choirmaster frequently evaluated the
compass of the voices of his boys, kept them singing,
and led them safely through their mutation periods,
preventing even the breaking of the boys’ speaking
voices.

Thus the stage has been set for consideration of a
systematic singing training program for boys and
girls’ voices in the 1980s to insure a successful tran-
sition. The program we developed, which may be
considered voice habilitation for singing children,
includes hygienic skills designed to maintain heal-
thy structures and prevent pathological conditions
that can develop during mutation.

MATERIAL AND METHODS
EXPRESSIONS RELATED TO SINGING

Training. This term means forming and directing by instruc-

Presented at the meeting of the American Laryngological Association, New Orleans, April 10-11, 1983.
REPRINTS — Irving M. Blatt, MD, Louisiana Neurosensory Clinic, 4770 I-10 Service Road, Suite 210, Metairie, LA 70001.
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TABLE 1. CHARACTERISTICS OF SUBJECTS STUDIED (N = 175)

Age (yr) Length of Study Sex Total
Category Range  Average Range Average M F Children
Voice class participants in Louisiana gifted and talented
program 7-16 1026 2 mo-4 yr 1.4 44 64 108
Children receiving private individual instruction 7-16 10.4 5 mo-8 yr 2.6 21 46 67

tion, discipline, and drill; training includes diet, exercise, and
hygiene.

Technique of Singing. Technique refers to a method of perfor-
mance. The concept of technique described here is that the fun-
damental principles of singing are identical for all voices of every
age and type. The only difference in performance is the degree of
execution and refinement. Singing technique involves total body
action for human musical instrumentation. It is essentially an
athletic event for artful sound production.

Singing Voice Mutation. This term refers to physiologic
changes in the developing child expressed as voice changes which
occur over time until the adult form is achieved. Pathological con-
ditions are not the natural consequence of voice change and have
not been experienced in this study utilizing the singing techniques
described.

Prepubertal Singing Voice. This refers to “head voice,” as dis-
tinct from “chest voice,” and is usually identified in children aged
5 through 11 (elementary grades 1 through 6).

Pubertal Singing Voice. The voice of the developing child is
usually identified at age 12 and 13 (middle and junior high school
grades 7 through 9).®

Adolescent Singing Voice. The voice of the young adult
emerges usually at age 14 through 17 years (grades 10 through
12).

CRITERIA FOR SELECTION OF SUBJECTS

Published observations on training children to sing include
discussions of the following criteria: specific capabilities of
children at different age levels, some as early as age 3;°' intrasen-
sory and intersensory perception of transfer of melodic contour;"
motor skill development relevant for music;'? designated fre-
quency range;" and peer behavior in the form of modeling, tutor-
ing, and encouragement of student work in the process of vocal
instrument learning.'#**

Our children, selected from the public and Catholic school sys-
tems of southern Louisiana, were found to possess prospective
singing talent, acting ability, musical intelligence, and physical
vigor. The criteria for selection include the following traits:

1. Vocal tone and quality, with carrying power; “ring” sonori-
ty and command (ability to have and use); a sense of pitch
(ability to hear, duplicate, and produce).

2. Ability to hear and interpret rhythms accurately and to
identify musical intervals. Reading experience was not nec-
essary for selection.

3. Responsive personality, with imagination.

4. Eagerness and enthusiasm for learning.

5. A healthy human musical instrument.

Characteristics of Subjects. The study included more than
1,000 children from southern Louisiana, 175 of whom were ob-

served and trained in this technique (Table 1). The remaining
children (Table 2) were primarily under the tutelage of their own
choral directors and singing teachers who applied the principles
and techniques of training and hygiene herein described. Thus the
population consisted of two groups (Tables 1 and 2).

RESULTS OF PREVIOUS STUDY

In 1977, Astraquillo et al'® published the results of a 6-year
study of singing techniques practiced by undergraduate college
voice majors utilizing electromyography, a laboratory method for
evaluating muscle function. Observations were made on the rela-
tionship between abdominal muscle discipline and the act of sing-
ing, utilizing a series of graduated vocalises. The findings are im-
portant for proper breathing for singing, and the methods were
similar to the methods used for this study.

1. Muscle action potentials (MAP) from all recorded locations
for any tested tonal frequency increased as the air supply de-
creased.

2. With both staccato and legato articulation, muscle activity
often preceded the onset of voice. This was true with low
tones with low volumes as well as high tones with high
volumes. With high pitch at high intensity, phasic muscle
activity was evident in all MAP locations, especially with
trained subjects.

3. Untrained subjects were found to have more thoracic activi-
ty as monitored by impedance pneumography.

4. Phasic muscle activity with good abdominal control was
most readily observed in trained subjects during staccato ar-
ticulation. In legato singing, with high pitch and high-tone
volume, muscle activity was constant in trained subjects.

5. All muscles did not return to their previous resting potential
between articulations. The faster the exercise or vocalise
and the higher the tonal quality of the vocalise, the more ac-
tive (shorter resting length) and more constant the muscle
activity was in trained subjects.

OBJECTIVES

The present study explores the following questions. Can
children ages 6 to 16 develop singing concepts and skills and per-
form musically with comprehension of style, musical structure,
and nuance after a training program similar to that used with
college-level subjects?

Can the techniques making up the program be used from child-
hood through the period of mutation by both boys and girls with-
out damage? What effect on the cambiata, or boy’s voice, can be
detected?

What is the role of the physician in voice development and
training of singing children?

Objectives, activities designed to accomplish the objectives,
and end-result behaviors are presented in detail in Table 3.

TABLE 2. PUBLIC AND CATHOLIC SCHOOL CHILDREN TRAINED WITH DESCRIBED PROTOCOL

Site, Grade Level & Age Range

Children
Onset of  Per Year

Type of Singing Training Program (avg)

Elementary school, East Baton Rouge Parish public schools,
grades 4-9, ages 9-14

Junior high school, Lafourche Parish public schools
(Thibodaux, La), grades 7-9, ages 12-14

Ascension Parish high school, grades 10-12, ages 15-17

Catholic church parishes of Lafayette, Opelousas, Mamou,
Grand Coteau, & Sunset, grades 1-10, ages 6-15

Choral & some individual instruction 1979 100

Choral & some individual instruction 1976 100

Choral & some individual instruction 1981 100

Church choir & some individual 1978 200
instruction
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TABLE 3. TRAINING PROGRAM FOR SUCCESSFUL SINGING THROUGH PERIOD OF VOICE MUTATION

Obijective

Activities

Results

Promote understanding of facts about
singing & overall knowledge of requisite
skills to clarify & guide future study

Develop understanding of fundamental
principles of efficient breath control,
learn to coordinate physical effort, vo-
calize sound

Establish clear accurate mental control
& concepts of tone production in instan-
taneous coordination of respiration-pho-
nation-resonation (prephonatory tuning).

Know technical concepts of tone pro-
duction

Devise and select vocalises fundamental,
manageable, practical, & adaptable to
every phase of vocal development for
designated voice in children

Promote carryover of vocal-musical con-
trols from structured vocalises to vocal
literature providing backbone for teach-
ing musical style & interpretation

Encourage & guide disciplined regular
practice to establish pattern of coordin-
ation, the basis of all singing

In formal lesson or classroom setting, team mem-
ber to define & describe technical goals, displaying
attitudes of enthusiasm, interest & pleasure, dem-
onstrating technique & musicianship necessary for
success in singing; practice of good vocal hygiene
described, instituted, & supervised

Regular practice of following exercises, drills, be-
haviors supervised by team member or by student
alone: posture exercises; different types of breath
control (aimed at ultimate adoption of most of
efficient type); practice of coordinating breathing
with sung sound, pulsated drills, vibrato exer-
cises, vocal initiation (attack), release, vocal
phrasing, staccato, legato articulations

Utilization of pictures, models, & demonstrations
to teach singing with entire body, using axial and
appendicular skeleton for lever action, attached
voluntary muscles as force generators, ligaments
and tendons as loaded springs, trunk as air energi-
zer, larynx as sound oscillator, head & neck as
resonator system, & nervous system as prephona-
tory-conceptualizer-tuner with its eripEeral sen-
sory receptor & motor effector mechanisms

Regular practice to initiate & develop open
throat; drills, exercises, selection of music for
equalized vocal registers, bridging transitions for
male & female voices, dynamic controls of 3
gradations of intensity (piano, mezzo forte, forte);
agility & flexibility drills

Appropriate vocalization methods for specific vocal
problems of individual voices. Supervised practice
vocalizing vowel sounds for developing, condition-
ing, coordinating singing process

Teaching of vocalises as part of songs learned &
vocalises created to realize & fulfill music

Learning process achieved in home with direct in-
volvement and guidance of parents who promote
positive attitudes toward vocal practice. Length of
practice dependent on age differential of child,
attention span, stamina, experience, goal or objec-
tive to be achieved

Gradual reduction in consciousness,
nervousness & fright in performance

Improvement in posture, carriage,
less heaving with upper chest &
shoulders; perceptions of state of
buoyancy based on practice of vocal
patterns; elimination of habits of
“scooping” to tone; legato phrasing
“neat” & definite but not explosive

Awareness of body as total human
musical instrument; conscious con-
trol of vocal conduct

Relaxed tones characterized by fewer
breaks in vocal line or scale, richness,
carrying power; child experiencing
state of buoyancy, not stiff, going eas-
ily from one tone to another

Optimum physical power for young
voice at given level, persistent atten-
tion to good tone production, gratifi-
cation of vocal growth, interest in fur-
ther serious vocal study

Agility & articulation speed pro-
duced with ease; even and undis-
torted scales resulting from balanced
muscular control & breath pressure

Musical achievement, self-reliance;
successful singing through period of
mutation

VOCALISES

Definition and Purposes. Vocalization in musical terminology
is the formation or utterance of vocal sounds. Practice singing ex-
ercises using vowel sounds are called vocalises. Vocal objectives
are achieved through proper vocalization methods. Vocalizing
vowel sounds is a developing, conditioning, and coordinating pro-
cess. The value of the vocalise is not the exercise per se, but the
manner in which it is performed. Of greatest concern is the way
the entire vocal mechanism reacts as it responds to the exercises
selected. The purpose of any vocalise is to provide feedback.
Unless there is continuous sensory awareness, a singer cannot ade-
quately monitor his or her singing performance; without monitor-
ing, the exercise is useless. As musicians become accustomed to the
demands of intense concentration, they are able to attend to sen-
sory stimuli for increasingly longer periods of practice.

Structure. These exercises are carefully constructed from simple
to complex, to help the singers control a given aspect or skill of
vocal production which they wish to establish or modify. As they
gradually achieve improved control based upon enhanced use of
feedback, they are able to maintain improved vocal production in
more complex exercises. Then, a vocal control program can be
planned through various levels of vocalises to action and song
literature. Vocalises are also constructed to develop high degrees
of auditory acuity and psychophysical and biomechanical alert-
ness. The vocalises evolve from primary intervals to traditional
major and minor scales according to the ability and needs of the
singer. Rhythmic execution is of primary importance in establish-

ing the permanence and flow of pulse patterns and durational
units. The singer soon gets the idea that the whole body is in-
volved in singing. Flexibility and agility exercises are introduced
which enhance the continuity of breath and sung sound and
which also serve to divert mechanical stress on vocal mechanisms
by establishing deep breathing patterns. The exercises are struc-
tured to develop musical hearing ability by intensifying rhythmic
and tonal memory.

Programming. The vocalises are arranged in a hierarchical
setup, starting with basic aspects of tonality and graduating to
more complex levels. Musical experience is absorbed first before
understanding the related notation of patterns. Vocal skills are
not taught in isolation but as part of songs learned. The exercises
are created to assist in mastering the music. Thus the singer ex-
periences the end-result toward which the concepts and skills are
directed.

ROLE OF THE PHYSICIAN IN THE
MANAGEMENT-TRAINING TEAM

PLANNING A SYSTEM OF CARE

Supervision of medical care for singing children
allows the otorhinolaryngologist to experience some
of the romance of practicing the art of scientific
medicine, which embraces both hygiene and thera-
peutics. In the 1980s, the physician has the oppor-
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tunity and responsibility to become increasingly in-
volved with health planning for children who sing,
in the sense of preventive medicine and health
maintenance.

Health preservation means not only that harm is
avoided, but that the body is kept in optimal work-
ing order. In conceptualizing the human musical
instrument, health care for singing children should
encompass the broad concept enunciated in 1887 by
Sir Morell MacKenzie,® that singers are athletes as
well as artists, and more daily exercise is required to
fit them for their arduous exertions than is required
for runners or football players. A vocal artist, from
childhood on, must always be in training.

INSTRUCTION IN GROWTH AND DEVELOPMENT

Physical growth and development over long
periods result in changes in the size and function of
the organism which have an effect on voice devel-
opment. It is often observed that children seem to
be bigger than they used to be, which is quite cor-
rect. Measurements of boys and girls made in
various parts of the world during the past 100 years
demonstrate that the average size of children at all
ages has increased markedly.'” Although the in-
crease in adult size accounted for part of the size in-
crease in children, a greater part of the increase in
children’s size was related to earlier maturation.
During the past 50 to 100 years, children in North
America, Europe, and parts of Asia, have shown
pubertal changes earlier.'” The trend toward earlier
maturation is probably controlled primarily by en-
vironmental variables, better nutrition being the
most obvious. In the 1980s, children in many areas
of the United States are reaching puberty 3 to 5
years sooner than in decades gone by. The average
age at which growth stops is also younger. At this
time it is unusual for a male to grow more than a
few centimeters after reaching 19 years of age. The
complex metabolic and physical changes associated
with puberty must be recognized by the otorhino-
laryngologist and communicated to singers and
their families as they relate to voice change and de-
velopment.

Intellectual growth and development, particular-
ly communicative skills and the ability to handle
abstract, symbolic and integrative materials and
concepts, are difficult to measure. Based on
previous experience with college voice majors, ' the
traditional concept of “voice” as consisting of throat
and vocal cords has given way to the larger view of
voice as the human musical instrument. The role of
the otorhinolaryngologist is to explain to the singer
and other laymen the biomechanics of artful sound
production. The following information should be
transmitted:

1. The act of singing requires a total body biome-
chanical discipline to produce artful sound,
the singer’s only product.'®

2. The human musical instrument includes a

framework: the axial and appendicular skel-
eton for linkage and lever action, with at-
tached voluntary muscles as force generators;
ligaments and tendons functioning as loaded
springs for unloading potential energy precise-
ly and with deliberation.

3. With training, the anatomical trunk (chest
and abdomen) can be used to provide effective
breathing for singing. In effective breathing,
the inhalation process is planned and under
voluntary control, and the exhalation process
is a controlled state of forced exhalation for
energizing the human musical instrument.'®

4. The glottic vibrator-oscillator or the larynx
functions as a folding system for generating
acoustic waves.'®

5. The head and neck provide a tubed resonator.

6. The nervous system acts as a prephonatory
conceptualizer-tuner, with peripheral sensory
receptor and motor effector mechanisms.
Thus the musicolinguistic event of singing is
instantaneously created and recreated after its
prevocalic conceptualization.

Emotional growth and development is an impor-
tant objective of a hygiene regimen for the singing
child and depends on the child’s ability to establish
supportive bonds with others, to develop the capa-
city for love and affection, and to handle anxieties
arising from the frustration which can accompany
singing training, including peer approval and dis-
approval.'® Learning is an essential component of
acculturation. If a pattern of behavior is consistent-
ly associated with pleasant circumstances in the
singing training environment, a positive pattern is
likely to emerge, even though aspects of the
student’s life or home environment may be unpleas-
ant. The physician may explain the principles of be-
havior modification and shaping® to parents and
other family members and encourage application of
behavioral techniques to the training regimen of
singing children.

HEAD AND NECK EVALUATION

The usual history and medical record is estab-
lished for each child prior to a more individualized
evaluation. Four types of people participate in the
initial “interview”: subject, parents, office nurse
(witness), and physician. Parents are advised that
the singing teacher has referred the child for
medical evaluation as a human musical instrument.
The physician’s role is to evaluate the health of the
child, provide therapy if needed, and encourage
hygienic practices aimed at health maintenance.

Every effort is made to gain the confidence and
cooperation of singers and their families. The con-
cept of voice mutation is carefully explained, and
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