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MINUTES OF THE EXECUTIVE SESSIONS
First Session — May 1, 1982

The first Executive Session of the One Hundred
Third Annual Meeting was convened at 8:15 AM in
the Venetian Room of The Breakers, Palm Beach,
Florida, Harold G. Tabb, MD, New Orleans, pre-
siding. The following candidates, having been rec-
ommended for Fellowship by the Council, were
unanimously elected:

To Active Fellowship:
Willard E. Fee, Jr, MD, Stanford, California
Nels R. Olson, MD, Ann Arbor, Michigan
Eugene Rontal, MD, Bloomfield Hills, Michigan
Stanley Earl Thawley, MD, St. Louis, Missouri

To Emeritus Fellowship:

John Daly, MD, New York, New York
Charles F. Ferguson, MD, Osterville, Maine

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 Tabb.

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

Stanton A. Friedberg, MD, Chairman
DeGraaf Woodman, MD

William Hudson, MD

Charles Norris, MD

The following Officers’ reports were submitted
and duly accepted:
Report of the Secretary
Report of the Historian-Editor

Second Session — May 2, 1982

The second Executive Session was opened by
Secretary Trible at 1:15 pM. Dr. Pratt gave the
Treasurer’s report. This concluded with a motion
that the dues be raised by $25.00 for the coming
year. This motion was seconded and passed. The
Nominating Committee report was received, and
the report from the American College of Surgeons
was given by Dr. Gabriel F. Tucker, ]Jr.

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 Tabb. After a
brief organizational meeting, the Directors announced
that their organization for the year 1982-83 is as fol-
lows:

President: M. Stuart Strong, MD
Vice-President (President-Elect): John Lewis, MD
Secretary: Eugene N. Myers, MD

Treasurer: Loring Pratt, MD
Historian-Editor: Gabriel F. Tucker, Jr, MD
Councilor at Large: Herbert N. Dedo, MD
Councilor at Large: Claude L. Pennington, MD
First Councilor: John Kirchner, MD

Second Councilor: Daniel Miller, MD

Third Councilor: Harold Tabb, MD

Following the organization of the Directors, in-
coming President Strong presented the pin to retir-
ing President Tabb who thanked the Association
and all who helped to make the year and the pro-
gram of the Annual Meeting successful. President
Strong adjourned the meeting.



REPORTS

REPORT OF THE SECRETARY

The membership at the present time is 7 Honorary, 37
Emeritus, 93 Active, and 14 Corresponding, for a total of 151. I
regret to inform you we have lost three Emeritus members to
death in the past year — Drs. French Hansel, John Lindsay and
James Harrill. Dr. Paul Campbell (Emeritus) resigned.

Our banquet tonight will be in the Beach Club with the recep-
tion starting at 7:00 PM and the dinner at 8:00 PM. Once again this
year we would like to have the banquet tickets signed before they
are picked up as this cross-check proves most valuable in the prop-
er billing of the membership. Should someone have a different
name than their host, please have “Guest of =
written on it.

Next year we meet at the Fairmont Hotel in New Orleans on
April 9 and 10, 1983.

In conclusion I wish to thank the council for their help this
year, especially President Tabb, and the councils of the past five
years which steered me through my tenure as secretary. It has
been a great pleasure to work with these fine councilors, and next
year it will be a greater pleasure to sit with you and listen to these
reports.

Respectfully submitted,
William M. Trible, MD
Secretary

REPORT OF HISTORIAN-EDITOR

As Historian, I have the sad duty to report the deaths of four
Emeritus Fellows:

French Hansel (elected to Active Fellowship 1940 and to
Emeritus Fellowship 1960) died August 29, 1981; James A. Har-
rill (elected to Active Fellowship 1957 and to Emeritus Fellowship
1980) died March 16, 1982; John R. Lindsay (elected to Active
Fellowship 1949 and to Emeritus Fellowship 1967) died Decem-
ber 21, 1981; Kenneth A. Phelps (elected to Active Fellowship
1948 and to Emeritus Fellowship 1957) died September 9, 1980.

As Editor: the usual 200 bound copies of the Transactions were
printed at a cost of $6,500. Of the 160 pages, 101 (22 papers) had
previously been printed in the September-October Annals. For
comparison one might note that the 1980 Transactions cost $5,635
and contained 125 pages of which 91 (14 papers and 7 case

reports) were reprinted from the November-December 1980 An-
nals. In an effort to keep publishing costs at a minimum, the
discussions rather than being interwoven were “at the end of the
Annals block.” The publishers insist that to have interwoven these
discussions as presented would have cost us another $1,000.

As we approach publication of the proceedings of this meeting,
it should be noted that there were originally 28 scheduled papers.
In addition to the increased length of the volume, the Annals has
now expressed concern that our Transactions may increase the
cost of the issue in which they are published. We are working
closely with the Annals exploring various alternatives to minimize
the expense of next year’s Transactions.

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

REPORT OF THE NOMINATING COMMITTEE

Mr. President, Fellows, on behalf of the Nominating Commit-

tee, I would like to propose the following Council members for
the year 1982-83:

M. Stuart Strong, MD
John S. Lewis, MD
Eugene N. Myers, MD
Loring W. Pratt, MD
Gabriel F. Tucker, Jr, MD

John A. Kirchner, MD
Daniel Miller, MD
Harold G. Tabb, MD
Herbert H. Dedo, MD
Claude L. Pennington, MD

Respectfully submitted,
Stanton Friedberg, MD
Chairman

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

As your representative I attended the Board of Governors’
meeting at the 1981 convocation of the College in San Francisco; I
was at that time elected to serve another 3-year term as your
representative. The American College of Surgeons continues its
vigorous activity; their 1982 budget is almost $12,000,000. Of
their current membership of 44,847, otolaryngologists make up
2,776 (6.19%). The College continues its activity regarding such
timely subjects as professional liability, accreditation of graduate
medical education programs, cost containment (including a re-
cent article by our treasurer, Loring W. Pratt, on the patient’s
role in cost containment). Regarding Second Surgical Opinion

Programs, the American College of Surgeons is opposed to these
mandatory programs, but does not oppose voluntary programs
that are well planned and thoughtfully implemented. As this
society’s representative on the Board of Governors, I would
welcome instruction from the membership and the Council as to
any matters which they wish me to present to that Board of
Governors.

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



REPORTS -
REPORT OF THE ACCOUNTANT

To the Officers and Directors of
American Laryngological Association

The accompanying balance sheets of the general fund and trust
funds of the American Laryngological Association as of March 31,
1982, and the related statements of income and retained earnings
have been compiled by us. This compilation is limited to present-
ing, in the form of financial statements, information that is the
representation of management.

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

April 26, 1982

REPORT OF THE TREASURER
AMERICAN LARYNGOLOGICAL ASSOCIATION

STATEMENT OF ASSETS, LIABILITIES AND
FUND BALANCES — MARCH 31, 1982

STATEMENT OF RECEIPTS AND EXPENSES —
GENERAL FUND
FOR THE FISCAL YEAR ENDED MARCH 31, 1982

ASSETS -
. eceipts:
Geteral Fund, Bies o L7 T L el $13,500
Cash (deficit) ..................... $( 2,899 Imitiation feessat=tdlias S eieng, 500
Trust Fund: Banquet =2t el e 6,278
Cutrent Assots: Nonmember attendance . ........... 6,100
Sale of Fransactionss 7. 5ot s 2,154
Cash due from General Fund . .. .. $ Sl 307 A S 25
8% % Treasury note due 5/30/83 ... 20,060 Miscellaneous ~iee. % v o - 0 5. 46
1175 % Treasury note due 8/15/83 .. 14,981 Totalites "o s s s o $28,603
Certificates of deposit due ; :
A/96/80SO/IRIR i 99,768 D’g’x"”s’"e"tfs' e
@ommon stocksdisy s Tl 13,980 pelggsl O& alrgéga Lo
TotalAssetss s ot v ot e $147,197 Banquetivi ol See o o 3,346
. Programs, inserts and certificates . . 3,783
LIABILITIES Kanata Conference consultants . . . . 6,959
Noae Miseellaneousig 2 ssd i d o i oh 15221
Council travel and expense ......... 3,176
SRR e Administrative expenses ............ 886
@eneralifiomds sttt $( 2,899) Transactions expense 1980 & 1981 . .. 12 4119
TristBEands s it e 150,096 Gelglejra;! el ML i
g T rinting, postage and supplies . . . . . :
Total Fund Balances ................. % ProfessionalifeesSisssiniasg = 14155
See accountant’s letter and notes to financial statements. Honorarium ................... 2,100
@ontributioni shere = i 100
Bonde- e SErgL den bl ek, 40
Total 208 T wd vm v 39,689
NetIncome(boss) -7 i (11,086)
General Fund Balance
Beginning of year, April 1, 1981 .. ... 8,187
End of year, March 31,1982 ........ $( 2,899)
See accountant’s letter and notes to financial statements.
STATEMENT OF INDIVIDUAL TRUST FUNDS, MARCH 31, 1982
Receipts
Fund Invest- Fund
Balance ment Disburse- Balance
4/1/81 Total Donations Income ments Transfers  3/31/82
Daniel €. Baker, Jr, Memorial Fund =+ ... . 0 g 9ai) $29:820 1 $:12274 % 50 “$2 324 $2,703 $ 29,441
@asselberryiBundi. o0l T on v nn e e S 13,244 936 936 14,180
JohnstondEnnds &9 S0 2w G ied. Sk SREas e Ao 12,549 888 888 13,437
DeRoaldes Eundiis vl sasie e Saos = ol johnticet 7,502 535 535 8,037
NewecombiErust Bundard caaraisansnns 0000 S e 4,925 352 352 5 201
Newcomb;Prize, Bund. s S Snmicesris: ot b Sas 1,149 73 73 15:222
ResearchiBuneléc s it o v s e i 42,596 2,893 2,893 $4,207 49,696
MemerialsEund - soe i el e et e 28,806 4,207 4,207 (4,207) 28,806
SRt P ERSEL Se i e s S e e $140,591 $12,158 $ 50 $12.208 $2,703 $ $150,096

See accountant's letter and notes to financial statements.



10 REPORTS
GENERAL FUND — RESUME
For the Year Ended March 31, April 1, 1978, Through March 15,
1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
EXPENSES
Annual
meeting $ 3,899 $ 59204 $ 4525 8 5.664 $::3.615:~ $16,930" '$ 18,391 $79:083" $°8,051  "$°16.,195
Council 1,447 1,800 1,360 1,906 2,042 3,348 4,097 3,972 4,163 3,176
Transactions 3,477 2,833 5,124 4,458 4,824 4,124 6,544 5,358 - 12,112
General 940 3,279 3,697 2,373 4,585 55512 6,550 7,434 6,339 8,206
Totals 9,763 13,116 14,706 14,401 15,066 19,914 35,582 25,797 18,553 39,689
INCOME 12,411 14,723 13,284* 16752* 16,621* 14,788* 21,426 o, 257 23,271 28,603
GAIN (LOSS) $ 2,648 $ 1,607 $(1,422) $ 2,351 $ 1,555 $(5,126) $(14,156) $ 1,460 $ 4,718  $(11,086)
*Excluding centennial assessments.
See accountant’s letter and notes to financial statements.
STATEMENT OF TRUST FUNDS FUND BALANCES
FOR THE YEAR ENDED MARCH 31, 1982
: General Trust
Receipts: Fund Fund
Interest income (Note 2):
US Treasury notes and bills . ... ... $7,277 MARCH 31,
Certificates of deposit — banks . . . . 3,768 1972 oo $ 4,985 $ 77,374
Bankinterest i e 339 Q73R ot s e 7,634 79,224
$ 11,384 WIFAC R s i o e 9,240 81,410
Dividends on common stocks . . . . . ... 774 LTS e e s 7,817 111,075
i 12,158 NOT6R s W s e i 10,168 114,564
onation: .
Bihed B0 s 50 e s b 11,723 119,548
s el 6,597 125,095
Disbiiscionis: MARCH 15, 1979 .. - 1,816 130,768
: 1980 E=aiiin oo sl 3,469 130,783
Baker fund:
Administrative expenses .......... 505 1981 oS 8,187 140,591
Speaker’s eXpenses . . ............. 2,198 1989 ipmm mr et (2,899) 150,096
2,703 *Excluding centennial assessments.
Netilcomer: &h s i e 9,505
Fund Balance, April 1,:1981 =7 500 140,591
Marchi81 71982 = e $150,096
*See accountant’s letter and notes to financial statements.
TRUST FUND INVESTMENTS, MARCH 31, 1982
Share Market
March 31, 1982 Value Value
Cost High Low 3/31/82 Shares 3/31/82
STOCK PORTFOLIO
Common Stocks
American Telephone and Telegraph ......... $10,790 56%, 561/, 561/, 200 $11,250
International Business Machines .. ........... 1:321 60%s 59% 59%, 40 2,390
McBonnell:Douglasi@orpr® = 5w e 8 1,194 343, 34 34, 165 5,631
Melntyre Porcupines =i s e nis ot 675 25 25°/s 25% 15 385
$13,980 $19,656
March 31, 1981 March 31, 1982
Gemmonistocksi(aticostyro st Fu il s $13,980 $13,980
Marketivalitesi v e tteailios Snsdoni sl o vl ivsnu i 19,137 19,656
Market in excessioficost: it it i b w o s T 5,157 5,676
Pow:Jonesdndustrialsi=—:Marchidl 1981 ot E g i i o S e s e 1003.87
March: 3181989 ks nenur S ilieam S lvilin s e B s e e e s e e 822.77

See accountant’s letter and notes to financial statements.

1. Accounting Policies

NOTES TO FINANCIAL STATEMENTS

The organization uses the cash basis method of accounting
and is a nonprofit entity exempt from Federal and State in-

come taxes.

2. Allocation of Investment Income

Interest on US Treasury Bills and Notes, as well as dividends
on common stock are credited as income to the Trust Fund.

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, except that by action of the Coun-
cil, 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



THE MEMORIAL FUND
and

THE LARYNGOLOGICAL RESEARCH FUND

The Council earnestly requests that Fellows of the Association give consideration to making
a special bequest to these important funds, or to become a Benefactor.

MEMORIAL FUND DONORS

Dr. Daniel C. Baker, Jr Dr. Gordon F. Harkness

Dr. John F. Barnhill Dr. Frederick T. Hill

Dr. August L. Beck Dr. George E. Hourn

Dr. Gordon Berry Dr. Samuel Johnston

Dr. William E. Casselberry Dr. James E. Newcomb

Dr. Cornelius G. Coakley Dr. Henry B. Orton

Dr. Lee Wallace Dean Dr. Lyman G. Richards
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. Chevalier Jackson
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. Lee Wallace Dean
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1949 Dr.
1951 Dr.
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Louis H. Clerf
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1979 Dr.
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Br:
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Dr.
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Dr:
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H. Marshall Taylor
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1940 Dr.
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Francis E. LeJeune
Lawrence R. Boies
Anderson E. Hilding
Joseph H. Ogura
John J. Conley

Noah D. Fabricant
Paul H. Holinger
Henry B. Orton
Hans von Leden

. John A. Kirchner

and Mr. Barry D. Wyke

1968 Dr
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Francis R. Packard
George M. Coates
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1956 Dr.
1957 Dr.
1958 Dr.
1959 Dr.
1960 Dr.
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1967 Dr.
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Dean M. Lierle
Gordon F. Harkness
Albert C. Furstenberg
Harry P. Schenck
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Chevalier L. Jackson
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Lyman G. Richards
Joseph H. Ogura
Walter P. Work
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PRESIDENTIAL ADDRESS

HAROLD G. TABB, MD

It is a pleasure for me, as your president, to open
this 103rd annual meeting of the American Laryn-
gological Association. The Laryngological Associa-
tion is the second oldest society in our specialty, pre-
ceded only by the Otological Society. It is the senior
society for the head and neck surgeon and has pro-
vided direction and leadership in our specialty for
over 100 years. I am honored and deeply grateful to
serve as your president.

I came into this distinguished society 19 years ago
and have served on the council as your treasurer for
the past 5 years. Through the years I have been im-
pressed with the people in this society, the quiet
dignity which has prevailed, the adherence to tradi-
tion, and the preservation of excellence in the scien-
tific programs. I hope we can maintain this heritage
in this and in the meetings to follow.

There are problems in otolaryngology as Dr. Daly
so eloquently pointed out three years ago in his pres-
idential address. We are wrestling with a name
change. We are training two classes of otolaryngol-
ogists — the generalist and the superspecialist. We
are losing otolaryngologists to other specialties
where they seek supposedly more prestigious cre-
dentials. We are facing an era of declining surgery
available for teaching residents. We are agonizing
over subcertification. We are seeing a change in
otolaryngology from an organal specialty to a mul-
tidisciplined regional specialty. We are seeing more
hospital regulations and government intrusion in
our specialty with an overall decline in the image of
medicine.

These problems are being addressed by ALA
members along with others sitting on various boards
and councils of our organizations. Progress is being
made according to these recent developments. Oto-
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laryngologists from around the country have voted
overwhelmingly to change our name to Otolaryn-
gology — Head and Neck Surgery, to better repre-
sent the specialty. The Academy and the Council of
Otolaryngology have merged into a strong educa-
tional and political body for our specialty with a
governing board representing all the otolaryngolog-
ical societies. The American Board of Otolaryngolo-
gy has increased the period of training in our spe-
cialty from four to five years and has broadened the
scope of their examination. The Board has also
taken a strong position asserting its support of our
members performing facial plastic surgery in the
field of otolaryngology. The Board is seriously de-
liberating the question of subcertification, a subject

you will hear discussed later in the program by Dr.
Reed.

Members of the Laryngological Association are
playing a vital role in solving these problems. As
these men of honesty, integrity, with intensity of
purpose, step forward to assume leadership, I have
no doubts that these problems will be solved. Let us
move forward as Drs. Conley and Daly have sug-
gested and develop a plan for the future for our
specialty.

For our program I have solicited papers from the
newer members of our society. We have had a tre-
mendous response, and with the help of the Coun-
cil, we have developed a program that I hope you
will enjoy.

In closing I want to thank the membership for the
high privilege of serving as your president. I want to
express my gratitude to the Council for their assis-
tance and guidance, and especially to Dr. William
Trible, who has made my short term a very pleasant
one.



INTRODUCTION OF GUEST OF HONOR,
JAMES W. MCLAURIN, MD

HAROLD G. TABB, MD, PRESIDENT

My guest of honor for this meeting is James W.
McLaurin, whom I have known and admired for
many years, and who has greatly influenced my
academic career in otolaryngology.

Jim McLaurin grew up in Mississippi, attended
Washington and Lee, and graduated from medicine
at the University of Arkansas. He received his
otolaryngology training at the University of
Southern California under Dr. J. McKenzie Brown.
Upon completion of his residency he entered private
practice in Baton Rouge, Louisiana, with a teach-
ing appointment at LSU Medical School.

In 1949 he was appointed Professor and Chair-
man of the Department of Otolaryngology at Tu-
lane University School of Medicine, a position he
held for the next ten years. The unusual thing about
this appointment was that he ran the department
from Baton Rouge, 70 miles away. He would arise
at 4:00 AM and drive to New Orleans in time to
supervise the residents in surgery, administer the af-
fairs in the department at the medical school, and
return to Baton Rouge in the afternoon to begin his
office practice. This was done three days a week for
almost ten years.

During this time he developed a strong academic
department at Tulane. He organized the first
speech and hearing center in the mid-South, train-
ing many of the early audiologists. He developed
the first hearing conservation program in the South.
His interests were primarily in otology, but he made
contributions to the literature both in laryngology
and otology. He has served on the council of the
Otological Society and was chairman of the trustees
of its research fund.

Jim is partially retired now and has sufficient
time to pursue his avid sport — bird hunting. He
has hunted grouse in Scotland, the red partridge in
Spain, and turkeys in South Alabama.

Jim is a shy, unassuming person, who has shown
unselfish devotion to teaching in otolaryngology.
He has made significant contributions in our spe-
cialty. He has given me continued support in my
academic career, and I am happy to honor him to-
day. He is just an all-around great guy, and when
you know him, you will like him. My guest of
honor, James W. McLaurin.

GUEST OF HONOR ADDRESS
JAMES W. MCLAURIN, MD

I thank you for the privilege of being your Guest
of Honor. I do not have the words to tell you how
much I appreciate it, but I am humbly grateful and
deeply touched.

What I have to say would probably best be said at
a Teachers’ Section of the Academy, but knowing
that most of you are teachers, I cannot resist the op-
portunity to tell you my observation of the otolar-
yngologists who are completing their residencies
and beginning practice. They are all excellent
surgeons, and I am sure most of them could cut your
head off and put it back with good results. Many of
them, however, know very little about the practice
of medicine.

This is a very stressful world we live in, and they
should know that stress causes many ear, nose, and
throat complaints. Probably the most common is
bruxism with temporomandibular joint symptoms
and headache. They should also know that al-
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though Americans have access to more and better
food than the people in most other countries, many
of our patients are on an inadequate or improper
diet. This faulty nutrition often results in electrolyte
and blood chemistry changes which cause ear, nose,
and throat complaints. Moreover, in spite of the
popularity of walking, jogging, tennis playing, and
other sports today, many older patients do not take
any exercise. Lack of exercise can result in a lack of
oxygen to cells and tissue and can produce ear, nose
and throat symptoms.

We can make a much longer list of conditions
that do not require surgery, but my plea to you is to
continue to teach residents to be great surgeons and
to teach them also to treat the whole patient.

I thank you again for allowing me to be your
Guest of Honor. This recognition by my peers I
shall always cherish.



SCIENTIFIC SESSIONS*

INTRODUCTION OF DANIEL C. BAKER, JR, MEMORIAL LECTURER
GEORGE F. REED, MD

HAROLD G. TABB, MD, PRESIDENT

It is my privilege to introduce the eighth annual
Daniel C. Baker, Jr, Memorial Lecturer. We are
honored to have a member of our own society pre-
sent the Baker Lecture today, a man who was a col-
league of Dan Baker on the American Board of Oto-
laryngology and many other societies.

Dr. George Reed is the past-president of the
American Board of Otolaryngology and is now ex-
ecutive secretary-treasurer. He is eminently quali-
fied to speak on the subject of subcertification, hav-
ing served on the Board of the Academy of Otolar-

yngology as secretary for continuing education and
as a representative to the American Board of Medi-
cal Specialties. He is a past chairman of the Depart-
ment of Otolaryngology, and now Dean of the Col-
lege of Medicine and Vice-President of the Medical
Center, State University of New York, Upstate
Medical Center, Syracuse, New York.

It is an honor for me to present my good friend,
Dr. George Reed, who will deliver the Baker Lec-
ture.

*Papers published in the Annals of Otology, Rhinology & Laryngology are on pages 16-128. Discussions not previously published are on pages 129-136.
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EIGHTH DANIEL C. BAKER, JR, MEMORIAL LECTURE

SUBCERTIFICATION: A DILEMMA
FOR OTOLARYNGOLOGY—HEAD AND NECK SURGERY

GEORGE F. REED, MD

SYRACUSE, NEW YORK

The issue of subspecialization and subcertifica-
tion has been one of great concern for many years
and has recently received increased attention, espe-
cially in our specialty of Otolaryngology—Head
and Neck Surgery. The problem being faced by the
various specialties and their boards is not so much
that of subspecialization, since this has definitely
occurred in most of the specialties and today is an
accepted fact. More specifically, the problem is that
of subcertification, or some form of recognition of
the subspecialist’s advanced training, knowledge
and expertise. This matter is indeed creating a ser-
ious dilemma, not only for Otolaryngology—Head
and Neck Surgery but for most of the specialties. On
the one hand, the specialists are concerned about
fragmentation of the parent specialty while, on the
other hand, there is a growing demand for recog-
nition by those individuals who feel that they have
acquired special competence in their areas of
subspecialization.

My main purpose in this presentation is to express
some personal thoughts on the subject of subcertifi-
cation. Before doing so, however, I would like to re-
view some of the common arguments for and against
subcertification.

On the positive side, a number of points can be
considered. As in all aspects of medical education,
research, and patient care, the ultimate considera-
tion must be that of improved patient care. In this
regard, if one accepts the fact that specialization
has improved patient care, then certainly subspe-
cialization can be expected to do likewise. If this be
the case, such subspecialization should be recog-
nized by some form of subcertification to protect
the public interest. It can be well argued that pas-
sage of time inevitably produces new knowledge
and new technologies in various areas of our pres-
ently accepted specialties. It can also be argued
therefore that those who concentrate their activities
in these fields should have some form of recognition
or subcertification by the nationally accepted certi-
fying bodies — namely, the Boards. Another point
on the positive side is that, since many fields of sub-

specialization cross specialty lines, subcertification
provides the opportunity for diplomates of one spe-
cialty board to compete with the diplomates of
competing boards in the delineation of hospital
privileges and in the third party reimbursement
process. There is also concern that, if subcertifica-
tion is not provided by the Boards in the American
Board system, certification might be provided by
other organizations with lesser standards than those
presently utilized. This would certainly be to the
detriment of the public interest.

Now, what of the arguments against subcertifica-
tion? It can be argued that increasing subspecializa-
tion will increase the cost of medical care. This has
generally been the case in the past, wherein special-
ists usually expect higher fees than generalists. It
can be assumed that subspecialization will produce
the same phenomenon of increased fees. However,
the mere fact of recognition of subspecialities by
subcertification should not by itself have any signif-
icant impact upon increasing the cost of care by vir-
tue of increased fees.

The cost of care probably would be increased by
virtue of the fact that subspecialization, spurred by
subcertification, usually results in increased train-
ing requirements, increased cost to the institution
providing the training and to the physician involved
by decreased income during training. Ultimately
these costs are passed on to the patient. Another
argument frequently given by the presently recog-
nized parent specialties is that of fragmentation
with resultant erosion of the status of the parent
specialties and their specialty boards. It is felt by
many that this could result in a diminution of the
status of the individual who possesses certification
from the general discipline but does not possess
subcertification in the subspecialty area. Indeed, it
is this subtraction from the globality of the general
or parent discipline which gives rise to the greatest
fears of subcertification — that lack of a certificate
in a discipline’s subspecialty might deny one the
privilege of practicing that subdiscipline by restric-
tion of hospital privileges to only those possessing

Dr. Reed is currently Secretary-Treasurer of the American Board of Otolaryngology.

Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 1-2, 1982.
REPRINTS — George F. Reed, MD, 750 E. Adams Street, Syracuse, NY 13210.
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such subcertification. There are also fears that the
possession, or lack thereof, of a certificate of special
competence might influence the amount of reim-
bursement by third party payers and also increase
the risk of malpractice judgments to those who do
not possess the special certificate.

Thus, in reviewing the pros and cons of subcerti-
fication, we find many valid reasons favoring some
form of certification of special expertise. In con-
trast, the main fears appear to be those of fragmen-
tation on the part of organized medicine, and those
of potential restriction of hospital privileges and the
increased threat of malpractice susceptibility on the
part of individuals.

Now I would like to exercise the privilege, which
is inherent in a lecture of this type, of expressing
some of my personal thoughts regarding subcertifi-
cation. I have given a great deal of thought to this
subject over the past few years — frequently with
mixed emotions. I now definitely believe that the
arguments in favor of subcertification outweigh
those against it.

As far as fragmentation is concerned, I really
consider this to be a nonproblem. Fragmentation in
the specialties has already occurred in the form of
subspecialization and certainly this will not be com-
pounded by the recognition of subspecialists by
some form of certifying process. I think we must

recognize that what we are experiencing at present
is merely an extension of that which occurred when
the present specialties and Specialty Boards were in-
itiated a number of years ago. We are merely un-
dergoing a further evolution of that specialization
process in the form of subspecialization, with the
need for accompanying subcertification. We should
accept this evolutionary process rather than fight it.
We must accept the fact that the need to recognize
special knowledge, special training, special exper-
tise, and extra achievements by some form of cer-
tification process is pervasive, inexorable, and un-
avoidable. :

At the present time, the 23 Specialty Boards
which operate under the umbrella of the American
Board of Medical Specialties do issue some 25 spe-
cial certificates in various subspecialties, either
through the mechanism of conjoint boards, sub-
boards, or certificates of special competence. In my
opinion, the best mechanism is that of the primary
board issuing certificates of special qualifications to
individuals who can demonstrate possession of such
special qualifications in subspecialty areas within
the domain of their primary board. It is time for
this process to be expanded. Indeed, the American
Boards have a responsibility to recognize special
knowledge and expertise if they are to continue to
fulfill their role of serving and protecting the
public.



OFFICE TELESCOPIC PHOTOGRAPHY OF THE LARYNX

EIJI YANAGISAWA, MD, FACS

NEw HAVEN, CONNECTICUT

After testing many different procedures for photographing the larynx in the office, the author found that telescopic photography is a
most effective and reliable method. Four currently available right-angle laryngeal telescopes were reviewed and are discussed with regard
to their results, along with the author’s method of office telescopic photography.

Accurate photographic documentation of the
larynx is of considerable value for teaching, per-
manent records, proper diagnosis and management
of various laryngeal disorders. Yet there is no single
reliable method of still photography of the larynx
which laryngologists can easily employ at the office.

Ever since the first documentation of the success-
ful office laryngeal photography by Thomas French
of Brooklyn, New York, in 1882, many different
methods of laryngeal photography have been de-
scribed. They include 1) indirect laryngoscopic
photography,'® 2) direct laryngoscopic photog-
raphy,*’ 3) microscopic photography,®'* 4) tele-
scopic photography'®-?' and 5) fiberscopic photog-
raphy.?22

The purpose of this paper is twofold: first, to
review four currently available right-angle laryn-
geal telescopes of different makes with regard to
their results and, second, to present the author’s
method of office telescopic photography of the lar-
ynx which has proven to be satisfactory.

EQUIPMENT
RIGHT-ANGLE (LATERAL) TELESCOPES

Berci-Ward Indirect Laryngopharyngoscope
with Hopkins Telescope (8702D, Karl Storz Endo-
scopy-America, Inc). This endoscope (Fig. 1-a) con-
sists of two parts, a telescope and a light-conducting
tube, which can be locked together with a bayonet
socket. The telescope contains a series of fixed glass
cylinders replacing the interspace between the
lenses in the more conventional endoscopes and pro-
ducing a set of small air-lenses between them. This
construction is reported to bring about a wider view
angle in relation to the diameter of the optics.'®*°

The telescope measures 28.3 cm in length and 4.5
mm in diameter. Its front lens diameter is 2.2 mm
(Fig. 2A-a). The rectangular outlets, one on each
side of the lens, measure 1 mm x 3 mm (Fig. 2B-a)

There are two different sizes of light-conducting
tubes, one of a smaller diameter for visual examina-
tion and flash photography only, and one of a larger
diameter intended for cinephotography but also
useful when the available light source is insuffi-
cient. The larger light-conducting tube has two
connections for the fiber light cables so that either
two separate cables or the two distal ends of a
Y-shaped cable can be attached. In both tubes the
light outlet is shaped into two rectangular areas on
each side of the front lens.'” In this study only the
smaller tube (outer diameter 8.5 mm) was used.

The instrument has an antifog airflow system by
means of a small air channel made by a groove
along the inner aspect of the light-conducting tube
and the telescope.

Laryngoscope with Hopkins Telescope (8704D,
Karl Storz). This instrument (Fig. 1-b) is quite
similar to KS 8702D but has a built-in focusing
capability and the entire larynx can be seen within
one single viewing field in 4x magnification. One
can focus the larynx at different distances like a
telephoto lens and can photograph the magnified
view of the larynx to fill the entire slide.

The instrument measures 24.4 cm in length and
7.6 mm in outer diameter. Its front lens diameter is
3 mm (Fig. 2A-b). The rectangular light outlet on
each side of the lens measures 1 mm x 7 mm (Fig.
2B-b). It also has an antifog device.

Stuckrad Magnifying Laryngoepipharyngoscope
(Richard Wolf Medical Instruments Corp). This in-
strument (Fig. 1-c) consists of a telescope, a light-
transmission system and an antifog device, but they
cannot be taken apart.*’

A fiberoptic cable, which also includes an air
tube for the antifog device, is fixed to the instru-
ment. Connections for changing the fiberoptic ca-
bles (and air tubes) are available. The instrument
includes a plastic handle. The telescope has a rela-
tively low weight as it contains groups of lenses in-

From the Section of Otolaryngology, Department of Surgery, Yale University School of Medicine, and the Section of Otolaryngology, Department of

Surgery, Hospital of St. Raphael, New Haven, Connecticut.

Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 1-2, 1982.
REPRINTS — Eiji Yanagisawa, MD, 98 York Street, New Haven, CT 06511.
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OFFICE TELESCOPIC PHOTOGRAPHY OF THE LARYNX

Fig. 1. Four right-angle laryngeal telescopes. a) Berci-
Ward Hopkins telescope (Karl Storz 8702D), b) Hopkins
magnifying telescope (Karl Storz 8704D), c) Stuckrad
magnifying laryngoepipharyngoscope (Wolf), and d) Na-
gashima SFT-1 laryngoscope, Note that Berci-Ward tele-
scope is longest while other three are about same length.
Also note that Stuckard and Nagashima telescopes have in-
tegrated light cable which would prevent loss of light
transmission at connection.

stead of glass rods. With the aid of a knob, it is pos-
sible to change the relationship of these lenses to
each other, which results in a change of magnifica-
tion and focus of the object under observation. This
construction should not be confused with a zoom
lens, which can change the angle of view continu-
ously and without influencing the focus," but it
does have a zoom lens effect.

The light transmission opens at two rectangular
outlets on each side of the front lens of the telescope
(Fig. 2A-c, B-c). It measures approximately 1 mm x
8 mm. The length of the telescope is 24.3 cm and its
outer diameter is 9-10 mm. The antifog device con-
sists of an air-conducting narrow metal tube, per-
manently fixed to the instrument and opening im-
mediately behind the front lens.*®

Laryngoscope (SFT-1, Nagashima Medical In-
strument Co, Tokyo). This laryngoscope is a single
integrated unit composed of a telescope and a light-
transmission system (Fig. 1-d). 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°, pro-
viding a right-angled view of the larynx. The rec-
tangular outlets on each side of the lens offer well-
balanced illumination of the viewing field (Fig.
2B-d). Each measures approximately 2 mm x 4 mm.

The front lens diameter measures 4 mm x 3 mm??
(Fig. 2A-d).

The telescope is connected to the 100-mm attach-
ment lens on the SLR camera (Fig. 3B) and its fiber-
optic 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 diam-
eter of the telescope, the newer optical lens system it
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Fig. 2. A) Close-up view of tip of each telescope. B) Tips
showing light-transmission outlets. a - Hopkins telescope
8702D, b - Hopkins telescope 8704D, ¢ - Stuckrad tele-
scope, and d - Na§ashima SFT-1 laryngoscope. Note dif-
fereince in sizes of lens openings and %ight—transmission
outlets.

employed, integration of the light cable into the
telescope without a connecting joint and a higher
number of fibers in the light-transmission system.
The laryngoscope requires no additional light cable
nor a special photographic sheath.?* The Naga-
shima telescope has been found to be very effective
for video-recording of laryngeal disorders.?

CAMERA

Olympus OM2 SLR camera with a 1-9 focusing
screen and autowinder was used (Fig. 3B). For the
Nagashima telescope, a Nagashima 100-mm attach-
ment lens was used (Fig. 3B-b). This produced a
photographic image 13 mm in diameter on the fin-
ished slide. Since the image was rather small for
viewing, a 2X teleconverter (Fig. 3B-c) was placed
between the 100-mm attachment lens and the cam-
era body to produce a finished image size of 28 mm
in diameter. For the Hopkins and Stuckrad tele-
scopes, a 100-mm Zuiko lens and the quick-connect
camera adapter (Fig. 3B-a) were used. Ektachrome
ASA 400 color film was chosen after trying many
different films.

LIGHT SOURCES

Xenon Cold Light Fountain (487C, Karl Storz).
This xenon illuminator (Fig. 4), which produces ap-
proximately 6000 K (“instant sunlight™), 300 W,
was used for all four telescopes with special adapt-
ers.

Dual Mode Flash and Examining Light System
(maximum output 100 W-seconds with three-power
steps 110/240 V AC; Karl Storz, KSFG). This light
source was used for Hopkins telescopes only because
the Y-shaped light cable for the dual flash and exam-
ining light system was not available for Nagashima
and Stuckrad telescopes with integrated light cables.

Fiber Light Flash Generator (proximal type,
5005, R. Wolf, WFG). This fiber light projector
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Fig. 3. Still telescopic photography. A) Nagashima tele-
scope is connected to attachment lens for SLR camera. Ex-
aminer holds camera in one hand and inserts scope into
mouth while holding patient’s tongue with other hand.
Larynx is centered on camera screen and picture is taken.
B) Olympus OM2 SLR camera with autowinder, 1-9 fo-
cusing screen (not shown) and 100-mm Zuiko lens. a -Karl
Storz quick-connect camera adapter, b - Nagashima
100-mm attachment lens, ¢ - Vivitar 2X teleconverter,
d - Autowinder.

and photographic light source combined in one unit
was used for all four telescopes. The system of trans-
mitting the light for observation as well as the elec-
tronic flash through the one cable makes it possible
to take photographs with the small telescopes as
well. The second light outlet permits simultaneous
lighting of another instrument. Both diagnostic
lights have a variable intensity control. The prox-
imal flash has a 3-stage intensity control for photo-
graphic applications.

METHOD

The Olympus OM2 camera equipped with a 1-9 focusing
screen, 100-mm Zuiko lens, automatic winder and Ektachrome
ASA 400 color film is set at automatic mode with the aperture
wide open (f 2.8) and the lens distance at infinity.

The patient and examiner sit facing each other. The soft palate
and the posterior half of the tongue are topically anesthetized
with 2% tetracaine hydrochloride ‘(Pontocaine) solution. The
telescope is connected to the camera via the adapter (the quick-
connect adapter for KS 8702D, KS 8704D and Stuckrad telescopes
and the Nagashima 100-mm attachment lens for the Nagashima
telescope).

[

XENON COLD LIGHT FOUNTAIN MODEL 487C

Fig. 4. Xenon cold light fountain (Karl Storz 487C).

The fiberoptic light cable of the telescope is connected to the
xenon illuminator. The tip of the telescope is dipped in warm
water and dried to prevent fogging of the lens during the photog-
raphy. The xenon illuminator is turned on and set in the high
filming mode (22A).

The examiner holds the camera in one hand and inserts the
telescope into the mouth while holding the patient’s tongue with
the other hand. When the laryngeal image is viewed and centered
on the focusing screen, a series of photographs of the larynx both
on phonation and at rest are taken in rapid succession using the
autowinder of the camera.

To find out if there are any differences between those pictures
taken with the xenon light source and those taken with the elec-
tronic flash, laryngeal pictures were also taken using 1) the Karl
Storz dual mode flash generator 558, and 2) the Wolf fiber light
flash generator.

RESULTS

More than 1000 laryngeal photographs were
taken using four different telescopes and three dif-
ferent light sources. Representative pictures of var-
ious laryngeal conditions taken with different meth-
ods are shown in Figure 5. Ektachrome ASA 400
color film was used for all the pictures shown.

The Berci-Ward Hopkins 8702D laryngoscope
(Karl Storz) was very easy to use. The image was in
focus from 4.5 cm to infinity. With the xenon illum-
inator at 22A, pictures were in focus in most cases.
The final picture was 2.6 mm in diameter and ready
for projection. Approximately 80 % of the pictures
taken were of satisfactory quality.

The Karl Storz Hopkins 8704D laryngoscope was
difficult to focus during photography and required
a great deal of cooperation on the part of the pa-
tients and skill on the part of the examiner. Since
the operator had to hold the camera with one hand
and manipulate the focusing knob of the telescope
with the other hand, it was necessary for the patient
to hold the tongue him- or herself. However, when
adequately taken, picture quality was excellent and
the enlarged view of the larynx filled the entire
frame of the slide. Satisfactory results were ob-
tained in approximately 40 % of pictures taken.

The Stuckrad laryngoscope (Wolf) was also diffi-
cult to focus and required skill and practice on the
part of the examiner and cooperation on the part of
the patient. It was possible to change the magnifica-
tion during examination and a detailed excellent
view of the larynx could be obtained. The picture
filled the entire frame of the slide. Satisfactory
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results were obtained in approximately 40% of the
pictures taken.

The Nagashima SFT-1 laryngoscope was the easi-
est laryngoscope to manipulate because of its fixed
focus. The size of the picture on a final slide when
the 2X teleconverter was used was 28 mm in diam-
eter. To visualize the anterior commissure, the tip
of the laryngoscope had to be inserted deeply and
tilted toward the examiner. Satisfactory results
were obtained in approximately 80% of pictures
taken.

When the flash generator — either Karl Storz or
Wolf — was used, sharpness and color quality some-
what improved. However, recycling time was slow
(4-5 seconds) and it took a much longer time to
photograph the larynx. Repeated reinsertion of the
telescope was necessary to take an adequate number
of pictures. Use of the flash generator did not signi-
ficantly change the success rate of each method.

CONCLUSIONS

1. The Berci-Ward 8702D telescope (Karl Storz)
was the most satisfactory of those telescopes tested by
the author when used with the xenon illuminator and
Ektachrome ASA 400 film. It is recommended for
general still photography of the larynx in the office.

2. The Nagashima SFT-1 telescope was the easi-
est to use and gave very satisfactory results. It is re-
commended for still and video photography of the
larynx because of its excellent light transmission.

3. The Karl Storz 8704D telescope and the Stuck-
rad were difficult to use for photography, but were
very useful for obtaining detailed enlarged views of
the larynx. They are recommended for those otolar-
yngologists who are photographically oriented.

4. Use of the Olympus OM2 camera with a 1-9 fo-
cusing screen and automatic winder and xenon il-
luminator will make office telescopic photography
of the larynx less complicated and more effective
and pleasant.
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LARYNGEAL SARCOIDOSIS
REPORT OF 13 PATIENTS

H. BRYAN NEEL III, MD, PHD
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Of 220 patients with sarcoidosis of the head and neck region, representing 9% of 2,319 patients with sarcoidosis seen at the Mayo
Clinic from 1950 through 1981, we identified 13 who had laryngeal sarcoidosis. Edematous, pale, diffuse enlargement of the supraglottic
structures was the most common laryngeal manifestation. The diagnosis is made by a group of clinical, radiologic, and laboratory findings,
confirmed by the finding of noncaseating granuloma on biopsy. Sarcoidosis is a disease with frequent remissions and exacerbations and
generally burns itself out; glucocorticoids may be indicated in particularly severe disease. When laryngeal sarcoidosis is suspected, the lar-
yngologist should collaborate with other clinicians in a thorough evaluation of the patient.

Sarcoidosis is a chronic idiopathic granulomatous
disease which may involve one or more of any num-
ber of organs, including those in the head and neck
region.'"® Symptoms are generally mild in spite of
extensive tissue involvement. The disease tends to
progress slowly and is characterized by many re-
lapses and remissions; ultimately, after years, the
disease “burns out.”

Epidemiologic studies have given no clues about
the cause or pathogenesis of the disease, but it ap-
pears to be a host response to an unknown stimulus,
possibly an infectious agent; an autoimmune disease
or one of abnormal immunoregulation; or a re-
sponse to chemical factors, such as zirconium and
beryllium.*” Many patients are not able to develop
and maintain delayed-type hypersensitivity, have
reduced lymphocyte blastogenesis, possess circulat-
ing immune complexes, and have a variety of other
immunologic perturbations. The immunologic per-
turbations may be prerequisites to the development
of the disease, but they are more likely a secondary
rather than a primary phenomenon. In short, cell-
mediated immunity is diminished and humoral im-
munity is heightened.

Microscopically, the granulomas are composed
principally of epithelioid cells; occasionally there
are a few giant cells and varying numbers of lym-
phocytes and plasma cells. There is no necrosis, that
is, no caseation. The microscopic morphology be-
comes more fibrous and more hyalinization is seen
in the late stages of the disease. The diagnosis is es-
tablished by the exclusion of a variety of other dis-
orders. Special staining techniques are required to
exclude the presence of tubercle bacilli and fungi,
and tissue should be cultured to substantiate this.
The diagnosis is finally established by the consolida-
tion of information derived from a thorough his-
tory, a physical examination, various laboratory

tests, and interpretation of microscopic and culture
examinations of tissue.

MATERIALS AND METHODS

From 1950 through 1981, 2,319 patients with sarcoidosis were
seen at the Mayo Clinic. In this group 220 patients (9 %) had clin-
ically apparent manifestations in a variety of sites in the head and
neck region. The anatomic locations of disease in the head and
neck (and the approximate incidence in percent) were as follows:
eye/lacrimal glands (40%), skin (26%), nose (13%), central or
peripheral nervous system (6%), larynx (6%), salivary glands
(4%), neck nodes (4%), and middle ear (1%). Thirteen patients
with laryngeal involvement were identified, and one of these pa-
tients was seen before 1950. Most of the patients were from the
north central part of the United States. There were ten females
and three males. Their ages ranged from 12 to 67 years, with a
mean of 40 years and a median of 47 years. Detailed case reports
of 6 of these 13 patients were published previously.®

FINDINGS

Symptoms and Signs. Some combination of hoarse-
ness, dysphagia, and dyspnea was quite common
(table). The symptoms were as follows: hoarseness
(9 patients), dysphagia (7), dyspnea (7), stridor (1),
weak voice (1), sensation of a lump in the throat (1),
and mild pain in the throat (1). In one patient, no
symptoms related to the head and neck were noted,
and sarcoidosis in the larynx was an incidental find-
ing at bronchoscopy.

Appearance and Location in the Larynx. Sar-
coidosis was found only in the supraglottic larynx in
11 patients and only in the subglottic larynx in 2.
The true vocal cords were normally mobile in all ex-
cept one patient, who had unilateral vocal cord pa-
ralysis following thyroid surgery several years be-
fore the diagnosis of sarcoidosis of the larynx was
made.

The appearance of the larynx was strikingly char-
acteristic in all of the patients with supraglottic in-
volvement. The supraglottic larynx was chronically
edematous and pale pink, and there was diffuse en-

From the Department of Otorhinolaryngology, Mayo Clinic and Mayo Foundation, Rochester, Minnesota.
Presented at the meeting of the American Laryngological Association, Palm Beach, Florida, May 1-2, 1982.
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SUMMARY OF FINDINGS IN PATIENTS WITH LARYNGEAL SARCOIDOSIS (N =13)
Laryngeal Disease* Clinical or Microscopic Evidence of Years
Age Sex Symptoms Site Disease in Other Sites Sequential Treatment and Response Observ.
20 F Hoarseness Supraglottic ~ Migratory polyarthritis, relapsing Tracheotomy for 3 yr; spontaneous 1941-62
Dyspnea fever, erythema nodosum remission and decannulation
33 F Hoarseness Supraglottic ~ Recurring erythema nodosum; angio- Tracheotomy for 2 yr; spontaneous 1921-45
Dyspnea edema of hands, feet, and lips; remission and decannulation.
Dysphagia edematous, granular posterior pha- Tracheotomy, removal of poly-
ryngeal wall, biopsy positive; cen- poid tissue, irradiation; decannula-
tral nervous system; peripheral neu- tion 5 yr later and normal larynx.
ritis of upper extremity Tracheotomy for 3 mo for poly-
poid swelling; spontaneous remis-
sion and decannulation
43 F Dyspnea Supraglottic ~ None (transient Horner’s syndrome of Injection of hydrocortisone acetate 1955-63
Hoarseness questionable significance) into larynx, tracheotomy; normal
Dysphagia 1 mo later and decannulation
47 F Dysphagia Supraglottic =~ None None 1958-60
Dyspnea
50* F Dysphagia Supraglottic Skin rash of arms, biopsy positive; Systemic ACTH; some improvement. 1944-56
nasal crusting and obstruction; Subsequently died from complica-
hilar nodes; extensive pulmonary tions of pulmonary sarcoidosis
fibrosis (no autopsy)
56 M Dysgnea Subglottic None Tracheotomy. Laryngofissure — ex- 1955-58
Stridor cision of thickened subglottic
tissue, skin grafting; excellent air-
way and decannulation. Died
from cancer of kidney
12 M Hoarseness Supraglottic ~ Relapsing fever; malaise; nasal ob- No change in larynx. Prednisone 1966-75
Nocturnal struction; arthritis; splenomegaly; given in 1975 and larynx cleared
dyspnea right sudden (cochlear) hearing loss;
facial skin rash, biopsy positive;
pale edema of uvula, pharyngeal
pillars, and posterior pharyngeal
wal
39 F Hoarseness Supraglottic = None Oral prednisone intermittently; im- 1980-81
provement. Injection of Kenalog
into larynx 1981; further improve-
ment
19 M Hoarseness Supraglottic =~ None Tracheotomy for more edema after 1974-77
Dysphagia biopsies. Hydrocortisone acetate
(x1) and Depo-Medrol (x6) in-
jected into larynx; no change
67 F Hoarseness Supraglottic  None Depo-Medrol injected into larynx; 1961-66
Sensation of no change
lump and
mild pain
in throat
54 F Hoarseness Subglottic Cough, relapsing fever, hilar nodes, Prednisone; no effect on larynx 1974-82
and lung parenchyma; mediastin-
oscopy positive
47* F None Supraglottic ~ Relapsing fever; bloody rhinorrhea Prednisone; no change. Irradiation 1963-73
and septal perforation, nasal biopsy of toe and trachea; marked im-
positive; marked pale thickening of provement
mucosa of trachea and throughout
bronchi, biopsy positive
38 F Hoarseness Supraglottic ~ None (scalene node biopsy positive, Tracheotomy. Hydrocortisone ace- 1963-76
Weak voice but chest roentgenograms negative) tate injected into larynx; shrinkage
Dyspnea and decannulation
Dysphagia

*All patients had laryngeal biopsies except the two indicated by asterisks.

largement of the supraglottic structures (figure).
This appearance is pathognomonic of supraglottic
laryngeal sarcoidosis. The rim of the epiglottis was
full and rounded, and it had a turban-like thicken-
ing. There occasionally were either reddened or
granular areas, and this was the characteristic ap-
pearance of the subglottic region in the patients
with subglottic laryngeal sarcoidosis. It should be
emphasized that the true cords appeared normal in
all cases except one; and indeed, even in that pa-

tient, the upper edges of the true cords were nor-
mal, but there was reddened thickening of the an-
terior-inferior portions of the true vocal cords, re-
flecting more extensive subglottic disease. This did
not impair vocal cord mobility but caused severe
hoarseness.

We want to emphasize too that the edematous,
pale, diffuse enlargement of the supraglottic struc-
tures was the most common laryngeal manifestation
of sarcoidosis, and, in fact, is considered pathogno-
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Typical appearance of laryngeal sar-
coidosis. Supraglottic structures are edem-
atous, pale pink, and diffusely enlarged,
epiglottis is turban-like, and true cords

monic of sarcoidosis of the larynx (figure).

Biopsy. Biopsy of the larynx was carried out in 11
of the patients, and noncaseating granulomas were
identified in all. Two patients who did not have la-
ryngeal biopsies had the typical supraglottic ap-
pearance found in all of the patients with supraglot-
tic sarcoidosis. One of these patients had a skin rash
on the arms, and biopsy showed noncaseating gran-
ulomas. This patient also had nasal crusting and ob-
struction, the typical hilar nodes seen in sarcoidosis,
and pulmonary fibrosis. The other patient had re-
lapsing fever, bloody rhinorrhea, a septal perfora-
tion, a nasal biopsy that contained noncaseating
granulomas, and marked, pale thickening of the
mucosa of the trachea and bronchi, which also con-
tained noncaseating granulomas. The diagnosis of
systemic sarcoidosis was secure in both of these pa-
tients.

Several of the patients had biopsies of other or-
gans, the results of which are described in the table.

Isolated Laryngeal Sarcoidosis. Of 6 patients
with no obvious evidence of systemic sarcoidosis, 5
had the typical supraglottic appearance of sarcoido-
sis and biopsies that showed noncaseating granulo-
mas; 1 patient had subglottic involvement and bi-
opsies that revealed noncaseating granulomas. One
other patient had no clinical evidence of systemic
sarcoidosis, but a random scalene node biopsy
showed noncaseating granulomas, although the
chest roentgenograms were negative.

We feel comfortable with the diagnosis of iso-
lated laryngeal sarcoidosis if the patient has had a
careful history, thorough physical examination,
laboratory tests, roentgenograms, biopsies of the
larynx which show noncaseating granulomas in
combination with the typical laryngeal appearance,

are normal.

and a long period of observation.

Laryngeal Sarcoidosis and Systemic Disease. In
seven patients there were definite systemic manifes-
tations as well as evidence of laryngeal sarcoidosis.
These manifestations were skin involvement (5 pa-
tients), relapsing fever (4), migratory polyarthritis
(2), pale edema and thickening of pharyngeal mu-
cosa (2), granular nasal membranes and crusting
(2), and central nervous system involvement (1).
Three of these patients also had evidence of lung
changes on roentgenograms, and two had obvious
hilar nodes.

Duration of Observation. Six patients were ob-
served for 9 to 24 years, three for 5 to 8 years, two
for 3 to 4 years, and one for 1 to 2 years.

Sequential Treatment and Response. An outline
of the sequence of treatment and response is shown
in the table. Four patients had systemic cortisone; 4
patients had laryngeal injections of cortisone; 1 pa-
tient had both systemic and laryngeal cortisone; 1
patient had a laryngofissure, excision of the sarcoid
tissue, and subglottic skin grafting; 1 patient had
external radiation; and 2 patients had no treatment
at all.

Tracheotomies for airway obstruction were nec-
essary in six patients. Five patients had one tra-
cheotomy, and one patient had three tracheotomies
because of intermittent exacerbations of the laryn-
geal disease.

DISCUSSION
The diagnosis of sarcoidosis is made by assem-
bling a constellation of clinical, radiologic, and
laboratory findings (DeRemee RA, Zinsmeister AR,
unpublished material).*”"'® The diagnosis is con-
firmed by the finding of noncaseating granulomas
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in biopsy material. Antigen of reliable consistency
for Kveim testing is difficult to procure, and so this
test is of more theoretic than practical importance.®

About 9% of our patients with sarcoidosis had
fairly striking clinical manifestations in the head
and neck region. Because the manifestations of the
disease are so protean, patients initially seek consul-
tation from a variety of specialists; however, a large
proportion of the presenting manifestations can in-
volve structures in the head and neck region. The
generalist may see the patient because of dyspnea,
lymphadenopathy, or rash; the neurologist, because
of nerve palsy (eg, VII), encephalopathy, seizures,
or meningitis; the ophthalmologist, because of red
eye (uveitis), dry eye (lacrimal), or blurred vision;
the dermatologist, because of erythema nodosum,
rash, or lesions in scars; and the otorhinolaryngolo-
gist, because of hoarseness, dysphagia, or dyspnea.
When the diagnosis of sarcoidosis is suspected, the
laryngologist should collaborate with other clini-
cians to do a thorough physical examination as well
as pulmonary, ocular, and dermatologic evalua-
tions. Basic laboratory studies usually consist of
serum calcium levels, protein electrophoresis, elec-
trocardiogram, chest roentgenogram, pulmonary
function tests, serum angiotensin-converting en-
zyme determination, and perhaps in some instances
gallium scans. Levels of angiotensin-converting en-
zyme often parallel the clinical course, and in-
creases often antedate exacerbations of the disease.’
The diagnosis is confirmed by biopsies of one or
more diseased organs, namely, skin, eyes, lymph
nodes, lung, salivary glands, larynx, liver, or bone
marrow, and by culture of the biopsy material to
exclude the presence of tuberculosis or fungal infec-
tions.

When the laryngologist is confronted with a pa-
tient who has typical laryngeal appearance of sar-
coidosis, he or she must rule out lymphoma and
other malignant neoplasms, cartilaginous tumors,
benign myomatous polypoid thickening of the lar-
ynx due to smoking, and specific infections such as

tuberculosis, syphilis, histoplasmosis, coccidioido-
mycosis, blastomycosis, and actinomycosis, along
with such entities as amyloidosis and lipoid protein-
osis. Myxedema, previous irradiation to the neck,
and a variety of systemic connective tissue diseases
should also be excluded. In the very rare patient
with subglottic sarcoidosis, the causes of nontrau-
matic nonneoplastic subglottic stenosis should be
excluded, namely, relapsing polychondritis, amy-
loidosis, and Wegener’s granulomatosis.

Laryngeal sarcoidosis can occur as an isolated
phenomenon. As stated by Devine,® “a careful his-
tory may reveal evidence that the disease is or has
been systemic, has involved other organs in the
past, may do so in the future, and often requires
long-term follow-up to reveal its true, chronic re-
lapsing systemic nature.” Gallium-67 citrate scans
may help define clinically inapparent granuloma-
tous inflammation in other organs, such as the
lacrimal and salivary glands."*

It is difficult to recommend any specific treat-
ment. The indications for the use of systemic gluco-
corticoids are controversial, and their effects are
difficult to assess because, by nature, sarcoidosis is a
disease with frequent spontaneous remissions and
exacerbations. In general, systemic glucocorticoids
are recommended for the treatment of active ocular
disease, persistent hypercalcemia and nephrocalcin-
osis, central nervous system disease, myocardial in-
volvement, chronic skin lesions, progressive pul-
monary disease, and certainly impending laryngeal
obstruction (DeRemee RA, Zinsmeister AR, unpub-
lished material).>7-*° In this series of patients, corti-
sone was injected into the larynx on one or more oc-
casions in 4 patients and led to improvement of the
appearance of the larynx in 2 and no change in 2
others. In one patient, subglottic skin grafting led to
a favorable outcome and an excellent airway. A re-
cent report described a successful outcome after
supraglottic laryngectomy for supraglottic sar-
coidosis in one patient, who has remained free of
symptoms for 20 months after surgery.*
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Laryngotracheal invasion by well-differentiated thyroid carcinoma is an uncommon occurrence. Recommendations for therapy have
primarily included total laryngectomy or shaving of the tumor from laryngeal or tracheal cartilages. Clear guidelines have not been estab-
lished for the applicability of partial laryngeal resections. In a retrospective analysis of patients with thyroid carcinoma, 13 patients had
airway invasion. Of the five patients with laryngeal involvement, three were treated by a partial laryngeal resection. An experimental
study was undertaken to determine more precisely the amount of cricoid cartilage which could be resected without reconstruction. Varying
amounts of cricoid cartilage were resected. The results indicate that 25% of the cricoid cartilage may be resected without appreciable air-
way narrowing. On the basis of the retrospective analysis and experimental study, we feel a partial laryngeal resection is possible in most

cases of airway invasion by thyroid carcinoma.

INTRODUCTION

Laryngotracheal invasion by well-differentiated
thyroid carcinoma is an uncommon occurrence. Re-
ports in the literature vary from 1% to approxi-
mately 13%.'* However, of those patients who
eventually succumb to thyroid carcinoma, local re-
currence is the most common postmortem finding.®
Residual tumor involving either the laryngeal or
tracheal cartilages results in a high incidence of
local recurrence and potential for airway invasion.’

Surgical management of patients with thyroid
cancer invading the airway has primarily been total
laryngectomy. Clark et al,® in an analysis of 218 pa-
tients, noted that laryngectomy had been required
in 5. He felt that if the larynx or trachea were in-
vaded, these structures should be removed. Schindel*
performed a total laryngectomy in 8 of 225 patients
with thyroid carcinoma. Djalilian et al,? in a review
of 2000 cases, found seven patients had undergone a
total laryngectomy while two other patients under-
went a partial laryngeal resection. Lawson et al,’
on the other hand, reported on 6 patients with air-
way invasion, 5 of whom had local control of their
disease with conservation surgery. It was his feeling
that if the lesion was surgically amenable to a con-
servation procedure, this should be performed.

Although partial laryngeal resections for patients
with thyroid carcinoma invading the larynx have
been used successfully, clear guidelines have not
been established. The indications for partial laryn-
gectomy, both with intraluminal invasion as well as
minimal cartilage destruction, have not been eluci-
dated. Through a retrospective study of thyroid car-
cinoma treated at the University of Illinois and af-

filiated hospitals and an experimental animal study,
an attempt is made to clarify the criteria for partial
laryngeal resection.

RETROSPECTIVE STUDY

A total of 190 patients with thyroid carcinoma
were treated at the University of Illinois and affili-
ated hospitals between 1950 and 1980. Thirteen pa-
tients with well-differentiated tumors had airway
invasion, an incidence of 6.8% . Five of these pa-
tients had extension of the thyroid neoplasm into
the larynx or subglottic space, while the remainder
had varying degrees of tracheal invasion.

Surgical therapy used in treating these five pa-
tients included one total laryngectomy and three
partial laryngectomies. One patient, whose lesion
was thought to be amenable to a partial laryngeal
resection, refused surgery. Patients with tracheal
invasion were treated with various procedures (Ta-
ble 1). One patient’s tumor was deemed unresecta-
ble due to massive tracheal, mediastinal, and esoph-
ageal invasion and was treated with radiation ther-
apy. Two patients required anterior resection of
five and six tracheal rings. These tracheal defects
were reconstructed with bilateral sternocleidomas-
toid flaps. A tracheostomy, performed at the lower
margin of the reconstruction, was removed in less
than two weeks in both patients. Neither patient de-
veloped notable tracheal stenosis over extended fol-
low-up periods (16 and 18 years).

Of these 13 patients, 8 are alive with no evidence
of disease; 5 have either died or are alive with dis-
ease present (Table 2). Although a 15-year follow-
up period is not available for all 13 patients with
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TABLE 1. TREATMENT OF TRACHEAL INVASION

TABLE 2. SURVIVAL STATUS FOR 13 PATIENTS

Treatment No. Patients
Window resection 3
Resection with reconstruction 3
Tracheal resection, partial esophagectomy 1
Radiation* 1

*Massive tracheal, mediastinal, esophageal invasion.

airway invasion, it is apparent that the type of sur-
gical procedure performed had a marked effect on
the survival rate. In those patients where a wide ex-
cision of tumor was accomplished, survival was in-
creased. Inadequate surgical resection in our series
resulted in uncontrolled disease in 100% of pa-
tients.

CASE REPORTS

Case 1. A 63-year-old male had a 1.5 x 2-cm mass in the left
lobe of the thyroid fixed to the larynx. Direct laryngoscopy and
bronchoscopy showed no mucosal abnormality. He underwent
left thyroid lobectomy and isthmusectomy, at which time the
mass was found to be adherent to the cricoid. Tumor was shaved
off the cricoid, leaving residual disease on the cartilage. The
pathologic diagnosis was mixed papillary follicular carcinoma.

Two years postoperatively, the patient returned with a recur-
rent neck mass fixed to the larynx, again with no intraluminal
signs or symptoms.

On radioactive iodine (**'I) scanning the tumor displayed no
uptake. The surgical service treated the mass with external radia-
tion, which resulted in moderate shrinkage of the tumor mass.

Six years postoperatively, the patient was again admitted with
an increase in size of the neck mass. The patient also complained
of hemoptysis but had no hoarseness. Several enlarged neck nodes
were present, in addition to the mass adherent to the larynx. The
surgical service performed a radical neck dissection and partial re-
moval of the mass adherent to the cricoid.

Eight years after initial presentation, the patient returned with
massive hemoptysis. His voice remained normal. Bronchoscopy
revealed an intraluminal subglottic tumor, following which a
total laryngectomy was performed.

He was subsequently evaluated by one of us (MF) for voice re-
habilitation. Twelve years after initial presentation (four years
after laryngectomy), he is free of disease.

COMMENT. The pathologic specimen (Fig. 1A) revealed, both
grossly and microscopically, that approximately 25% of the an-
terolateral aspect of the cricoid cartilage was involved with tu-
mor.

Case 2. A 60-year-old female had a thyroid nodule. She under-
went a thyroid lobectomy and isthmusectomy at which time tu-
mor was noted to be adherent to the cricoid and was not com-
pletely removed. On referral to another institution, she under-
went a second neck exploration. Additional tumor was removed,
but residual tumor remained adherent to the cricoid. Pathologic
diagnosis was mixed papillary follicular carcinoma.

She was rehospitalized seven years after initial presentation
with a large anterior neck mass and hoarseness. Partial removal of
the tumor was again performed, and she subsequently was treated
with 1.

One year later she returned with an extensive neck mass. The
CT scan showed invasion of the cricoid and thyroid (Fig. 2A-C).
The patient was then referred to one of us (MF). The patient
underwent a partial subglottic resection, removing approximately
25% of the lateral aspect of the cricoid and thyroid cartilages.
The recurrent laryngeal nerve was resected since it was involved
with tumor.

Interval
Since Diagnosis NED AWD DOD
<5 years 2
<10 years 2 1 1
<15 years 3
> 15 years 3 1

NED - No evidence of disease; AWD - Alive with disease; DOD - Dead
of disease.

COMMENT. Reconstruction involved soft tissue closure of the
defect. In view of the numerous previous surgical explorations
and the postradiation treatment, reconstruction with cartilage,
bone graft, or flap was not considered advisable.

Postoperatively, the patient was decannulated in ten days. She
healed with minimal subglottic narrowing. She has a cord paral-
ysis but an adequate airway. She is active without any shortness of
breath, and she is currently free of disease two years after surgery.

Case 3. A 50-year-old female had a thyroid nodule, treated
with a thyroid lobectomy and isthmusectomy. The diagnosis was
a mixed papillary follicular carcinoma. Six years postoperatively,
she presented with right cervical adenopathy, at which time she
underwent a right radical neck dissection. Ten years postopera-
tively the patient presented with left cervical adenopathy, and
underwent a left radical neck dissection. Twelve years after the
first surgery, she had extensive recurrent neck disease and pul-
monary metastasis. The recurrent neck disease was excised and
she was treated with "*'I.

Subsequently, she had progressive enlargement of a neck mass
adherent to the thyrohyoid membrane. Twenty years after initial
presentation, she was admitted with airway obstruction and se-
vere dysphagia. Examination revealed an extensive supraglottic
mass obstructing the airway and requiring emergency tracheot-
omy. She underwent a supraglottic laryngectomy and partial
pharyngectomy. Decannulation was accomplished seven days
postoperatively. At present she eats normally and has a normal
airway.

COMMENT. Although any treatment in a patient with pulmon-
ary metastasis is palliative, this can be long-term. Removal of the
local disease causing severe airway obstruction with a partial la-
ryngectomy as opposed to a total laryngectomy is certainly opti-
mum palliation.

EXPERIMENTAL STUDY

Review of the literature and analysis of our cases
illustrate the need for several questions to be an-
swered. In cases of minimal laryngeal involvement,
how much can be removed without sacrificing func-
tion? In cases of more massive involvement, at what
point of resection is some method of reconstruction
essential?

An experimental model was designed to mimic
possible areas of subglottic laryngeal involvement
with thyroid carcinoma. Since other sites of laryn-
geal involvement fit into standard categories of par-
tial laryngectomy, these were not studied.

Six mongrel dogs underwent preoperative soft tis-
sue neck x-ray studies to establish the presence of a
normal subglottic airway. The six dogs then had
partial subglottic laryngectomies with varying
amounts of resection. The amounts of resection
ranged from a minimum of 25% cricoid resection
(Fig. 3A,B) with preservation of the recurrent la-
ryngeal nerve to a maximum resection of 50% of



Fig. 1. (Case 1) A) Pathologic specimen showing intraluminal subglottic involvement by tumor. B) Sketch illustrating area of in-
volvement found in pathologic specimen.
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Fig. 3. Anterior and lateral views of reconstructions following partial subglottic laryngectomies. A) (Dog 1) Cricoid resection, 25%.
B) (Dog 2) Cricoid and thyroid resection, 25%. C) (Dog 4) Cricoid resection, 50% . D) (Dog 6) Thyrotracheal anastomosis.
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Fig. 2. (Case 2) A) Tumor eroding right thyroid cartilage (arrows) and extending onto aryepiglottic fold (a). B) Deformity of the cri-
coid cartilage (arrow) adjacent to the tumor (T). C) Subglottic airway invasion by the tumor (arrows).

the cricoid (Fig. 3C). Table 3 indicates the exact
sites of resection.

Five of the six dogs had resections without recon-
struction. Each of these dogs had closure of the sub-
glottic defect with available soft tissue (strap mus-
cles). None of the dogs had tracheotomies per-
formed at the time of surgery. One of the dogs with
50% resection of cricoid and thyroid developed
massive subcutaneous emphysema and bilateral
pneumothoraces postoperatively. This dog died and
was therefore not available for follow-up study. Be-
cause the dog had no stridor or evidence of upper
airway collapse, the early death was thought to be
due to a technical error in closure.

Dog 6 had a 50 % resection of the anterior cricoid
ring extending from the right cricothyroid joint to
the left cricothyroid joint with identification and
preservation of both recurrent laryngeal nerves.
Primary thyrotracheal anastomosis was performed
(Fig. 3D).

Dogs were evaluated at 2 weeks, 4 weeks and 8
weeks by soft tissue neck x-ray films and direct
laryngoscopy and bronchoscopy. At the time of this
writing, 8-week results were available. The dogs
are being kept alive for long-term follow-up.

RESULTS

Five dogs were available for 2-month follow-up.
None of the dogs had stridor at any time. Dog 1,

TABLE 3. PERCENTAGE AND SITE OF RESECTION
OF CANINE LARYNGES

Percentage
Dog Resection Site
it 25 Cricoid
2 25 Cricoid and thyroid
3 25 Cricoid and thyroid plus
recurrent nerve transection
4 50 Cricoid
5% 50 Cricoid and thyroid
6 50 Cricoidf

*Dog 5 died in early postoperative course due to technical errors.
tWith primary thyrotracheal anastomosis.

which had a 25% resection of the cricoid, had a
normal bark and normal endoscopic findings at two
months. No narrowing, granulation tissue or scar-
ring was detected. Soft tissue x-ray views (Fig.
4A,B) of the subglottic airway were unchanged
compared to the preoperative x-ray views.

Dog 2, which had resection of 25% of the cricoid
and 25% of adjacent thyroid cartilage, also had
normal endoscopic and radiographic findings.

Dog 3 had an identical procedure to dog 2, except
that the recurrent laryngeal nerve was resected as
well. Postoperatively he had a breathy bark and
vocal cord paralysis, with an adequate airway. En-
doscopically, there was no subglottic narrowing.

Dog 4, with a 50% resection of cricoid, had a
normal bark and no stridor. Endoscopy at two

Fig. 4. (Dog 1) A) Postoperative endoscopic view showin
normal subglottic larynx. B) Postoperative lateral neclg(
x-ray film showing normal subglottic larynx.



LARYNGOTRACHEAL INVASION BY THYROID CA 31

% 5. (Dog 4) A) Postoperative endoscopic view showing
anced subglottic narrowing (arrow). B) Postoperative
lateral x-ray film confirming subglottic narrowing.

months, however, revealed subglottic narrowing
and a marked amount of granulation tissue. X-ray
examination confirmed the narrowed subglottis

(Fig. 5A,B).

Dog 6, with the primary thyrotracheal anastomo-
sis, had a mild amount of granulation tissue at two
months. However, there was neither endoscopic nor
radiographic evidence of narrowing (Fig. 6A,B).

Although none of the dogs developed stridor, we
believe this is partially due to the large size of the
canine larynx. Any evidence of narrowing present
at two months in the experimental dog would be
likely to suggest development of significant stenosis
in the human. Procedures in which no narrowing
could be detected at two months should result in an
adequate postoperative airway. Long-term findings
will be studied.

DISCUSSION

Patients with thyroid carcinoma invading the air-
way present difficult problems to the thyroid sur-
geon. The nature of the disease itself contributes
considerably to the quandary of how to manage
these patients. Unlike patients with squamous cell
carcinoma of the head and neck, patients with in-
vasive thyroid carcinoma can survive a long time
with clinically evident disease, whether the disease
islocal or metastatic.

Treatment of thyroid carcinoma at the initial
presentation remains controversial. Total thyroid-
ectomy or total lobectomy and isthmusectomy for
well-differentiated thyroid carcinoma have propon-
ents. Universally accepted, however, are two basic
principles of surgery for thyroid carcinoma. First,

% (Dog 6) A) Postoperative endoscopic view showing
d moderate granulation tissue (arrow) without scar tis-
sue formation. B) Postoperative lateral x-ray film showing
no subglottic narrowing.

all gross tumor should be removed. Second, wide
margins are not necessary and normal structures
should not be sacrificed.

Adhering to these principles in cases of airway in-
vasion by the thyroid carcinoma presents a surgical
dilemma. Since the site of airway invasion in most
cases is the subglottic space, no standard form of
partial laryngectomy is applicable. Therefore,
either tumor has been shaved off the laryngeal and
tracheal cartilages in cases of marginal invasion, or
total laryngectomy has been performed in cases of
more extensive invasion.

The results of retrospective analysis as well as the
experimental animal study indicate that less radical
surgery may be performed in some cases of intra-
luminal invasion of thyroid carcinoma. Conversely,
more extensive surgery may be necessary in patients
with cartilage invasion, but no intraluminal in-
volvement.

Although 3 of 5 patients with laryngeal invasion
were treated with partial laryngectomy, retrospec-
tive analysis suggests that all 5 lesions were amen-
able to a partial laryngeal resection. Invasion into
the subglottic airway did not necessarily dictate
that a total laryngectomy need be performed. These
patients may be managed with a subtotal subglottic
resection. Animal studies and clinical findings indi-
cate that up to 25% of the cricoid cartilage antero-
laterally may be resected without appreciable air-
way compromise. More extensive resections of the
cricoid cartilage would require reconstruction.
Criteria for subglottic partial laryngectomy include
adequate removal of disease, minimal functional
change, and an acceptable risk of complications.
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In those patients with cartilage involvement not
extending intraluminally, a more extensive resec-
tion than shaving the cartilage is required. Removal
of the involved cartilage should be performed. Re-
section of the cricoid cartilage can be treated as out-
lined. In cases of tracheal invasion, it is possible in
many cases to resect portions of the tracheal rings
without reconstruction. In those patients with min-
imal resections, closure of the defect with soft tissue
is adequate.

Patients with extensive subglottic involvement
may require resection of the entire anterior arch of
the cricoid. In those patients, a primary thyrotra-
cheal anastomosis is the preferable method of treat-
ment. Gerwat and Bryce'® and Pearson et al'' have
described the operative technique. Preservation of
the cricothyroid joint stabilizes the larynx and pro-
tects the recurrent laryngeal nerves (if they are not
involved with tumor).

Many techniques for reconstruction of tracheal
and laryngeal cartilages have been used. These in-
clude the hyoid flap or graft,'*** rib graft,'*** and
septal cartilage graft.'*'” Circumferential tracheal
resection has also been well described.'®*° Primar-
ily, these techniques have evolved from treatment
of subglottic stenosis and traumatic airway injuries
but are applicable in the treatment of airway inva-
sion secondary to thyroid carcinoma.

Patients with thyroid carcinoma have unique limi-
tations in reconstruction. Previous surgery, devas-
cularized strap muscles and supporting structures
and irradiation all tend to decrease the chance for
successful graft or flap reconstruction. For these
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reasons, we strongly consider two alternatives. In
minimal resections, reconstruction with soft tissue
has been shown to be adequate. In extensive resec-
tions, primary anastomosis is the preferable method
of treatment.

Our series reconfirms the importance of removal
of gross disease. In those patients in whom an inade-
quate surgical resection was performed, 100% had
uncontrollable disease and eventually died from
their thyroid carcinoma. Residual disease predis-
poses the patient to local recurrence with airway in-
vasion, possibly requiring extensive surgery.

CONCLUSIONS

On the basis of these observations we have reached
the following conclusions.

1. Thyroid carcinoma invading the airway can
usually be treated by partial laryngeal or tracheal
resection.

2. Total laryngectomy may be required in cases
of massive involvement.

3. Up to 25% of the cricoid cartilage may be re-
sected without reconstruction.

4. Resection of a portion of the thyroid cartilage
does not seem to alter the subglottic airway.

5. Primary thyrotracheal anastomosis is useful for
reconstruction of patients requiring resection of the
entire anterior cricoid arch.

6. Partial laryngeal or tracheal resection should
be considered even in cases with no intraluminal in-
volvement when the cartilage is involved. Gross tu-
mor should not be left behind.
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AGE-RELATED CHANGES IN THE EPITHELIUM
OF THE MONKEY LARYNX
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An experiment was designed to measure the area of subglottic squamous epithelium in a group of 14 adult monkeys. The animals were
much older than any so far available for medical research. The larynges were strained using pyronin Y, which stains respiratory epithelium
magenta and squamous epithelium pale pink. The areas of squamous epithelium inferior to the free margin of the vocal cord were
measured. The results showed that the subglottic epithelium increased with age (r= +0.61, p= <0.05). This finding may have impor-

tance in the staging of laryngeal carcinoma.

INTRODUCTION

The first mention of the epithelium of the larynx
in the scientific literature was by Galen’ in the sec-
ond century AD. In the late 19th century there was
much controversy over the origins of the various
types of epithelium in the larynx. This followed
Tourneux’s® writing that the free margin of the
vocal cords was covered with stratified squamous
epithelium and the adjacent areas with ciliated epi-
thelium. The argument was whether the squamous
epithelium was derived from physiological or
pathological metaplasia. Kanthack® supported the
physiological mechanism and Heymann* argued the
case for pathological metaplasia.

A search of the literature fails to reveal the transi-
tion point from squamous to respiratory epithelium
in the subglottic region. This area may have some
importance in the staging and pathogenesis of la-
ryngeal cancer as respiratory epithelium in the lar-
ynx has a rich lymphatic, whereas squamous epithe-
lium does not. It is noteworthy that the UICC
TNM?® classification divides laryngeal carcinomas
into supraglottic, glottic and subglottic, but does
not specify where lies the division between the
lower two regions. Stell et al® suggested that the
division between glottis and subglottis should be the
dividing line between squamous and respiratory ep-
ithelium. Kirchner and Som’ suggested the upper
border of the cricoid, and Ogura and Mallen,® a line
1 cm below the free edge of the cord.

A measure of the size of the squamous-lined sub-
glottis and the area of transition therefore may be of
importance. The purpose of this study was to try to
establish whether the area of the squamous epithe-
lium inferior to the free margin of the vocal cord
was constant or whether it varied with age. The
study was carried out on a group of rhesus monkeys.

MATERIALS AND METHOD

A group of 14 rhesus monkeys was used for the study. This was
from one of the oldest primate colonies of experimental animals.
Their age range was from 4 to 31 years (mean 15 years). The
group included two 24-year-olds and three 31-year-olds. These
latter animals might be expected to show some of the age changes
seen in centenarian humans.

The larynges were removed, washed and subsequently fixed in
10% formol saline.

The epithelium of the larynges was stained using pyronin Y
(Kodak). This dye stains ribonucleic acid.” After washing each
larynx, it was suspended in a 4% aqueous solution of pyronin Y
for one minute. The specimen was then washed to remove excess
dye. Pyronin Y stains respiratory epithelium magenta and the
squamous epithelium is left a pale pink color. This was confirmed
histologically.

The specimens were split sagitally into two equal parts. They
were then placed between two sheets of clear plastic (Perspex).
The outline of the hemilarynx was then traced onto cellophane
paper using a felt tip indelible marking pen. The areas of
squamous and respiratory epithelium were recorded. These
techniques have been fully described by Stell et al.'®

The tracings of the larynges thus obtained were transferred to
graph paper. This enabled the areas under study to be measured.
These results were recorded and correlated with the animal’s age.

RESULTS

It was found that the area of squamous epithe-
lium inferior to the free margin of the vocal cord
edge increased with age (table). Using the method
of least squares, an r value for squamous epithelium
in relation to age was obtained (r = +0.61, p =
<0.05). No islands of squamous epithelium were
seen in the respiratory epithelium-lined subglottic
area.

CONCLUSIONS

The results show that in the group of animals
studied, the area of squamous epithelium increases
in size with advancing age. This appears to con-
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AGE, SEX, AND SUBGLOTTIC SQUAMOUS
EPITHELIALIZED AREA FOR EACH ANIMAL

Area of Subglottic
Squamous Epithelium

Age (yr) Sex (sg mm)
4 M 10
4 M 17
4 M 10
8 F 23
8 F 30
8 F 21

13 F 8
13 F 26
13 F 13
24 M o0)
24 M 39
31 F 29
31 F O
31 F 50

n=14,r=4+06l1p= <0.05.

tinue even after skeletal growth has ceased. It is in-
teresting to note that Pautow'" in 1934 in a descrip-
tive histological study stated that the laryngeal
squamous epithelium increased with age, but did

not support his statement with any data.

These animals were free of many of the factors
that might be expected to contribute to pathological
metaplasia such as tobacco smoke or air pollution,
although local factors such as local and pulmonary
infection could not be excluded. The results tend to
support, therefore, Kanthack’s® suggestion that a
physiological metaplasia is involved. Hopp'’* in
1955 stated that occasional islands of squamous epi-
thelium are seen in the subglottic region in the adult
human larynx, but that these were rare and due to
pathological change. We did not note any islands of
squamous epithelium in our specimens. This may
have been due to a lack of a pathological stimulus.

If one is able to draw any parallel with the
human larynx, then the finding that the area of
squamous epithelium beneath the free edge of the
vocal cord increases in proportion to age may have
importance in the staging of laryngeal tumors.
These findings support Stell et al’s® contention that
for staging purposes the glottis should include the
area of squamous epithelium below the vocal cords.
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Functional voice disorders result from vocal misuse or abuse; they are more easily recognized than other psychosomatic disorders be-
cause the clinician is able to visualize the laryngeal structure and function. If those structures appear normal, then an aberration of voice
quality can be assumed to be functional. Functional dysphonia with prolonged aberrant vocal usage may lead to development of secondary
pathological lesions of the larynx, which, although true pathological entities, must be recognized as resulting from the underlying and pre-
ceding functional disorder. In this report, we present a classification of and an approach to the diagnosis and treatment of functional voice
disorders. On the basis of our clinical experience with 52 patients, we distinguished five types of functional voice disorders: type 1,
hysterical aphonia/dysphonia; type 2, habituated hoarseness; type 3, falsetto voice; type 4, vocal abuse; and type 5, postoperative dys-
phonia. Forty-eight of the 52 patients (92%) were followed for a median period of 16 months (range 2-51 months). Therapy yielded ex-
cellent results in patients with types 1, 2 and 3; good results with types 4 and 5.

INTRODUCTION

A voice disorder is termed “functional” when it is
primarily due to abuse or misuse of the anatomical-
ly and physiologically intact vocal apparatus. The
underlying cause may be obscure or obvious, but
prolonged abuse may result in the development of
nodules, polyps, ulcers, or granulomas of the vocal
cords.

The purpose of this paper is to present a
classification and approach to treatment of func-
tional voice disorders. The proposed system aban-
dons the use of terms such as hypokinetic and hyper-
kinetic and focuses on the underlying mechanism
and the clinical presentation. Although we present
five clinically discrete groups (types), we have only
limited data on some of the types and may not have
identified other types or subtypes of voice disorders
that can be termed truly functional.

MATERIAL AND METHODS

The medical records of 52 patients with a diagnosis of func-
tional voice disorder were reviewed and yielded the data for this
report. All patients were private patients seen by the senior author
(JAK) from July 1978 through December 1981.

There were 39 female and 13 male patients (female to male
ratio, 3:1). Their median age was 42 years (range: 6-76 years);
seven patients were younger than 16 years. The median duration
of symptoms before the patients were seen was 7 months (range
1-216 months); twelve patients (23%) had had a preceding bout
of viral laryngitis.

To have been diagnosed as having a functional voice disorder, a
patient had to have had a poor voice and a normal mirror
laryngoscopy or had to have demonstrated patterns of vocal abuse
with associated secondary pathological lesions. Patients with
unilateral lesions or a lesion attributed to smoking, or with altered
laryngeal physiology due to trauma or systemic illness (specifical-
ly, reflux esophagitis, thyroid disease, postinflammatory polyps,

and spastic dysphonia) were specifically excluded from the study
group. The voice problems were classified into one of five types by
the senior author (Table 1). The criteria for each classification
were as follows:

Type 1. Hysterical Aphonia/Dysphonia

1. Onset: sudden.
. Indirect laryngoscopy: normal.
. Often associated with a discrete precipitating event.
. No history of prior laryngitis.
. Associated symptoms: none.
. Voice quality:
a. Aphonia or whisper.
b. Pitch-locked (if any voice present).
c. Stable dysfunction (not intermittent or fluctuant).

D UL LD

Type 2. Habituated Hoarseness

1. Onset: persistence of hoarseness (for months or years) usual-
ly following an acute episode of laryngitis.
2. Indirect laryngoscopy; normal (except for occasional plica
ventricularis).
Associated symptoms: none.
Not associated with a discrete precipitating event but fre-
quently associated with “secondary gain.”
5. Voice quality:
a. Breathy, raspy, diplophonia, plica ventricularis (or a
combination).
b. Pitch-locked.
c. Stable dysfunction (not intermittent or fluctuant).

s

Type 3. Falsetto

1. Onset: developmental or sudden.
2. Indirect laryngoscopy: normal.
3. Associated symptoms: none.
4. Voice quality:
a. Abnormally high-pitched.
b. Pitch-locked.
c. Stable dysfunction (not intermittent or fluctuant).

Type 4. Voice Abuse

1. Onset: usually long-standing, intermittent or fluctuant
dysphonia.
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2. Vocal abuse resulting from:
a. Overuse.
b. Pitching the voice abnormally low.
c. Abnormal muscular tension in the larynx and neck
muscles.
d. Any combination thereof.
3. Indirect laryngoscopy: normal or associated with “secon-
dary” vocal nodules, polyps, ulcers, or granulomas.
4, Associated symptoms: throat pain coincident with the
dysphonia (worse after voice strain).
5. Voice quality:
a. Variable dysphonia.
b. Hard glottal attack.
c. Not pitch-locked.
d. Intermittent and/or fluctuant dysfunction.

Type 5. Postoperative Dysphonia

1. Onset: severe dysphonia secondary to vocal abuse after
operation.

2. Indirect laryngoscopy: normal or plica ventricularis, ulcers,
or granulomas.

3. Associated symptoms: throat pain coincident with dys-
phonia (worse after voice strain).

4. Voice quality:
a. Variable dysphonia.
b. Hard glottal attack.
c. Not pitch-locked.
d. Frequent plica ventricularis.

All patients had undergone a complete otolaryngological ex-
amination and 40 patients had been evaluated by a speech
pathologist. Eight of the patients underwent a neuropsychological
evaluation which included an interview with a trained
psychologist and a Minnesota Multiphasic Personality Inventory
(MMPI). A neuropsychological evaluation was carried out in
selected cases, both for research as well as for clinical purposes.
(Such an evaluation may not be necessary for most patients with
functional voice disorders; rather, referral to a psychologist or
psychiatrist may suffice when referral is indicated.)

Treatment consisted of voice therapy alone in 67% of pa-
tients, voice therapy and operation in 17%, and voice therapy
and psychiatric therapy in 6% . Five patients (10%) had been
counseled but had received no formal therapy; it had not been
recommended for 2 patients, and had been refused by 3 patients.
The therapeutic procedures employed are discussed later.

Follow-up examinations of all 52 patients were carried out
by the authors. “Late” follow-up (in March 1982) was also ob-
tained by telephone interviews with 48 of the patients (92%). The
results were judged by the authors as follows: excellent — voice
normal without recurrent episodes of aphonia or dysphonia dur-
ing the follow-up period; good — voice usually normal, but re-
lapse occurred at least once during the follow-up period; poor —
voice unimproved or improved but still poor.

Statistics. Due to the small sample size, medians and ranges
rather than means were used. Statistical significance of the ob-
served differences in the results of treatment in patients with type
1, 2, 4 and 5 disorders and type 4 subgroups was computed using
the chi-square and ANOVA methods.

RESULTS

Hysterical aphonia/dysphonia (Type 1). Four
female patients and one male patient (10 %) had ex-
hibited hysterical conversion reactions. Each pre-
sented with a sudden loss of voice: two were aphon-
ic and three whispered softly. In all, the vocal loss
was stable and not fluctuant, and the dysphonia (if
a voice was present) was “pitch-locked.” The me-
dian duration of symptoms before presentation was
two months (range: 0.5-17 months).

Complete voice restoration was accomplished

TABLE 1. CLASSIFICATION OF FUNCTIONAL
VOICE DISORDERS

% of Patients

Type Disorder (n=52)
1 Hysterical aphonia/dysphonia 10
2 Habituated hoarseness 28
3 Falsetto voice 2
4 Vocal abuse* 52
5 Postoperative dysphonia* 8

*Only type 4 and 5 disorders are associated with pathological abnor-
malities of the larynx. Lesions were present in 60% of the type 4 patients
(nodules — 13, polyps — 3, granulomas — 1) and lesions (nodules) were
present in one type 5 patient (20 % ). These 18 cases represented 35% of the
52 patients.

with voice therapy during the initial visit in four
patients, and after two therapy sessions in the fifth
patient. Neuropsychiatric evaluation including MMPI
was recommended to each of these patients, but on-
ly one patient agreed to be tested (a 45-year-old
male with multiple somatic complaints and severe
dysphonia; MMPI results showed elevated scales 1,
3, and 8 consistent with the diagnosis of hysteria).

The four female patients have remained asymp-
tomatic with normal voices (median follow-up per-
iod: 16 months; range: 3-34 months). The male pa-
tient continues to have occasional relapses, and psy-
chiatric therapy is in progress.

Habituated Hoarseness (Type 2). Thirteen female
and two male patients (28 % ) were classified as hav-
ing habituated hoarseness. The female to male ratio
in this group was twice that of the overall group
(6.5:1). The median age was 38.7 years (range:
14-76 years); the median duration of symptoms at
presentation was 11 months (range: 2-24 months).
In 12 of the 15 patients (80%), the dysphonia had
begun with a bout of viral laryngitis. Three patients
who denied having had laryngitis were included in
this group because of the chronicity of their hoarse-
ness and because, in all other respects, they resem-
bled type 2 patients. '

Indirect laryngoscopy had yielded normal find-
ings in 10 patients; 3 patients had had false vocal
cord voice and 2 had had mild Renke’s edema.

Voice therapy and counseling were the only
forms of therapy employed in this group. All 15 pa-
tients regained a completely normal voice, 12 (80%)
doing so on the initial visit. Neuropsychological
evaluation with counseling was suggested for three
patients; however, only one patient was actually
evaluated. Only 1 of the 15 patients has had recur-
rence of her hoarseness (median follow-up period:
16 months; range: 1-50 months).

Falsetto Voice (Type 3). Only one patient fell in-
to this category, a 53-year-old female who had sud-
denly developed an abnormally high voice one year
before we saw her. Her voice was restored with
voice therapy, and she was referred for psychologi-
cal evaluation and counseling because the neuro-
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TABLE 2. TYPE 4 RESULTS OF TREATMENT
ACCORDING TO SUBTYPE AND SEX

Results
Excellent Good Poor
TFS
M 3/7 (44%) 2/7 (28%) 217 (28%)
F 4/5 (80%) 1/5 (20%) =
Nodules
M 1/2 (50%) — 1/2 (50%)
F 5/10 (50%) 3/10(30%) 2/10 (20%)
Polyps
F 1/3 (33%) 2/3 (67%) =
Granuloma
1/1 (100%) — —

TFS - Tension-fatigue syndrome.

psychological evaluation had revealed a high psy-
chosomatic score and possible impending psychol-
ogical decompensation. Her voice is normal at
5-months follow-up.

Voice Abuse (Type 4). Of the 52 patients, 27
(52 %) were classified as vocal abusers. The female
to male ratio was 1.7:1. Sixteen (60%) had devel-
oped vocal nodules, polyps, or granulomas, and the
remaining 11 (40%), who had had normal mirror
laryngoscopic examinations, were classified as hav-
ing musculoskeletal tension disorders, hereafter re-
ferred to as “tension fatigue syndrome.” All nine of
the patients in the entire study group who used their
voices professionally were in this type 4 group. The
median duration of symptoms for these 27 patients
was 18 months (range: 2-216 months).

The results of treatment according to subclass
and sex are shown in Table 2. Follow-up ranged
from 1 to 38 months (median: 17 months). The best
results were obtained in women with tension fa-
tigue syndrome; the worst results in men with ten-
sion fatigue syndrome. However, the 5 patients
with poor results had received no treatment (2
males with tension fatigue syndrome and 1 female
with nodules had refused therapy, and no therapy
was recommended for 2 children with nodules).

A chi-square test of the differences observed in re-
sults between male and female patients as well as
between the subclasses revealed that none was sta-
tistically significant.

The nine patients in the entire series who were
treated surgically all had type 4 disorders. All were
women, three of whom had polyps and six of whom
had nodules. The final results of operation were ex-
cellent in six patients (67 %) and good in three pa-
tients (33%). (Of the 9 patients treated surgically
by one of the authors, 3 developed transient postop-
erative plica ventricularis, which was responsive to
voice therapy in every case).

The overall results for type 4 subjects were: ex-
cellent — 56 % ; good — 26 % ; and poor — 18 % .

Postoperative Dysphonia (Type 5). Four patients
had presented with severe dysphonia following op-

erations at other institutions: bilateral vocal cord
stripping in three patients, unilateral vocal cord
stripping in one patient. One of the 4 had had se-
vere dysphonia of the tension fatigue syndrome
type; 1, a child, had developed recurrent nodules
within six months of operation; and the other 2 pa-
tients employed a false vocal cord voice. The me-
dian duration of symptoms before presentation was
three months (range: 1-6 months). Combining these
four patients who had presented with type 5 dis-
orders with the four type 4 patients who had devel-
oped type 5 disorders after operative treatment pro-
vided a group comprising 15% of the study popula-
tion.

In this group, 5 of the 8 patients (63% ) employed
false vocal cord voices postoperatively. Late follow-
up of those eight patients showed 50% with excel-
lent results, 25% with good results, and 25% with
poor results. The median follow-up period was 12
months (range: 6-28 months). These results are sim-
ilar to the results observed in type 4 dysphonias.

Neuropsychological Evaluation. Four patients
from group 4 and one patient each from the other
groups had neuropsychological evaluations. The
MMPI was interpreted as “psychosomatic” (classic
conversion “V”; elevated 1, 3 scales) for 6 of the 8
patients, while two of the scores were normal. Eval-
uations suggested psychiatric disturbances in three
patients (for which psychiatric referral was made);
none of the patients were psychotic.

The neuropsychological evaluations were recom-
mended for the few patients (15%) who were felt to
be unresponsive to voice therapy due to psycholog-
ical factors and for patients who seemed to display
obvious psychopathological behavior. Further study
is needed to clarify the contributing psychological
factors in order to achieve a better understanding of
the most effective therapeutic approach.

Comparative Results of Treatment: Types 1-5.
The results of treatment for each type suggest that
the overall prognosis in the functional voice dis-
orders is dependent upon the presence or absence of
pathological lesions of the larynx (Table 3). A statis-
tical analysis of the differences in results of the in-
dividual types was not possible due to the small
numbers in some of the groups. However, when the
“non-lesion types” (types 1, 2, and 3) were grouped
and compared with the grouped “lesion types”
(types 4 and 5), the difference in the results of
therapy was significant at a p<.01 level.

DISCUSSION

Arnold and Pinto,' Arnold*? and Aronson* have
contributed toward the classification of functional
voice disorders; however, no unifying classification
has been presented in the medical literature, despite
the available data on many such disorders. Hysteri-
cal mutism, aphonia and dysphonia, for example,
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TABLE 3. FUNCTIONAL VOICE DISORDERS:
RESULTS BY TYPES (1-5)

Results
Type _ Excellent (%) Good (%) Poor (%)
1 415 (80%) 15 (20%) =
2 12/13 (92%) 1/13 8%) —
3 1/1 (100%) B s
4 15/27 (56%) 7127 (26%) 5127 (18%)
5 1/4 (25%) 14 (25%) 204 (50%)
*4/8 (50%) *9/8 (25%) *2I8 (25%)

*Type 5 results including four type 4 patients who also had developed
postoperative dysphonia.

are well-described’” and are easily recognized, but
are considered to be clinically discrete disorders.
Polyps, nodules, contact ulcers, and granulomas,
all well-known sequelae of vocal abuse, tend to be
reported as separate entities rather than together as
a single group.®-*° Indeed, all the components of the
classification presented here are well-known, but
are seldom considered in the context of a common
etiology.

Hysterical Aphonia/Dysphonia (Type 1). Carter®
studied 100 cases of hysterical conversion reaction,
excluding cases with diffuse or complicated symp-
toms, and noted that aphonia was, indeed, the most
common conversion symptom (29%). In his series,
70% of patients were females, and while initial
therapy successfully restored the voice in 100% of
patients, follow-up of 27 patients 4 to 6 years later
showed that only 68 % had maintained a restored
voice; 28% were improved; and 4% were unim-
proved. However, Carter concluded that “hysteri-
cal aphonia by itself is a symptom of only mild men-
tal disassociation and has a very good prognosis.”*

Habituated Hoarseness (Type 2). In Carter’s ser-
ies of patients with hysterical conversion reactions,
many had aphonia following viral laryngitis.*> Aron-
son has also suggested that “conversion aphonias
and dysphonias are often triggered by cold or flu
and associated laryngitis.”* However, it is useful to
separate the true hysterical conversion reaction
from postviral chronic hoarseness: first, because
more significant psychopathology may be associ-
ated with the true conversion reactions; second, be-
cause the long-term prognosis is probably better for
the patient with postviral chronic hoarseness; and
third, because the underlying cause is different for
each group. In conversion reactions, the hysterical
symptom (aphonia) is unconsciously selected and is
usually of symbolic significance.*” In postviral
habituated hoarseness, on the other hand, the pa-
tient has simply made a chronic adaptation to an
acute dysfunction, usually with some secondary
gain.

Falsetto Voice (Type 3). Falsetto voice is uncom-
mon, but is easily recognized. The larynx appears
normal but the voice is disproportionately and inap-
propriately high-pitched. Correction is almost uni-

formly achieved by suggestion and reassurance.

It is likely that patients with falsetto voice can be
divided into two subcategories. The first includes
adolescents with preadolescent voices (mutational
falsetto), and the second includes adults with acute
onset falsetto (probably representing hysterical con-
version reactions).

Vocal Abuse (Type 4). Unlike the first three types
discussed which are associated with vocal misuse,
this type is associated with functional abuse. Type 4
patients are prone to developing vocal nodules,
polyps, ulcers, granulomas and lesions unassociated
with the other functional types.

Other vocal abusers experience intermittent ten-
sion, fatigue, hoarseness and throat pain (the ten-
sion fatigue syndrome) without producing histopa-
thological changes in the larynx. Patients in this
group seem to be exclusively adult and are predom-
inantly male. They are frequently ambitious, ag-
gressive, hard-driving persons, and some are overly
masculine, employing a fundamental voice pitch
that is excessively low.* Our data and that in the
literature suggest that tension-fatigue syndrome is
the only functional voice disorder other than
screamer’s nodules that is more common in male pa-
tients. While type 4 females may develop tension-
fatigue syndrome, they seem more prone to devel-
oping nodules or polyps. Children who abuse their
voices are most prone to develop nodules.

Postoperative Dysphonia (Type 5). Some patients
who undergo an endolaryngeal operation return to
the surgeon’s office for follow-up with severe
dysphonia. These patients demonstrate a violent
glottal attack, which represents a vain attempt to
produce a normal voice. Some may speak with a
false vocal cord voice or may even have developed
postoperative ulcers or granulomas of the vocal
cords. (We do not consider false vocal cord voice a
distinct disorder type, even though 8 of the 52 pa-
tients (15%) in this series presented with or devel-
oped false vocal cord voice. Five of the 8 patients
had developed postoperative plica ventricularis and
3 had had postviral laryngitis. Arnold' suggested
that false vocal cord voice was a secondary form of
“laryngitis” resulting from a primary vocal dis-
order. The data from this study also suggest that
false vocal cord voice may simply be a compen-
satory mechanism associated with painful speaking,
and that habituation is common. False vocal cord
voice may, therefore, represent a symptom only and
not a disorder entity.)

Postoperative dysphonia seems to occur in pa-
tients who either are not adequately prepared pre-
operatively or are noncompliant with postoperative
voice conservation measures. Thus we believe that
the incidence of postoperative dysphonias may be
reduced by preoperative vocal reeducation of cer-
tain surgical patients.
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Approach to Patients with Functional Voice Dis-
orders. In laryngology, when the voice is dispropor-
tionately poor compared to the laryngeal findings, a
functional voice disorder should be suspected. Since
prompt voice restoration is the best confirmation of
the diagnosis, the clinician should proceed with
therapy as soon as the diagnosis is made, and avoid
labeling the patient as psychosomatic, even though
that may be the case. Since most patients seem to
accept the concept that dysfunction may be the re-
sult of stress, the clinician should suggest it. Such an
explanation serves three purposes: First, the patient
is reassured that many normal persons have func-
tional problems; second, the clinician suggests that
he or she is willing to help; and third, the clinician
implies that the patient will have a role in the
therapeutic process.

Prompt vocal restoration may be achieved through
techniques that encourage the patient to use any
other voice, eg, falsetto; the clinician then works
with the patient to extend incrementally the phona-
tory signal until a normal voice is achieved (asking
the patient to cough, to clear his or her throat, or to
meow like a kitten are effective maneuvers). If the
clinician is successful in reestablishing the patient’s
voice, he or she should still refer the patient to a
speech pathologist, who can reinforce the initial
success. When the clinician is unsuccessful, he or
she must be careful not to risk alienating the patient
by expressing displeasure in the patient’s response.

The speech pathologist employs relaxation tech-
niques such as deep abdominal breathing, and re-
peats those methods already tried by the otolaryn-
gologist. Biofeedback is another useful tool in the
treatment of functional voice disorders, and a
Vocal-2 Visible Training System or Fundamental
Frequency Indicator may be employed. In resistant
cases, a portable audiometer can be used to produce
white noise masking.

Type 4 patients vary widely in terms of age, occu-
pation, duration of symptoms, and motivation.
Voice therapy remains the cornerstone of treat-
ment, but the proportion of noncompliant patients
resistant to such therapy is notably higher in this
group than in the others.

Voice therapy techniques for type 4 patients are
similar to those used in type 1, type 2, and type 3
patients, with the exception that the primary focus
is on reducing or eliminating vocal abuse. Tech-
niques toward this end include charting vocal be-
havior on a daily basis and voice taping for play-

back purposes, which are important because they
reinforce the patient’s awareness of normal versus
abusive vocal patterns. Relaxation exercises and ef-
ficient use of the breath stream are also emphasized.

Postoperative dysphonia (type 5) patients may
represent a special variety of type 4 patients. Post-
operative dysphonia patients tend to be hostile and
are poorly motivated. They are inclined to blame
the surgeon for the poor result if not preoperatively
counseled, and they may be resistant to therapy.

Routine preoperative voice therapy may be indi-
cated for every vocal abuse patient with a surgical
lesion. The patient should be forewarned that a
hard glottal attack or any vocal abuse in the post-
operative period may result in severe dysphonia and
possibly even lead to the development of new le-
sions.

Patient motivation is the key to a successful ther-
apeutic outcome in the functional voice disorders,
and some patients with functional voice disorders
may actually prefer dysphonia to a normal voice.
This preference is especially common in those who
use their voices professionally. Some use a “charac-
ter” voice; in others (the late Louis Armstrong, for
example), vocal abuse had led to the development
of a uniquely individual voice quality. Patient
motivation should therefore be evaluated in each
case before formulation of a treatment plan.

Neither our experience nor that reported in the
medical literature suggests the need for routine
psychiatric therapy in patients with functional
voice disorders. Such referral should be made
whenever failure of treatment is thought to be due
to psychological factors, or whenever a significant
psychopathological condition is suspected.

CONCLUSIONS

1. A functional voice disorder should be suspected
whenever a patient’s dysphonia seems out of pro-
portion to the laryngeal findings.

2. Chronic (habituated) hoarseness resulting
from an acute viral laryngitis may be a discrete
functional syndrome with an excellent prognosis.

3. Hysterical aphonia, habituated hoarseness and
falsetto voice are more easily treated than the vocal
abuse and postoperative dysphonia syndromes.

4. Voice therapy is essential for patients with
functional voice disorders and particularly preoper-
atively for vocal abusers with surgical lesions.
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PATHOGENESIS OF VOCAL CORD POLYPS

OSKAR KLEINSASSER, MD

MARBURG, WEST GERMANY

Polyps of the vocal cords are a separate entity occurring nowhere else in the larynx or in the human body. Gelatinous and telangiectat-
ic, but mainly transitional types of polyps can be discriminated. Histological, histochemical and electron microscopic investigations on a
series of polyps show that an alteration of the permeability of blood vessels may be of importance, allowing the extravasation of edema
fluid, fibrin or erythrocytes. Following this, reactive processes develop with the formation of labyrinthine vascular spaces. This process is
very similar to the organization of a thrombus. Since polyps occur mainly in people who use their voices very intensively, and develop at
the site of maximum muscular and aerodynamic forces exerted during phonation, vocal cord polyps are considered a sequela of a phono-

trauma.

Polyps of the vocal cords are by far the most com-
mon benign lesions of the larynx. Polyps are a
separate entity which can be discriminated easily
from other forms of so-called laryngeal nodules; for
instance, the true singer’s nodules occurring in
women only, the screamer’s nodules in children of
both sexes, and the polypoid corditis or Reinke
edema. True polyps arise only on the vocal cords
and in no other part of the larynx. Neither can
polyps or analogous or even similar lesions be found
anywhere else in the human body.

In a series of 900 vocal cord polyps which were
removed by endolaryngeal microsurgery at the
Clinic of Otolaryngology and Head and Neck Sur-
gery of the University of Marburg 76% of the pa-
tients were males and 24 % females. Most of the pa-
tients were between 30 and 50 years of age — the
men averaged 40, the women 38 years; none of the
patients were younger than 20 years of age. Of all
these patients, 80-90% were smokers. Many of
them reported that they had used or abused their
voices professionally or habitually. Ten percent of
the polyps were multiple and bilateral; 5% were
multiple and unilateral.

Microlaryngoscopically two extreme types can be
recognized: one of these is the glassy translucent
gelatinous form; the second is the telangiectatic
polyp. In some early lesions of the telangiectatic
type a blister or convolute of capillaries can be seen.
In more advanced forms there appear grape- or
even raspberry-like convolutes of blood vessels
which become more and more pedunculated. But
most common are transitional forms with a nucleus
of tortuous vessels embedded in a gelatinous sub-
stance covered by squamous epithelium.

Polyps have been called products of inflamma-
tion, allergic or immunologic processes or the
results of trauma. Since none of these theories ap-

peared plausible, we performed histological and
histochemical investigations on a series of 100 con-
secutive vocal cord polyps. In addition, with the as-
sistance of Professors H. Frenzel and W. Hort (In-
stitute of Pathology, University of Diisseldorf), ten
additional polyps were examined by electron micro-

scopy.'

In the polyps which appear gelatinous macro-
scopically and histologically the stroma is very loose
and edematous (Fig. 1A). Between the sparse colla-
gen fibers lie blood vessels which have mostly a nar-
row lumen and relatively thick walls. Often cell-
free sinus-like spaces lined with endothelial cells
develop; in other areas within the stroma lake-like
areas filled with a slightly basophilic fluid appear
(Fig. 2 A), condensating sometimes to plaques of an
eosinophilic material (Fig. 2B).

Some of the telangiectatic polyps are tightly filled
with a dense nearly homogenous eosinophilic ma-
terial around irregularly arranged vascular spaces.
Most common are mixed forms consisting of a vas-
cular nucleus surrounded by loose fluid-rich tissue
(Big. 1E):

Going further into the details of this vascular nu-
cleus we find the deposits of the eosinophilic mater-
ials primarily around the walls of the vascular
spaces, arranged either in larger or multiple small
plaques. These eosinophilic deposits sometimes ap-
pear to be penetrated or organized by newly devel-
oping vascular sinuses. In this way some pictures re-
mind one of a vascular labyrinth or even a renal
glomerulus (Fig. 3A, B). These vascular labyrinths
are lined with endothelial cells. In some cases bud-
like endothelial proliferations and newly formed
vessels show that the organization of these deposits
is a very active process (Fig. 4A, B).

By histochemistry and electronmicroscopy we
could identify these deposits as fibrin.! We were
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especially interested in the vascular walls. In the
gelatinous polyps the blood vessels were largely
identical to the blood vessels of the normal vocal
cords. Only seldom could a small gap be found be-
tween neighboring endothelial cells. The outer
layers of the basal membrane were irregular and
often incomplete, and mixed with the delicate col-
lagen fibers of the loose stroma. Thereby the im-
pression is given of a relatively thick vessel wall. In
the telangiectatic parts of a polyp we often found
gaps in the vascular walls permitting the extravasa-
tion of erythrocytes.

Summarizing the results of the morphological in-

Big. 1. Af Gelatinous type of vocal cord
olyp. Polyp is filled with edema fluid in
oose stroma, with several dilated vessels in
right part. B) “Nucleus” of these telan-
giectatic polyps consisting of dense eosino-
philic material and dilated vascular spaces.
C) Most common “mixed type” vocal cord
polyp containing vascular spaces of different
configuration, deposits of (f:ense eosinophilic
material with edema. (x25)

vestigations our interpretation of the pathogenesis
of vocal cord polyps is as follows. In the beginning
of the process damage to the walls of the submucous

~capillaries of the vocal cords takes place. Coiled

vessels and sinusoid vessels can appear. Depending
on the extent of the damage an increased permea-
bility of the vascular walls develops. Either a thin
fluid permeates or a compact fibrin insudation
emerges.

The reaction of this fibrin precipitation on the.
neighboring blood vessels and the connective tissue
leads finally to a vascularization of the fissures be-
tween the fibers of the fibrin deposits. These pic-
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Fig. 2. A) Exudation of a thin fluid in a gelatinous polyp. B) In another case within the mucoid material more dense eosino-
philic deposits appear which could be identified as fibrin. (x100)

tures are very similar to the organization of a
thrombus. Gaps in the endothelial-lined sinus-like
blood vessels cause the further efflux and the deposi-
tion of more blood constituents, and allow the in-
crease in size of a polyp. Gelatinous and telangiec-
tatic polyps have presumably the same formal gene-
sis, since the slimy edema and the fibrinous secre-
tions obviously are only expressions of a different
permeability of the vascular walls.

Coming back from histopathogenesis to clinical
observations: polyps develop with few exceptions on
the middle of the surface of the vocal muscle. This is
the place where the maximal aerodynamic and mus-
cular forces hit one another during phonation, and
most of our patients report an intensive use of their
voices. Etiologically the human vocal cord polyps
therefore could be considered as the results of a pho-
notrauma.

Fig. 3. A) Glomerulus-like labyrinth which develops during organization of a fibrin deposit (x80). B) Sponge-like labyrinth
of vascular spaces lined with endothelial cells in the process of organization of a fibrin deposit (x400).
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Fig. 4. A) Bud-like endothelial proliferations as a part of the organization process (x100). B) Newly formed vascular spaces in
a mainly gelatinous polyp (x200).
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ENDOSCOPIC REHABILITATION OF THE AIRWAY
IN LARYNGEAL PARALYSIS

FERNANDO R. KIRCHNER, MD, FACS

KANsAs CITy, KANSAS

This paper deals with the three most commonly encountered laryngeal problems that are related directly or indirectly to laryngeal pa-
ralysis. These problems are compromised airway secondary to excessive injection of Teflon paste, abductor paralysis of the vocal cords and

posterior commissure laryngeal webs.

The dissecting microscope plus the use of focal
heat, whether applied by the microcautery'-* or the
laser beam, for surgical purposes has greatly ex-
panded the field of endoscopic surgery. This report
is based on two observations previously reported by
the author. 1) The anatomical compartment oc-
cupied by the thyroarytenoid muscles may be surgi-
cally used to enlarge the airway by removing the
fibers of this muscle and lateralizing the vocal liga-
ment. 2) The posterior commissure is an important
part of the airway since the arytenoids constitute
about one fourth to one third of the anterior poster-
ior diameter of the glottic aperture.

The purpose of this presentation is to describe
three simple endoscopic techniques that have been
used and the results that have been obtained in the
rehabilitation of the airway in patients with 1) uni-
lateral adductor paralysis with compromised air-
ways secondary to excessive injections of Teflon; 2)
bilateral abductor paralysis of the vocal cords; 3)
revision surgery after arytenoidectomies that fail to
produce adequate airway because of the formation
of posterior commissure web.

EXCESSIVE INJECTION OF TEFLON

Teflon particles suspended in glycerin when in-
jected in adequate amount into the thyroarytenoid
muscle produce an indolent and stable granuloma.®
This technique has been widely used as an augmen-
tation procedure to accomplish the medial displace-
ment of a laterally paralyzed vocal cord to improve
voice and cough. Variable degrees of airway ob-
struction ensue, however, when the amount of Tef-
lon is grossly increased and the site of injection im-
properly selected.

In the past several years 11 patients with airway
obstruction after Teflon injection, including 2 with
indwelling tracheostomies, have been successfully
rehabilitated using the microcautery and simple en-
doscopic approaches. The anatomical distortion en-
countered in most of them has been either exophytic

bulges or large intramural distortion producing im-
brication of one cord upon the other or a combina-
tion of these two forms.

While the simple excision of the exophytic bulge
with the microcautery was sufficient to rehabilitate
the first group of patients, it required the excision of
a block of infiltrated tissue and drainage to produce
the improvement in the second group of patients.

LATERALIZATION OF VOCAL CORDS

The technique of lateralization of vocal cords has
been used in 22 patients with bilateral abductor
cord paralysis. All of these procedures were carried
out with the aid of the microcautery, using routine
endoscopic approaches.

The treatment consisted in the segmental remov-
al of the thyroarytenoid muscle fibers adjacent to
vocal ligament down to the conus elasticus medially
and the thyroid cartilage laterally (Fig. 1A, B). This
surgical excision is easily carried out with micro-
cautery. The resultant surgical defect is then closed
after lateralizing the vocal cord by means of two
sutures of No. 2 Prolene that are introduced into the
endolarynx above and below the vocal ligament
through the lumen of two hypodermic needles (Fig.
1C). The splicing of these two sutures is always per-
formed on the outside after extracting them from
the endolarynx through the laryngoscope with the
aid of a laryngeal alligator forceps. Adequate ten-
sion adjustments of these sutures on the surface of
the neck are very important to prevent the sutures
from injuring the laterally displaced vocal liga-
ment. This adjustment and permanent fixation is
easily accomplished by crimping lead sinkers
around these sutures upon a padded button. Occa-
sionally it is necessary to resect with a cup forceps

* an outstanding vocal process when this portion of

the arytenoids protrudes into the airway after the
vocal ligament has been lateralized. Three weeks
later the stitch is removed via direct laryngoscopy.
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Fig. 1. A) Longitudinal section of larynx demonstrating the compartment occupied by the thyroarytenoid muscle. B) In the
lateralization of the vocal ligament a wedge of thyroarytenoid muscle is removed with the microcautery. C) Closure of the defect
produced is accomplished with two sutures introduced into the larynx through lumen of hypodermic needles.

Experience gained with these 22 patients has
demonstrated that in order to produce a functional
airway two requisites are necessary: first, laterali-
zation of the vocal ligament of at least 5 mm, and in
addition an anterior posterior diameter of the glot-
tic opening, in the adult, of no less than 22-27 mm
in length.

It is important to mention that the voice quality
of these 22 patients changed to a more whispery
coarse type after the lateralization of the vocal liga-
ment was achieved. All of them, however, preferred
this change rather than the alternative of chronic
glottic obstruction or the inconveniences of wearing
a tracheostomy tube.

REVISION SURGERY AFTER ARYTENOIDECTOMY

The following revision procedures have been suc-
cessfully used in six patients whose airways re-
mained impaired in spite of arytenoidectomies. The
cause of failure of these initial procedures was
found to be produced by a posterior cicatricial web
that reduced by about one third the anterior poster-

ior diameter of the airway in spite of an apparent
adequate lateralization of the vocal cord. In three
of these patients the reconstitution of the posterior
commissure was accomplished in a rather simple
fashion since the web obliteration yielded to a
linear incision with minimal epithelial denudation.
To avoid reformation of the web, however, a piece
of reinforced Silastic sheeting was inserted into the
surgical crevice and held in place by two parallel
sutures, introduced into the larynx by two transfix-
ion sutures using Keith needles from the right sur-
face of the neck to the left surface with endoscopic
guidance and visualization.

In the remaining three patients the scarred tissue
was found to be broader and thicker in nature and,
therefore, a wider incision became mandatory. A
split-thickness skin graft was coadapted to the
Silastic sheeting in order to provide the necessary
epithelial coverage because of the extension of the
epithelial denudation, which, when measuring the
two surfaces, amounted to more than one square
centimeter. The sutures and Silastic sheeting were
removed six weeks later.
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PREDICTIVE FACTORS OF SUCCESS OR FAILURE IN THE
ENDOSCOPIC MANAGEMENT OF LARYNGEAL
AND TRACHEAL STENOSIS
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STANLEY M. SHAPSHAY, MD CHARLES W. VAUGHAN, MD
BOSTON, MASSACHUSETTS

Stenosis of the larynx and/or trachea presents perplexing problems. No one technique has proved totally satisfactory in the manage-
ment of all varieties of stenosis. Recent reports have described the successful use of the CO, laser in the endoscopic management of stenosis
of the larynx and trachea. Failures of this technique need emphasis to assure appropriate selection of therapeutic method. Retrospectively,
49 cases of laryngeal stenosis, 6 cases of tracheal stenosis and 5 cases of combined laryngeal and tracheal stenosis were studied (total 60 pa-
tients) following treatment at the Boston University Affiliated Hospitals. Follow-up ranged from 1 to 8 years. Multiple procedures were re-
quired in 35 laryngeal patients. Of the laryngeal patients 39 were successfully managed (average number of procedures in successful cases
2.18). Of 11 tracheal patients with combined laryngeal and tracheal procedures, 3 were successfully managed (average number of pro-
cedures in successful cases 6). Failures in laryngeal stenosis included four patients in whom an adequate airway was not established though
voice was present while maintaining tracheostomies. Thirteen patients failing endoscopic management required open surgery with good
result. Factors associated with poor result or failure include circumferential scarring with cicatricial contracture, scarring wider than 1 cm
in vertical dimension, tracheomalacia and loss of cartilage, previous history of severe bacterial infection associated with tracheostomy, and
posterior laryngeal inlet scarring with arytenoid fixation. In these circumstances, multiple procedures, more extensive alternative open
surgical techniques, or maintenance of tracheostomy were necessary. In successful cases only three or fewer procedures on average were re-
quired. The factors associated with failure or success of endoscopic methods in the management of laryngotracheal stenosis, including use
of the CO, laser and soft Silastic stents, are analyzed.

INTRODUCTION hospitalization. Open surgical methods involve ex-
cision of stenotic lesions followed by reconstruction,
but require perhaps greater costs in time and re-
sources, with greater potential morbidity. Both
methods can be effective if used properly.

Stenosis of the larynx and trachea can present
perplexing problems. While not new, these clinical
entities now most often result from different causes
than previously. Caustic ingestions are far less fre-

quent, and the infectious diseases associated with In an effort to understand what factors may be

stenosis are now infrequent. New knowledge of associated with the successful use of endoscopic

physiology and advances in applied technology methods in the management of laryngeal and tra-
. have allowed prolonged life-support efforts with ar- cheal stenosis, we undertook a study of a series of

tificial ventilatory support mechanisms. These cases managed endoscopically. Specifically, the fac-

methods, unfortunately, are sometimes associated tors which appeared associated with failure were

with subsequent laryngeal and tracheal stenosis sought.

following airway trauma. High speed motor vehicle

accidents produce crushing injuries to airway struc- MATERIALS AND METHODS

tures. New surgical techniques, such as cryosurgery

and the laser, if used inappropriately, without ade- Sixty patients undergoing endoscopic treatment for laryngeal,

tracheal or combined laryngotracheal stenosis between 1974 and

quate skill or precautions, may severely injure air- 1981 at Boston University Affiliated Hospitals and whose records
way structures. were available for review were subjected to retrospective analysis.
v Follow-up was from 1 to 8 years. The patients‘ ages ranged from

Whatever the cause, the clinical problems are the two months to 72 years. The series included 49 cases of laryngeal
same. The surgeon facing them must select the most stenosis, 6 cases of tracheal stenosis and 5 cases of combined
effective method, but on what factors should he laryngeal and tracheal stenosis. Laryngeal stenosis cases were fur-

ther classified into supraglottic (6 cases), glottic (12 cases), and

base his decision? subglottic stenosis (31 cases) for analysis.

The methods available f(?r the Surgeon_,s selection Of the 6 supraglottic stenosis patients, 4 followed supraglottic
are of two general categories. Endoscopic methods laryngectomy, 1 developed with Crohn’s disease, and 1 followed
include traditional dilatation and newer techniques blunt trauma.

UtiliZing stents and laser excision of stenotic areas, Glottic stenosis was present in 12 patients and resulted from en-
all havmg the advantage of lessened mOI‘bidity and dolaryngeal intubation in 5. Congenital webs were present in two

From the Department of Otolaryngology, Boston University School of Medicine.
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48



ENDOSCOPIC MANAGEMENT OF LARYNGEAL & TRACHEAL STENOSIS 49

SUCCESSES AND FAILURES IN ENDOSCOPIC MANAGEMENT

Average No. of

Endoscopic Failures Successfully Failures with
No. of Successes Procedures Failures Treated wit Good Voice but
Cases No. % to Success No. % Open Surgery Tracheostomy
Laryngeal
Supraglottic 6 4 (66.7) 1.25 2 5(38.3) 1y 1
Glottic 12 9 (75.0) 1.66 3 (25.0) 2 1l
Subglottic 31 25 (80.6) 2.44 6 (19.4) 4 2
Subtotal 49 38 (77.5) 2.11 1l (2214) 6 4
Tracheal 6 2 (33.3) 6.0 4 (66.7) 3 1
Laryngeal & tracheal 5 1 (20.0) 1.0 4 (80.0) 4 2
Total 60 41 (68.3) 198 4(31:7) 18 (21.7) T (LT
*Deceased.

patients. Postsurgical webbing, partial laryngectomy (vertical
hemilaryngectomy), rheumatoid arthritic cricoarytenoid joint fix-
ation, ideopathic cricoarytenoid joint ankylosis, and post-
traumatic arytenoid fixation each produced one case of glottic
stenosis.

Thirty-one patients had subglottic stenosis; 25 of these were
secondary to endotracheal intubation. High tracheotomy produc-
ed two cases and two followed blunt trauma. Median thyrotomy
for endolaryngeal surgery resulted in one case of subglottic
stenosis. One patient had ideopathic subglottic stenosis for which
no etiology could be identified.

All six cases of tracheal stenosis followed prolonged intubation
and tracheotomy for respiratory assistance, as did all five cases of
combined laryngeal and tracheal stenosis.

Florid bacterial infection associated with tracheotomy was
identified as a precipitating factor in four patients with combined
stenosis and one patient with subglottic stenosis.

One patient with combined stenosis and one with subglottic
stenosis were each found to have retained nonabsorbable suture
fragments from previous open surgeries present in the stenotic
area.

Forty-five patients had tracheotomies present at the time of in-
itial presentation: 4 with supraglottic stenosis, 3 with glottic
stenosis, 29 with subglottic stenosis, 5 with tracheal stenosis, and 4
patients with combined laryngeal and tracheal stenosis.

All patients underwent endoscopic examination and treatment
under inhalation general anesthesia provided via tracheostomy
tube, when present, venturi ventilation, or ventilating bron-
choscope, as necessary. Laryngeal exposure was provided by using
Jako-Pilling laryngoscopes suspended by the Boston University-
Pilling gallows or the Lewy suspension apparatus. Carbon dioxide
surgical lasers (25-50W) coupled to Zeiss operating microscopes
were employed to vaporize scar or granulation tissue, divide
fibrotic bands, or excise redundant supraglottic tissue, this being
sent for histologic examination.

Silastic stents were employed in 39 patients. One supraglottic
stenosis patient had a solid Silastic stent suspended by a single
transfixation wire for six weeks. A single sheet of reinforced
Silastic was secured between the vocal folds of two glottic stenosis
patients with webs (one anterior, the other posterior), suspended
by wire in the Kleinsasser method.'

Of the 31 cases of subglottic stenosis 27 (87.1 %) had soft Silastic
roll stents secured in the subglottic area by the Evans method,? re-
maining from 2 to 6 weeks. Similar type roll stents were used in
four cases of tracheal stenosis and four cases of combined
laryngeal and tracheal stenosis.

Dilatation was employed in four cases each of tracheal and
combined laryngeal and tracheal stenosis. No laryngeal stenosis
patients underwent dilatation.

For purposes of analysis, successful patients were defined as

those with good airway and voice and without tracheostomy, and
not requiring further endoscopic manipulation of their airway
either by laser excision or ablation, or by dilatation. Cases were
classified as failures of endoscopic management if open surgical
procedures were necessary, if continued tracheostomy was re-
quired for airway maintenance even with a good voice, or if
recurrent endoscopic procedures were necessary to maintain voice
or airway.

In successful cases, the numbers of endoscopic procedures re-
quired to produce the desired result were studied. All failures
were then analyzed to determine pre-existing or concurrent fac-
tors which seemed contributory to the failure.

RESULTS

Forty-one cases (68.3%) of laryngeal, tracheal,
or combined laryngeal and tracheal stenosis were
successfully managed by endoscopic techniques (ta-
ble). Nineteen cases (31.7% of the total) were clas-
sified as failures. Eleven laryngeal stenosis cases
(22.4%), 4 tracheal stenosis cases (66.7%) and 4
with combined stenoses (80 %) resulted in failure. A
total of 13 cases (21.7%) required open surgery: 6
laryngeal (12.2%), 3 tracheal (50%) and 4 com-
bined stenosis (80 % ). The remainder of the failures
maintained tracheostomies with good voices.

Supraglottic Stenosis. Of 6 patients with
supraglottic stenosis, 4 (66.7%) were managed en-
doscopically with success. The average number of
endoscopic procedures required for a successful
result was 1.25.

The two failures both had recurrent stenosis. One
died of metastatic cancer, probably from the
original supraglottic primary, but autopsy could
not be obtained to confirm this. The other patient
retained a tracheotomy with good voice. Both fail-
ures had reformation of cicatricial scarring in the
supraglottic area. Both had tracheostomies present
and one had five endoscopic procedures without
success. Both were adults. No infection was associ-
ated with their endoscopic or previous (supraglottic
laryngectomy) surgery. No stents had been em-
ployed in either failure.

Glottic Stenosis. Among 12 patients with glottic
stenosis 9 (75%) achieved a successful result. This
required an average of 1.66 endoscopic procedures.
Three of the 9 had glottic webs, 3 had fibrotic
bands between the vocal processes (postintubation),
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2 had cricoarytenoid ankylosis and 1 had had a pre-
vious vertical hemilaryngectomy.

Three cases (25%) were failures, 2 requiring
open surgery and 1 with good voice but maintaining
a plugged tracheostomy and not desiring decannu-
lation (but listed as a failure). Two of the failures
had posterior fibrotic webbing resulting from pro-
longed endotracheal intubation in one patient and a
traumatic intubation in the other. This webbing
reformed after removal reproducing arytenoid fixa-
tion. The third failure occurred in the patient with
arytenoid fixation following blunt trauma who un-
derwent unsuccessful arytenoidectomy, but re-
quired a subsequent open procedure. In contrast,
both patients with arytenoid fixation from rheu-
matoid arthritis and from idiopathic cause under-
went successful arytenoidectomies using the laser.
All three failures had tracheostomies as opposed to
none of the successful cases. None of the glottic
stenosis patients had a bacterial infection, scars that
were circumferential or wider than 1 cm in depth,
or history of cryosurgery. All failures were adults.
None of the failures had had a stent.

Subglottic Stenosis. Thirty-one patients pre-
sented with subglottic stenosis; of these, 25 (80.6 %)
were managed endoscopically with a successful re-
sult, requiring an average of 2.44 endoscopic proce-
dures. In 21 of these 25 cases (84 %), soft Silastic
stents were employed. Twenty of the successfully
managed cases of subglottic stenosis followed en-
dotracheal intubation (80.6%), while 2 had re-
sulted from blunt trauma and 2 from high trache-
otomy. One followed tracheotomy and median thy-
rotomy for a benign laryngeal lesion.

Six cases of subglottic stenosis (19.4%) were
failures to endoscopic management methods. Four
required open surgical procedures with successful
result. One continues with plugged tracheostomy
awaiting growth and one continues with function-
ing tracheostomy with a good voice.

Five of the 6 cases of failure (83.3%) had a
tracheostomy on initial presentation but 29 of the
total 31 cases of subglottic stenosis (93.5%) had
tracheostomies similarly present. Five of the six
cases of failure (83.3 %) had presented following en-
dotracheal intubation. Four of the cases (66.7%)
resulting in failure had circumferential cicatricial
scarring as opposed to 17 of the 31 total cases of
subglottic stenosis (54.8%) and 12 of 25 successful
cases (48 %). Subglottic stenosis wider than 1 cm in
vertical dimension was present in 3 cases of failure
(50%), 15 of the total cases (48.4%) and 13 (52%)
of the successfully managed cases. The incidence of
preceding infection could not be adequately assessed
to allow analysis. All cases resulting in failure had
employed a stent (100%) while 21 of the 31 total
cases of subglottic stenosis (71%) used stents. No
prior cryosurgery was recorded at presentation in
the 31 subglottic stenosis cases. No age relationship

was evident as 5 of the failures (83.3%) and 22 of
the successes (88 %) were below 6 years of age.

Tracheal Stenosis. Two of the six cases of tracheal
stenosis (33.3%) were successfully managed endo-
scopically. These two required an average of six en-
doscopic procedures to obtain a successful result.
Both successful patients developed tracheal stenosis
following intubation. One had undergone 4 previ-
ous operations elsewhere including tracheal resec-
tion of a 2 cm-wide stenotic ring with end-to-end
anastomosis and 3 dilatations and required 4 fur-
ther procedures: 2 laser excisions and 2 dilatations.
The other patient had previously undergone 5
dilatations performed elsewhere and required 1
laser excision and 2 dilatations for a successful
result. Neither case presented with tracheostomy
and no stents were used. Both had narrow shelf-like
noncircumferential stenosis.

Four of the six cases of tracheal stenosis (66.7 %)
resulted in failure. All 4 (100% of failures) had cir-
cumferential scarring wider than 1 cm, loss of
tracheal cartilage and tracheomalacia, and trache-
ostomy present. Three of the failures (75%) had
bacterial tracheal infection associated with
tracheotomy prior to presentation. Three of the 4
failures were less than 6 years of age, while both
successes were adults, and 3 of the total 6 (50%)
were less than 6 years of age. Cryosurgery had been
employed in one of the six total cases (16.7%) and
this was a failure (25 % of failures). Stents had been
employed in all cases resulting in failure. Three
failure patients were treated successfully with
tracheal resection and end-to-end anastomosis. The
other patient has a good voice with tracheostomy.

Combined Laryngeal and Tracheal Stenosis. On-
ly one of the five patients having combined stenosis
(20%) was treated successfully with endoscopic
methods. This 2-year-old patient developed multi-
ple fibrous bands in the larynx and proximal tra-
chea after being intubated for croup. The bands
were lysed with the laser and only one endoscopic
procedure was necessary.

The remaining four cases of combined stenosis
(80%) were failures. All had -circumferential
cicatricial scarring wider than 1 cm, significant loss
of cricoid and tracheal cartilage and had preceding
bacterial infections associated with their tracheos-
tomies. One patient had elsewhere undergone more
than 12 previous endoscopic surgeries including 6
cryosurgical applications. This patient was under
ten years of age and represents 20% of the total
number of combined stenosis patients and 25% of
the failures. All four failures had stents employed.

DISCUSSION

Endoscopic management of laryngeal stenosis at
all levels seems readily justified when the results are
analyzed. Of all laryngeal stenosis cases 77.6%
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were managed successfully, though 71.4% required
multiple endoscopic procedures. Successful endo-
scopic management was possible in all parts of the
larynx as shown by the success rates of 66.7% for
supraglottic stenosis, 75% for glottic stenosis, and
80.6% for subglottic stenosis. These results also sup-
port the use of the carbon dioxide laser as a surgical
instrument, as the laser was employed in all cases,
whether or not a successful result ensued.

It is clearly apparent that purely endoscopic tech-
niques are unsuccessful in most cases of severe tra-
cheal stenosis and combined laryngeal and tracheal
stenosis especially if the stenotic areas are wide, are
circumferential, or if they are accompanied by sig-
nificant loss of cartilage in the cricoid or trachea.
Successfully managed cases in tracheal or combined
stenosis showed more limited discrete lesions.
Therefore, open operations should be employed in
cases of extensive tracheal and combined stenosis.
Endoscopic methods, however, may be justified in
the initial management, if only to establish a lumen
which later may be of help at open operations.

A major cause of failure at all levels was the
reformation of the scar tissue following its excision.
Abundant scar tissue of over 1 cm of vertical dimen-
sion, and/or if circumferential, was present in all
failures at all levels except subglottic, where it was
in the majority. Of special note is the observation
that 2 cases of glottic stenosis involving fibrotic scar
tissue in the interarytenoid area of the posterior
commissure were failures to endoscopic manage-
ment. This type of glottic stenosis seems best con-
sidered from the beginning for open surgical correc-
tion.

It would seem obvious that excessive application
of laser energy should produce unnecessary necrosis
in nearby tissue with resultant undesired scar-tissue
formation. Such a factor in any failure proved dif-
ficult to analyze in this series as the cases resulting
in failure did not seem to receive greater amounts of
laser energy or longer periods of its application than
did similar cases managed successfully. Experience
with stenosis following widespread prolonged ap-
plication of the laser, however, demands prudent
caution. Extensive excision of severe subglottic
stenosis proved successful if performed with brief
(0.1 to 0.5 seconds), interrupted bursts of laser
energy.

Superficially, tracheostomy would seem to be as-
sociated with failure, as a tracheostomy was present
prior to endoscopic management attempts in all
cases resulting in failure. It must be remembered,
however, that tracheostomies existed in 75% of the
total group on initial presentation, and were always
necessary in the most severe cases of stenosis at any
level. Furthermore, 93.5% of subglottic stenosis pa-
tients had tracheostomies present initially, yet
80.6% were successfully managed by endoscopic
techniques alone, and 96% of the successful cases

had tracheostomies.

A more significant factor in failure, and one asso-
ciated with tracheostomy, is bacterial infection.
While infection had not occurred in supraglottic
and glottic stenosis cases, and could not be deter-
mined accurately in cases of subglottic stenosis, it
represents a major pre-existent or predisposing fac-
tor in tracheal and combined stenosis. At these lev-
els 87.5% of failures had sustained a severe bac-
terial infection of the trachea following tracheos-
tomy and prior to any endoscopic management by
our group. Such a history may predict the necessity
of open surgery for management of tracheal stenosis
alone or combined with other stenosis. The possibil-
ity of recurrent infection during endoscopic man-
agement with potential sequelae and failure may
urge the endoscopic surgeon to employ antibiotics.
Further data on patients in this series, now under-
going analysis, may support the use of prophylactic
antibiotics in the endoscopic management of steno-
sis.

Of failing cases, 73.3% had a history of intuba-
tion prior to the diagnosis of stenosis, compared
with 66.7 % of the total series. A similar history was
found in 72.5% of the cases managed endoscopical-
ly with success.

Soft Silastic stents were employed in all cases re-
sulting in failure in subglottic, tracheal, and com-
bined stenosis, but were associated with success in
all cases where used in the supraglottis or glottis.
Soft Silastic stents were used in 84 % of the suc-
cessful subglottic stenosis cases. As stents are ob-
viously of benefit, especially in severe stenosis, and
were so used, it appears that their use is not a factor
in failure. Rather, the use of stents is associated
with the most severe degrees of stenosis as it is here
that they are most helpful.

Patient age was not associated with failure for en-
doscopic methods in any type of stenosis. In fact, in
subglottic stenosis, 88 % of the successful patients
were less than 6 years of age, while 77.1% of all
subglottic stenosis patients were in this age group.
While three of the four failures in tracheal stenosis
were patients under 6 years of age, they also were
the patients with the most severe stenosis.

Cryosurgery had been previously employed else-
where in one patient each with tracheal and com-
bined stenosis who failed endoscopic management.
Its prior use cannot be specifically indicted, how-
ever, as the relationship of the cryosurgery and the
severe stenosis cannot be accurately determined. A
history of previous cryosurgical techniques in a pa-
tient with severe stenosis may warn of future dif-
ficulties for endoscopic management methods.

Dilatation was not required at any time in virtu-
ally any patient in this series. It did prove helpful,
however, in two patients with tracheal stenosis suc-
cessfully managed endoscopically.
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SUMMARY

Endoscopic management methods, including, as
required, CO, laser excision, soft Silastic stents, and
dilatations, are successful in most cases of laryngeal
stenosis at all levels and of all etiologies. Endoscopic
methods are successful only infrequently in major
stenosis involving the trachea, either alone or in
combination with laryngeal stenosis. To be man-
aged endoscopically with success, stenosis involving
the trachea must be limited in extent and without
significant associated loss of cartilage, circumferen-
tial cicatricial stenosis or scarring wider than 1 cm
in vertical width.

Major factors associated with failure of endoscop-

ic management of stenosis at all levels of the larynx
and trachea include preceding severe bacterial in-
fection associated with tracheostomy, circumferen-
tial cicatricial scarring, scar tissue wider than 1 cm
in vertical dimension and fibrotic scarring of the
posterior laryngeal inlet with arytenoid fixation.
Endoscopic management techniques should be con-
sidered with caution in the presence of a history of
cryosurgery in the prior treatment of airway
stenosis.

With consideration of these factors, the surgeon
may choose either to proceed directly to open
surgical methods, or to manage laryngeal and
tracheal stenosis endoscopically with the expecta-
tion of a high likelihood of success.
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Tumors of cartilage rarely occur in the larynx. Most laryngologists see no more than one of these tumors. Therefore, information
about the general knowledge, early diagnosis, and surgical treatment of these tumors accumulates slowly. In this paper we will discuss one
type of cartilaginous tumor: chondrosarcoma of the cricoid cartilage. We will review general diagnostic information about this tumor, pre-
sent a case report, and describe a method of conservative surgical excision.

INTRODUCTION

Cartilaginous tumors of the larynx occur as iso-
lated cases in the practice of laryngology. Travers
reported a case to the Medico-Chirurgical Society of
London in 1816."

Chondrosarcoma of the larynx is usually of low-
grade malignancy and does not respond to treat-
ment with irradiation and chemotherapy. Treat-
ment is limited to surgical excision. The exact
surgical procedure will vary from simple excision
for a neoplasm of limited size and low-grade ma-
lignancy to total laryngectomy for a tumor of exten-
sive size or high-grade malignancy.

Chondrosarcoma of the larynx is reviewed, with
diagnostic factors outlined; the surgical treatment
described; and a case reported. A conservative
method of surgical excision of a chondrosarcoma
arising in the cricoid region is described.

REVIEW

Incidence. The case reports of approximately 200
cartilaginous tumors of the larynx from 1816 to
1979 indicate 20% to be chondrosarcomas.? A
review of 58 cases of chondrosarcoma of the larynx
during a recent period of 80 years reveals an
average patient age of 58 years, and there were 43
males and 15 females.?

Clinical Findings. The symptoms of chondroma
of the larynx are those of any mass growing slowly
inside the lumen of the larynx: hoarseness, dyspnea,
and dysphagia. These symptoms are related to the
location and size of the tumor. A lesion of the
cricoid extending into the laryngeal lumen can
cause decreased air flow and vocal cord mobility.
Growth of a cricoid lesion posteriorly and laterally
into the hypopharynx can cause dysphagia.

Location of Tumor in Larynx. Laryngeal chon-
drosarcomas usually arise from hyaline cartilage
and show no evidence of elastic tissue. There is a
striking predilection for the tumor to form in the re-
gion of the cricoid cartilage. A review of chondro-
sarcoma of the larynx has been done at the Armed
Forces Institute of Pathology (AFIP).* This AFIP
series notes 16 cases from 1929 to 1969 and shows
that 11 (68%) of these tumors occurred in the
cricoid region.

Etiology. The etiology of chondrosarcoma is un-
known. Virchow wrote in 1863 that these tumors
originate from the connective tissue stroma of the
normal perichondrium, the body of the cartilagi-
nous tissue, or the cartilaginous cell nests which
serve as a matrix and then undergo ossification.® No
scientist has offered a better explanation for the
etiology of chondrosarcomas.

Clinical Diagnosis. The clinical diagnosis of
chondrosarcoma is made on the basis of the history,
physical examination, radiologic findings, and his-
topathologic findings. The patient presents with a
history of hoarseness, dyspnea or dysphagia. In-
direct laryngoscopy can reveal a smooth, rounded
mass below the true vocal cords. Soft tissue x-ray
films or xeroradiograms of the larynx can demon-
strate the tumor. Mottled calcification is seen
within the tumor in up to 75% of the soft tissue
x-ray studies.® Planigrams can outline the tumor,
but the CT scan can demonstrate the exact origin of
the tumor.

The definitive diagnosis is made in the operating
room with direct laryngoscopy and biopsy. Histo-
pathological criteria which indicate a chondrosar-
coma have been established by Lichtenstein and
Jaffe:” 1) irregularity in the size of the cells and
their nuclei; 2) increased numbers of cells; 3) hyper-
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Fig. 1. Section of tumor showing at top a large binucleated
cartilage cell which contributes to diagnosis of chondrosar-
coma (H & E x600).

chromatic nuclei; 4) giant cartilage cells with single
or multiple nuclei. These giant cartilage cells may
be binucleated (Fig. 1).

Surgical Treatment. In most cases with signifi-
cant airway obstruction a tracheotomy secures the
airway and allows a direct laryngoscopy and biopsy
to be done to establish the diagnosis. After the
diagnosis is made, the grade of malignancy must be
determined.

Since recurrences occur late and metastases are
rare, surgical treatment should be as conservative as
possible. Total laryngectomy may be required for a
high-grade malignant tumor, a recurrent tumor, or
a tumor which cannot be totally removed by a con-
servative surgical procedure. Adequate excision re-
quires removal of the tumor with a margin of nor-
mal tissue. This can usually be done conservatively
with a laryngofissure, thyrotomy, or partial laryn-
gectomy. If adequate excision of the tumor requires
removal of more than one half of the cricoid car-
tilage, a laryngectomy must be performed to avoid
debilitating laryngeal and tracheal stenosis. In
older patients the surgeon can sometimes remove
the tumor with a curette and leave an adequate sup-
port of cricoid cartilage — the technique that was
used in the case report following.

Since nodal metastases to the neck are rare, elec-
tive neck dissections are not indicated.

Although the tumor often recurs after conserva-
tive surgical treatment, most surgeons prefer laryn-
gofissure exposure and total local excision, since the
tumors recur many years later, grow slowly, and
permit treatment by additional conservative surgi-
cal procedures.

CASE REPORT

A 67-year-old white female was referred to the
University of Alabama in Birmingham Medical
Center for definitive treatment. She had already
been evaluated for periods of episodic shortness of

breath. These episodes occurred at any time and
had increased in frequency over the past year. A
previous bronchoscopy revealed a subglottic mass.
Her dyspnea increased and an emergency tracheot-
omy was performed on June 22, 1981, prior to
transfer to the University of Alabama in Birming-
ham Medical Center for definitive treatment. At
the time of the tracheotomy a biopsy was per-
formed, and slides of the tissue were sent to the
Armed Forces Institute of Pathology. The histo-
pathological report by the AFIP revealed chondro-
sarcoma. Our pathology department confirmed this
tissue diagnosis.

The patient’s past history revealed that a surgeon
performed a partial thyroidectomy in 1948, 31
years previously. An internist had ordered thyroid
scans yearly for the previous five years.

Physical examination revealed an alert and coop-
erative female. The examination of the larynx re-
vealed good true vocal cord movement. There was a
large mass in the right subglottic region which com-
pletely filled the subglottic area except for a 1- to
2-mm space on the left side. The neck was supple,
and the tracheostomy tube was in place. There was
a 6-cm x 3-cm x 3-cm mass in the right thyroid lobe
region. Admission laboratory studies revealed a
normal hemogram, urinalysis, EKG and chest x-ray
film. The electrolytes were normal. The GTT and
alkaline phosphatase were slightly elevated.

A thyroid scan indicated an enlarged thyroid
gland with increased uptake activity in the right up-
per lobe, consistent with multinodular goiter. The
CT scan of the neck showed the large thyroid mass
in the right neck and the smaller laryngeal mass in
the lumen of the larynx and trachea. The laryngeal
mass was attached to the right posterior lateral wall
of the cricoid cartilage.

After completing the preoperative evaluation,
the patient was taken to the operating room where
laryngeal surgery was performed. The patient was
given endotracheal anesthesia through the trache-
otomy opening. The anatomic landmarks of the
neck were identified. A skin mark was made with a
marking pen for the horizontal skin incision over
the midregion of the thyroid cartilage. The vertical
limb of the incision was made through the previous
vertical tracheotomy scar. After elevation of the
skin flap, dissection was carried out to expose the
thyroid cartilages. An incision was made through
the midline and the superior margins of the peri-
chondrium of the thyroid cartilages. Lateral exten-
sions of the incisions on the superior margin were
made to points medial to the superior laryngeal
nerves and vessels.

The perichondrium was elevated on each side of
all incisions. The larynx was transected in the
midline of the thyroid cartrilages with scissors for a
laryngofissure incisional approach. The lumen of
the cricoid region was viewed by retracting each
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side of the thyroid cartilage with a skin hook. This
maneuver exposed the site of attachment of the
mass (Fig. 2A). The exact location of the attach-
ment was determined by palpation with a small
curette. The mucous membrane was incised so that
there was a wide margin of normal mucous mem-
brane around the mass. The mass was removed by
curettage at its origin from the cricoid cartilage
(Fig. 2B). The mass had a distinct difference in
tissue density relative to normal cricoid cartilage.
This tissue density could be appreciated during
curettage and allowed complete excision of the
tumor without taking an excessive amount of nor-
mal cricoid cartilage. The cricoid ring was not cut
through and the integrity of the laryngeal airway
was maintained.

The wound was irrigated with saline. The mu-
cous membrane was cut so it would lie in the defect
without tension. At this time the patient appeared
to have a very satisfactory operative result.

The perichondrium was closed with 4-0 chromic
catgut. A rubber drain was inserted. The muscles
were approximated with 3-0 Vicryl sutures. Skin
closure was performed with 5-0 nylon vertical mat-
tress interrupted sutures. After the patient was
breathing spontaneously, the Anode tube was re-
moved and a No. 6 cuffed Shiley tracheostomy tube
was inserted. The patient was awakened and taken
to the recovery room in good condition.

The patient’s postoperative course was uncom-
plicated. She was discharged on the third postop-
erative day to be followed by her referring phys-

Fig. 2. Drawing showing
A) subglottic mass and B)
curette placed in raw sur-
face after removal of tu-
mor.

ician. He decannulated her four weeks after her
surgical procedure. It has been over nine months
since excision of her tumor and there is no evidence
of recurrence.

SUMMARY

The incidence, clinical findings, location,
etiology, clinical diagnosis, and surgical treatment
of chondrosarcoma of the larynx are discussed. Im-
portant features in the diagnosis and treatment of a
chondrosarcomatous tumor of the larynx are dem-
onstrated in a case report.

The patient’s chief complaint was episodic short-
ness of breath occurring with increasing frequency
over a period of 12 months. Her dyspnea progressed
in severity until an emergency tracheotomy was re-
quired for airway control.

CT scan documented the attachment of the tu-
mor to the right posterior lateral wall of the cricoid
cartilage. Direct laryngoscopy and biopsy were
done to obtain tissue for diagnosis. The histo-
pathological examination revealed low-grade chon-
drosarcoma.

The tumor was removed totally with a wide-mar-
gin mucous membrane incision and careful curette-
ment. A definite difference in the consistency of the
tumor compared to normal cartilage allowed com-
plete excision of the tumor with minimal sacrifice of
healthy cricoid cartilage. This presentation empha-
sizes the conservative surgical removal of these tu-
mors and notes how a curette can be used for this re-
moval.
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Chondrosarcoma of the larynx is an uncommon, slow-growing malignant tumor of the larynx which tends to metastasize late. This
paper adds to the literature a case which was followed for 18 years. During the first three years is was thought to be a benign chondroma.
Conservative management by limiting surgical resection, at the patient’s direction, allowed observation of the disease for this unusual
length of time. Massive enlargement finally necessitated laryngectomy. The lesion, though unquestionably malignant, had not infiltrated
adjacent neck structures and appears to have been totally excised, with the patient now being free of disease six months after surgery. This

supports the view of conservative surgical management.

INTRODUCTION

Only approximately 200 cases of cartilaginous
tumors of the larynx have been reported in the
medical literature since 1822. Of these, approx-
imately 20% have been malignant. In Cantrell et
al’s review,! 78% of the tumors arose from the
cricoid, usually in the posterior or posterolateral
areas. Another 15% arose from the thyroid car-
tilage. Males outnumbered females approximately 3
to 1. The ages of patients ranged from 33 to 91 years
with the average being 58 years. No cases of docu-
mented chondroma transforming to malignant tu-
mor have been reported, though one case was sus-
pected.? In Ollier’s disease, a familial syndrome
characterized by multiple chondromatoses, approx-
imately 10% of the cartilaginous tumors may be
malignant.

CASE REPORT

In August 1981, a 72-year-old female with a
tracheotomy was referred because of a large neck
mass and purulent drainage (Fig. 1A). The history
revealed that in 1963, at age 54, she had been
evaluated by an otolaryngologist because of pro-
gressive dyspnea, hoarseness, and a slowly enlarg-
ing neck mass. A subglottic mass was noted and a
biopsy indicated chondroma. In August 1966, pro-
gressive airway obstruction necessitated a tracheot-
omy. Biopsy again confirmed diagnosis of chon-
droma. She refused surgery at this time, electing to
wear a tracheotomy tube for the next 12 years.

In 1978, she sought medical attention for pro-
gressive dysphagia and enlargement of the neck
mass (Fig. 1B). In February 1979, she underwent a
laryngofissure and partial excision of the mass.
Pathologic diagnosis was chondrosarcoma. She re-

fused definitive surgery but she changed her mind
after noting drainage of purulent material from the
large neck mass. In September 1981 a wide field
laryngectomy was performed which appeared to
completely excise all tumor. Healing was unevent-
ful. The patient is now six months postsurgical
treatment and is without evidence of disease (Fig. 1
€

HISTOPATHOLOGY

Gross and Microscopic. The surgical specimen
measured 12.5 x 9 x 8.5 cm. The cephalic aspect
contained the epiglottis and the lower pharyngeal
mucosa stretched over the submucosal tumor (Fig. 2
A, B). The caudal aspect of the specimen included
the upper trachea, tracheostomy wound and sur-
rounding skin. The anterior aspect of the specimen
included portions of the thyroid gland and lymph
nodes. The mass was unyielding to firm compres-
sion and a band saw was necessary to section the
tumor. Contained within soft tissue was a roughly
spherical mass having a rim of calcified tissue. The
vast majority of the tumor was composed of semi-
translucent, friable and focally mucoid material.
Approximately midway into the specimen, a sinus
tract was found, which extended from a 2-cm
abscess cavity to the pinpoint lumen of the trachea
(Fig. 2C). The latter was displaced laterally to the
extreme left portion of the mass. At no point could
tumor be found at a surgical margin. All lymph
nodes and the thyroid were negative.

Microscopically, the tumor was a well-differenti-
ated chondrosarcoma with areas of myxoid chon-
drosarcoma (Fig. 3A,B). Endochondral bone for-
mation accounted for the incomplete bony rim. No
areas of anaplastic tumor were identified. Some
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Fig. 1. A) Patient, 72-year-old female, with firm chondrosarcoma measuring approximately 15 x 18 cm, fixed to deep structures. B)
Mass distorts neck contours, necessitating tracheotomy and causing progressive dysphagia. C) Six months postlaryngectomy, patient

appears to be free of disease, and is being rehabilitated.

areas were very well-differentiated and adequate
sampling was necessary to identify the various
histologic pictures.

Only material from the 1979 excision was avail-
able for review. The tumor appeared no more ag-
gressive in 1981 than in 1979.

DISCUSSION

The classic presentation of chondrosarcoma or of
chondroma of the larynx includes hoarseness and
dyspnea due to gradual expansion of the intra-
luminal tumor or dysphagia if the expansion ex-
tends toward the hypopharynx. A visible palpable
mass will be present if the thyroid cartilage is in-
volved.

At laryngoscopy, a smooth bulging contour is
noted in the subglottic region. The mucosa overly-
ing the mass is usually intact. Vocal cord motion
may be limited if the mass encroaches. The firm
nature of the mass makes the obtaining of an ade-
quate biopsy specimen difficult.

Radiographic signs® include the location in the
subglottis, often the posterior wall, of a mass which
has a smooth surface but contains coarse, irregular
scattered calcification; this does not provide a true
distinction between benign and malignant masses.

Differential Diagnosis. Differential diagnosis
should include the other primary lesions: neurile-
moma, cylindroma, rhabdomyosarcoma, fibrosar-
coma, calcified carotid artery, calcified thyroid
adenoma, cysts, granular cell myoblastoma, amy-
loidosis, and tracheopathia osteoplastica. Metastat-
ic lesions to the larynx are rare but prostatic and
other primaries have been reported.

COMMENT

The slow growth of the lesion in the early years of
this case seem to contrast with the more rapid ex-
pansion in the last several years. This apparent in-
crease in rate of enlargement in its later states may
be merely a function of its doubling time, a factor
which can remain constant. To illustrate the ex-
ponential increase of this effect, if this page were

Fig. 2. A) Surgical specimen seen from above. Epiglottis and right arytenoid are seen in center. Mucosa covering right pyriform
sinus is displaced by submucosal tumor, obliterating the sinus. B) Laryngectomy specimen viewed posteriorly. Chondrosarcoma
mass and larynx measured 12.5 x 9 x 8.5 cm. C) Gross photograph of midsection of specimen, showing abscess cavity at right, with
linear sinus tract to pinpoint trachea on the left.
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Fig. 3. A) Well-differentiated and myxoid chondrosarcoma, with areas of mature bone formation at periphery (H & E, x40). B)
Well-differentiated chondrosarcoma, showin§ little myxoid change (H & E, x100). C) Pinpoint lumen of trachea, showing sub-

mucosal chronic inflammation at bottom an

torn in half and the two pieces of paper stacked and
torn in half again and stacked and this were re-
peated for a total of 50 times, the stack of paper
would reach far beyond the moon.

The apparent change in histologic pattern may
represent a low-grade, well-differentiated chondro-
sarcoma with some areas closely resembling chon-
droma.

Management. The widely accepted rationale for
treatment of cartilaginous tumor of the larynx by
limited surgical resection'*° would appear to be
supported by this case. Even though the initial
surgical efforts were not successful in controlling
the disease, the patient, by her strong rejection of
greater surgical efforts, afforded an opportunity to
see unaltered progression of the malignant disease.
The eventual salvage of the patient in spite of the

compressing chondrosarcoma at top (H & E, x 100).

massive size of the lesion was possible because of its
tendency to remain within the limits of the peri-
chondrium of the larynx. No extension into adjacent
tissues or structures was noted. Distant metastasis is
an infrequent problem in the laryngeal chondrosar-
coma cases studied, but is always a remote possibili-

by

Conclusion. A case of chondrosarcoma of the
larynx is reported in which the patient refused
laryngectomy and survived 18 years before consent-
ing to surgical extirpation. In spite of its long dura-
tion and massive size, the tumor appeared to be
limited to the anatomical confines of the larynx at
the time of wide field laryngectomy. She appears to
be free of disease at this time, six months post-
laryngectomy. Management by conservative exci-
sion of small lesions with laryngectomy reserved for
large recurrent tumor is supported.
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EXTENDED TRANSANTRAL APPROACH
TO PTERYGOMAXILLARY TUMORS
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A review of 14 patients treated between 1975 and 1979 is reported. The lesions were quite extensive in most of the patients, having ex-
tended beyond the nasopharynx in all but one. An extended transantral approach was utilized in nine of the patients to facilitate removal of
lateral and superior extensions of tumor. Two of the patients (14 %) developed recurrent tumor, one six months and one nine months
following treatment. The extended transantral approach appears to be an effective method of approaching the pterygomaxillary extension

of the tumor.

INTRODUCTION

The nasopharyngeal angiofibroma is an uncom-
mon, highly vascular tumor which has a predilec-
tion for the nasopharynx of adolescent boys. Though
only occasionally invasive, the tumor tends to spread
anteriorly into the nasal cavity and ethmoid cells,
and laterally through the sphenopalatine foramen
and into the pterygomaxillary space (Fig. 1). From
there the tumor may extend superiorly through the
inferior orbital fissure, across the orbital apex, and
through the superior orbital fissure into the middle
cranial fossa (Fig. 2). Because of the predilection to
lateral extension, preoperative evaluation with ar-
teriography should always be done.

Many surgical approaches to these tumors have
been advocated, including a vertical split of the soft
palate, an anterior fishmouth approach through the
palate, a transethmoid approach, a lateral rhinot-
omy and blunt dissection of the retromaxillary
space. Selection of a preferred approach depends
upon the extent of the tumor and the individual sur-
geon’s experience and preference. Frequently more
than one approach should be combined to offer op-
timum exposure.

When there is extensive involvement of the ptery-
gomaxillary space, a transantral approach alone or
in conjunction with other approaches offers access
to the laterally extending tumor, to the internal
maxillary artery for the purpose of ligation, and al-
lows gentle dissection of tumor extending through
the inferior orbital fissure. The technique employed
and the results when utilized in a series of patients
will be presented.

METHOD

An extended sublabial incision is made from the midline, lat-
erally to the maxillary tuberosity, and carried down through the
periosteum of the maxilla. The periosteum is elevated up to the in-
fraorbital foramen and the face of the maxilla is widely excised us-

ing a Kerrison rongeur. The posterior wall of the sinus is then
widely excised, allowing access to the pterygomaxillary portion of
the tumor. Whenever possible, the internal maxillary artery
should be ligated before beginning the tumor removal. By remov-
ing the medial wall of the sinus, the surgeon achieves access to
the nose and nasopharynx (Fig. 3). When the tumor extends into
the ethmoid cells, they may be opened from the antrum, and the
tumor carefully dissected. When the tumor extends further lat-
erally, the lateral wall of the sinus may be removed to improve ex-
posure (Fig. 4). Finally, this approach allows excellent access to
the inferior orbital fissure (Fig. 3) to allow gentle dissection of the
tumor extending upward through the fissure.

The transantral approach may be combined with a transpalatal
or external ethmoidectomy approach when tumor extension dic-
tates. We prefer the fishmouth incision for the transpalatal ap-
proach, extending the incision behind the maxillary tuberosity on
the side of greatest extension. The nasal mucoperiosteum is incised
and sufficient bone is removed from the posterior edge of the hard
palate to provide adequate access to the nasopharynx. An incision
is then made through mucoperiosteum of the nasopharynx cir-
cumferentially around the tumor base. Using a periosteal ele-
vator, dissection is carried all around the large feeding vessels
which enter the pedicle at the base of the tumor. The vessels are
then transected and the nasopharynx is packed for 5-7 days. Care
must be taken to completely remove all tumor extensions.

RESULTS

Fourteen patients with nasopharyngeal angiofi-
broma who were treated at the University of Mich-
igan between 1975 and 1979 were evaluated. A
summary of their treatment and outcome is listed in
the table. The age at onset ranged from 13 to 25,
with the median being 15. Epistaxis and nasal ob-
struction were the most common symptoms noted at
presentation, being present in all but one case. Four
patients had been treated prior to undergoing surgi-
cal excision at the University of Michigan, including
two who had received irradiation for extensive in-
tracranial tumor. Arteriograms were performed in
all patients preoperatively. In addition, computer-
ized tomography (CT) scans were obtained in four
patients. The extent of the tumor in each case is
summarized in the table. All but two patients had
lateral involvement of the pterygomaxillary space,
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Fig. 1. Tumor extending through sphenopalatine foramen
into pterygomaxillary space. Arrow indicates tumor
crowding orbital apex.

and in five cases the tumor had extended intra-
cranially as well. The extended transantral ap-
proach was utilized in 9 of the 14 patients, being
combined with a transethmoid or transpalatal ap-
proach in 4 of them.

Five of the patients were found to have intra-
cranial extension of their tumor; in 1 a craniotomy
was performed to remove tumor, and 2 were suc-
cessfully treated with radiation therapy. In the
other two patients, the small amount of intracranial
tumor was pulled downward through the inferior
orbital fissure. Two of the patients developed recur-
rent tumor after treatment at the University of
Michigan, one at nine months and one at six
months. Both of these patients had been previously
treated elsewhere, and had developed recurrent tu-
mor prior to treatment at our institution. The re-
maining patients have been followed 18-60 months
with no evidence of recurrence.

DISCUSSION

Angiofibromas appear to arise from fibrovascular

Fig. 2. Tumor extending through superior orbital fissure
into middle cranial fossa.

Fig. 3. Medial wall removed to provide access to nasophar-
ynx and nasal cavity. Arrow indicates tumor extending up-
ward through inferior orbital fissure.

stroma present in the nasopharynx,' most common-
ly from a broad base in the posterosuperior wall.
The tumor, which consists of varying ratios of fi-
brous stroma and thin-walled vascular spaces, grad-
ually enlarges and spreads, picking up blood supply
as it goes.

The tumor tends to fill the nasopharynx and pos-
terior choanae, then extends into the maxillary or
ethmoid sinuses. Laterally it tends to extend
through the sphenopalatine foramen into the ptery-
gomaxillary space. From there the tumor extends
upward through the inferior orbital fissure, and
thence through the superior orbital fissure intra-
cranially. Alternatively or additionally, the tumor
may extend superiorly from the nasopharynx through
the sphenoid sinus and into the sella turcica.?

Nasopharyngeal angiofibromas are nearly always
found in males, with the onset of symptoms most
commonly found during adolescence. More than a
century ago, Gosselin suggested that angiofibromas
spontaneously regress after adolescence.? It is of in-
terest that one of our patients was more than 25
years of age when he began having symptoms, and

Fig. 4. Lateral wall of antrum has been removed along
with posterior wall to provide access to lateral extension.



TRANSANTRAL APPROACH TO PTERYGOMAXILLARY TUMORS
REVIEW OF PATIENTS TREATED FOR NASOPHARYNGEAL ANGIOFIBROMA
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Duration of

Pt. Ageat Symptoms Extent of Present Follow-up
No. Onset  Symptoms (Mo) Tumor Procedure EBL Condition (Mo) Comment
1 13 Epistaxis 12 Nasophar. Transpalatal 500 NED 52
2 13 Epistaxis 12 Nasophar. Transantral 1600 Recur 9 Had surgical exci-
Nasal obs. P-M space sion prior to U of M
Orbit Tx
3 16 Nasal obs. 12-15  Nasophar. Transantral 1100 NED 18
P-M space
Orbit
Intracran.
4 13 Epistaxis 3 Nasophar. Transantral 500 NED 20
Nasal obs. P-M space

5 14 Epistaxis 4 Nasophar. Transpalatal 250 Recur 6 2 previous surgical
procedures

6 25 Nasal obs. 18 Nasophar. Transpalatal 3000 NED 48

P-M space Transethmoid
Ethmoid
7 18 Headache; 4 Nasophar. Transantral 7100 NED 24
proptosis P-M space
Orbit
Intracran.
8 21 Nasal obs. 24 Nasophar. Transantral 2000 NED 23
P-M space Craniotomy
Orbit
Intracran.

9 25 Nasal obs. 60 Nasophar. Transantral 1100 NED 24 Radiation therapy
for intracranial
tumor

10 15 Nasal obs. 12 Nasophar. Transantral 6000 NED 60 Treated with ir-
P-M space Transethmoid radiation 1 yr ear-
lier
11 14 Epistaxis 12 Nasophar. Transantral — NED 24
Nasal obs. P-M space Transpalatal
12 1:3 Nasal obs. 24 Nasophar. Lat rhinotomy 1100 NED 24
Mass R cheek P-M space Blunt dissec-
tion of P-M
space
13 18 Epistaxis 1 Nasophar. Transethmoid 600 NED Lost to f/u
Nasal obs. Ethmid
14 14 Nasal obs. 10 Nasophar. Transantral - NED 84
P-M space Transpalatal

EBL - Estimated blood loss; Nasal Obs. - Nasal obstruction; P-M - Pterygomaxillary space.

one other developed a recurrence of his tumor at 25
years of age, experiencing progressive nasal obstruc-
tion and epistaxis.

Most of these tumors were found to be quite ex-
tensive at the time of presentation here. The im-
portance of including arteriography preoperatively
to determine the extent of disease is illustrated by
the fact that all but one of our patients were found
to have extension of tumor beyond the nasophar-
ynx, with lateral extension into the pterygomaxil-
lary space in 12 of the 14 patients, and with tumor
extending upward through the inferior orbital fis-
sure in 4. In each of the latter patients it was possi-
ble to gently dissect the tumor downward out of the
orbit.

Controversey exists regarding the use of hormone
therapy preoperatively in an attempt to cause “ma-
turation” of the angiofibroma. Martin et al* ad-
vocated testosterone, whereas Walike and MacKay®
as well as Schiff® have reported beneficial effects

from estrogen therapy. Only five of the patients in
our study received estrogen therapy preoperatively,
with no significant change in the size of the lesion
noted.

Many different surgical approaches to nasopha-
ryngeal angiofibromas have been advocated, rang-
ing from a simple midline palatal split to craniot-
omy. The selection of an appropriate surgical ap-
proach is based primarily upon how extensive the
tumor is, and which structures and spaces are in-
volved. The extended transantral approach is pri-
marily of benefit when there is extensive tumor in
the pterygomaxillary space or evidence of extension
upward through the inferior orbital fissure. The
ability to safely dissect tumor from the orbit and
even intracranially is primarily dependent upon
having a limited amount of tumor to remove and
the absence of feeding vessels of significant size
located in these sites.

Only two of our patients (14%) developed a
recurrence of their tumor; in both instances they
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had been treated earlier and had recurred prior to
referral to this institution for treatment. These
recurrences occurred nine and six months following

completion of treatment here. This incidence of re-
currence is somewhat lower than that of approx-
imately 50 % cited in many series.>’

REFERENCES

1. Patterson CN. Juvenile nasopharyngeal angiofibroma.
Otolaryngol Clin North Am 1973; 6:839-61.

2. Batsakis JF. Tumors of the head and neck. 2nd ed. Balti-
more: Williams & Wilkins Inc, 1979.

3. Gosselin P. Clinique chirugicale de 'Hopital de la Charite.
2nd ed. Paris: JB Bailliere et Fils, 1876.

4. Martin H, Ehrlich HE, Abels JD. Juvenile nasopharyngeal
angiofibroma. Ann Surg 1948; 127:513-36.

5. Walike JW, MacKay B. Nasopharyngeal angiofibroma
light and electron microscopic changes after stilbesterol therapy.
Laryngoscope 1970; 80:1109-21. :

6. Schiff M. Juvenile nasopharyngeal angiofibroma. Laryn-
goscope 1959; 69:981-1016.

7. Smith MFW, Boles R, Work W. Cryosurgical technique in
removal of angiofibroma. Laryngoscope 1964; 74:1071.



PRIMARY MANAGEMENT OF LARYNGEAL TRAUMA

STEVEN D. SCHAEFER, MD

DALLAS, TEXAS

The management of 87 laryngeal trauma patients over the past 17 years is reported. During the last four years, 35 of these patients
were prospectively studied by the author after drawing upon the treatment policies of the earlier experience. The results of this study
demonstrate a successful program to preserve or restore the phonatory and airway function of the acutely injured larynx.

Laryngeal trauma threatens both the quality and
preservation of life. Essential to the preservation of
the phonatory and airway sphincter functions of the
larynx is restoration of the skeletal framework and
epithelium of this organ.! Various opinions exist
regarding the extent of clinical evaluation and the
indications, timing and form of surgical manage-
ment.'"* With the exception of a few articles, most
published reports are limited by the number of
available patients to retrospective reviews of pa-
tients treated by several surgeons within a multiple-
hospital institutional setting.**

Paralleling the experience of Harris and others
over the past 17 years, the faculty of the University
of Texas Health Science Center at Dallas adopted
an aggressive and immediate management protocol
for laryngeal trauma. A prior publication by the
author reviewing results from the past 13 years per-
mitted the identification of four treatment groups.®
Utilizing the policies derived from this earlier work,
a prospective study was begun four years ago to fur-
ther clarify laryngeal injuries which might benefit
from operative intervention and to test the rationale
for various surgical procedures.

The purpose of this paper is to report a primary
or immediate management protocol for blunt and
penetrating trauma to the larynx that has yielded
both predictable and successful results.

MATERIALS

Between 1965 and 1978, 52 laryngeal trauma patients were
evaluated after treatment by the faculty of the University of Texas
Health Science Center at Dallas Affiliated Hospitals (Parkland
Memorial Hospital, Veterans Administration Medical Center,
Presbyterian Hospital, and John Peter Smith Hospital). This
retrospective report consisted of chart review and examination of
available patients from one month to nine years after injury. After
January 1978, 35 patients were prospectively managed by the
author, primarily at Parkland Memorial Hospital (Table 1).
Records were kept by the author beginning at the time of injury,
and this information was supplemented by chart review. Follow-
up in this population ranged from months to two years.

With the exception of two patients, diagnosis and treatment

was performed within 24 hours after injury. Patients initially
managed at other institutions or in whom a laryngeal injury was
not immediately recognized have been excluded from this paper
(one patient in the originally reported retrospective population
has been eliminated for this reason).® This form of selection is in-
tentional since the theme of the paper is the early management of
acute laryngeal injuries, rather than secondary management of
the late sequellae of laryngeal trauma.

MANAGEMENT

The diagnosis of laryngeal trauma was based on the history and
physical examination (Table 2)." Emergent measures included
preservation of the airway, cardiac resuscitation, control of
hemorrhage, and stabilization of neural and spinal injuries, fol-
lowed by a systemic search for other organ system trauma. The
unstable airway was managed by tracheotomy, rather than endo-
tracheal intubation. In the patient with a nondeteriorating air-
way, indirect laryngoscopy was considered an important part of
the diagnostic evaluation.

Throughout the 17 years encompassed by this paper, lateral
soft tissue x-ray examination of the neck was routinely performed,
along with radiographic examination of the cervical spine. In the
past two years, computerized tomographic scanning (CT) was
selectively employed to identify patients who would benefit from
surgery. Management in both the prospective and retrospective
populations was divided into four groups.

Group 1. Findings included minor endolaryngeal hematomas
or lacerations, and absence of a detectable laryngeal fracture.
Computerized tomographic scanning was performed to confirm
the clinical impression of the injury. Management consisted of
close observation, head-of-bed elevation, and humidification of
inspired air. :

Group 2. Findings included edema, hematoma or minor
mucosal disruption without exposed cartilage. Management con-
sisted of tracheotomy, direct laryngoscopy and esophagoscopy. As
was true of group 1, no further operative intervention was at-
tempted because the potential for spontaneous resolution of the
injured site was felt to be superior to surgery. Utilization of the
CT scanner permitted examination of fracture sites. In the pro-
spective group, nondisplaced fractures accompanied by hema-
toma or minor laceration and requiring tracheotomy were spared
open exploration. Prior to CT application, such injuries might
have undergone thyrotomy if the mucosal edema was massive
enough to preclude an optimal direct endoscopic examination.

Groups 3 and 4. Findings included massive edema, mucosal
tears, exposed cartilage and cord immobility. Following tracheot-
omy and endoscopy, the larynx was explored either through a
midline thyrotomy or a laryngofissure in the case of a paramedian
fracture. Computerized tomographic scanning was omitted
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TABLE 1. TREATMENT GROUPS (N =87)

Retrospective Prospective
Group 1965-1977 1978-1982 Total
1 7 1A 14
2 5 17 22
3 14 4 18
4 267 7 33

87

*Excludes one patient in a previous report.

because these injuries were so significant that it was obvious that
further surgery was needed. All mucosal injuries were carefully
identified and approximated using 5-0 or 6-0 absorbable suture.
The anterior free margin of each true vocal cord was sutured to
the cartilage or external thyroid perichondrium at the thyrotomy
site to reconstitute the anterior commissure. Particularly in the
prospective group, this technique permitted one to avoid stenting
if a mucosa-covered anterior commissure could be established.
When the anterior half of the larynx (true and/or false vocal
cords) were disrupted or the skeleton was likely to remain un-
stable, a lumen-keeping stent was employed. In group 4 patients,
stability and mucosal injuries usually were of similarly severe
magnitudes, with two or more fracture sites often accompanied
by massive trauma to the laryngeal lining.

In the retrospective population, stenting was performed using
either commercially available stents, a finger of a surgical glove
filled with sponge rubber or a Portex endotracheal tube stent.’’
After 1975, the Portex stent was used exclusively. These “lumen
keepers” were fixated with 2-0 Prolene suture passed externally
through laryngeal ventricle and cricothyroid membrane. Further
sutures were placed from the inferior stent to the chest skin via the
tracheotomy and from the superior stent to the nose, to permit
recovery of the stent if the fixation sutures failed. Prior to 1975,
wire was used to fix these stents and was thereafter abandoned in
three patients due to breakage. At no time during the entire 17
years covered by the study were skin or mucous membrane grafts
utilized. Cartilage was repaired with either wire or nonabsorb-
able suture, with the latter method most often used in the pro-
spective group. Removal or debridement of the laryngeal skeleton
was limited to fragments which were totally avulsed from their
perichondral blood supply. In both study populations, stents were
removed by endoscopy under general anesthesia at four weeks.

RESULTS

The mechanism of injury for the prospective
group is given in Table 2. The results by manage-
ment group for both the retrospectively and pro-
spectively treated patients are summarized in Table
3. Success was measured by the quality of the voice
and airway. A good voice was one that was close to
normal or comparable to the patient’s preinjury
voice. Moderate to marked hoarseness was de-
scribed as a fair voice, and phonation just above a
whisper was classified as poor. Airway quality was
judged good if the patient denied restriction; fair
with mild to moderate restriction; and poor if per-
manent tracheotomy was necessary.*

In groups 1 and 2 all 36 patients (12 retrospective
and 24 prospective) obtained a good voice and air-
way. Within group 1, four patients were managed
by observation only because CT examination
showed nondisplaced fractures and hematomas
which were likely to spontaneously resolve (Fig. 1).
The CT scanner also proved useful in group 2 pa-
tients. In particular, one patient underwent an
emergency tracheotomy in the emergency room.
Computerized tomographic scanning revealed an
intact laryngeal skeleton and massive edema was
identified at direct laryngoscopy. Without CT ex-
amination and with edema that precluded adequate
endolaryngeal assessment, open exploration would
have been the next step in the care of this patient.
Instead, further surgery was avoided and the pa-
tient was decannulated at five days with a good air-
way and voice. Nine prospectively managed pa-
tients in group 2 underwent concurrent open neck
exploration without thyrotomy for vascular and
pharyngeal injuries. Two of these patients had
minor fracture dislocations which were repaired
without entering the larynx.

Ten of the 18 group 3 patients were available for
follow-up, ranging from one month to five years.
One patient (prospective group) died from sepsis
nine days after injury, following disruption of C-4
vertebrae, quadriplegia and CSF fistula secondary
to a gunshot wound. With the exception of the one
death, all patients were decannulated without com-
plication within 14 to 35 days. Airway results were
good in all patients, with nine having a good voice
without further surgery. Another patient (retro-
spective group) suffered a thyroid-cricoid fracture
and was explored at 48 hours. This patient devel-
oped a good airway and a fair voice. Six months
after injury, one patient (prospective group) under-
went left true vocal cord Teflon injection for recur-
rent laryngeal nerve paralysis. Following this pro-
cedure the patient achieved a good voice.

Thirty-three group 4 patients (26 retrospective
and 7 prospective) were treated, and followed from
two months to nine years postinjury. In this group,
one patient died three days following injury from
transection of the spinal cord and cerebral anoxia
following carotid artery disruption from a missile
wound. Another patient was assaulted and died
three days after removal of the Portex stent. Stents
consisted of soft sponge in 19 patients (retrospective
group only) and Portex tube in 14 (7 retrospective
and 7 prospective); both were removed four weeks

TABLE 2. PROSPECTIVE POPULATION PROFILE

Presenting Symptoms

Method of Injur

Pain/ Subcut Impaired Assault
Group Hoarseness Tenderness Hemoptysis Dysphagia Emphysema Respiration Hematoma  MVA Blunt  Penetrating
| 5 4 4 2 1
2 6 2 2 1 5 3 5 4 8
3 2 2 1 1 3 il 4
4 o 2 1 5 1 2 4

MVA - Motor vehicle accident.
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TABLE 3. RESULTS OF TREATMENT OF EVALUABLE
PATIENTS (N = 73)

Voice Airway

Group Good Fair Poor Good_Fair Poor
1 4 — - 4 - -
2 2 - - 22—
3 9% 1 — 0w - -
41 18 e i 25— 2

*One patient achieved a good voice after Teflon injection of the true
vocal cord following recurrent nerve injury.

fOne patient not evaluated due to prolonged coma.

after injury. Decannulation varied from 35 to 100
days after injury, with two patients in the retro-
spective group requiring permanent tracheotomy.
In one of these patients, cannulation was required
for pulmonary toilet necessary for anoxic brain
damage suffered following cardiac arrest. The
other patient was an elderly woman who continued
to use a small-diameter tracheotomy tube with a
fair voice and a fair airway clinically (classified as
poor for purposes of study) but refused decannula-
tion.® Twenty-five other patients were available for
evaluation, all of whom achieved a good airway.
Eighteen (14 retrospective and 1 prospective) pa-
tients had a good voice and 7 (6 retrospective and 1
prospective) a fair voice. Complications in the
group 4 patients included 1) avulsion of the entire
mucosa of one side of the larynx following endotra-
cheal intubation (Fig. 2), 2) slippage or expulsion of
stent secondary to wire breakage in three patients
(retrospective group), 3) total airway obstruction
following attempted endotracheal intubation in
four patients who were successfully rescued by tra-
cheotomy, and 4) perichondritis nine years after in-
jury necessitating temporary tracheotomy and hos-
pitalization for antibiotic therapy.®

Antibiotics, usually a cephalosporin, were given
for ten days or less to patients who underwent a
surgical procedure. Infection was limited to those
with massive pharyngeal and spinal column trauma
following gunshot wounds. As stated earlier, such
injuries accounted for the two deaths in this series.
Steroids were used in a few of the group 1 patients,
making their benefits difficult to assess.

DISCUSSION

The results following the prospective manage-
ment of laryngeal trauma by the author for the past
four years are considered along with the concepts
established over the previous 13 years. A com-
parison of the two study populations shows an in-
crease in the relative number of assaults and a
decrease in automobile-related injuries. The intent
of this paper is to draw upon this experience to im-
prove airway and voice function following the vari-
ous forms of laryngeal trauma.

Emergent Care. There is an unfortunate tenden-
cy for nonlaryngologists to regard all airway
emergencies as best managed by endotracheal in-
tubation. Following laryngeal trauma, intubation

Fig. 1. Computed tomographic scan of patient with non-
displaced thyroid cartilage fracture (A). Right true vocal
cord is enlarged due to hematoma, and right arytenoid (B)
lies superior to left arytenoid, resulting from hematoma
within cricoarytenoid joint.

is hazardous. The few patients so managed (initial
care conducted by nonotolaryngologist) developed
serious iatrogenic complications. These findings
lead the author to reinforce the statement of others
recommending tracheotomy under local anesthesia
for all suspected laryngeal trauma patients requir-
ing airway support for either further diagnostic or
surgical management.'~*>¢#° In this series, stridor
and difficulty breathing were the most consistent
symptoms with severe airway trauma, and hence,
the need for tracheotomy (Table 2).

Diagnostic Evaluation. In the stable airway, in-
direct laryngoscopy permits rapid assessment of the
site and degree of injury. Computerized tomo-
graphic scanning has further refined this evaluation
allowing one to visualize the skeleton and soft tissue
of the larynx. However, as a costly radiographic
procedure, the CT scan should be applied to those
cases where the findings will influence a therapeu-
tic decision, not to confirm a clinically obvious
massive injury. Esophagoscopy was performed con-
currently with direct laryngoscopy to exclude
pharyngeal and esophageal injuries, and remains a
valuable diagnostic adjunctive procedure.'®

Operative Intervention. Beyond the need to es-
tablish an airway by tracheotomy, surgical therapy
should be considered when spontaneous resolution
of the laryngeal injury is unlikely. The results of this
study and others suggest that a full recovery
without operative treatment is likely with edema,
hematomas without mucosal disruption, single non-
displaced thyroid cartilage fractures in the other-
wise stable larynx and small lacerations (and mod-
erate lacerations of the supraglottic larynx) not in-
volving the anterior commissure.

The CT scan may complement the indirect laryn-
goscopy by evaluating the laryngeal skeleton and
soft tissue, thereby either avoiding or supplemen-
ting direct laryngoscopy in certain cases. Open ex-
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Fig. 2. Operative findings in patient with avulsion of right
mucous membrane of larynx following false passage of en-
dotracheal tube. Inset) Artist's drawing of same.AE
-Avulsed epiglottis; TC - Thyroid cartilage; MM - Mucous
membrane.

ploration of the larynx is felt to be indicated for
large mucosal lacerations (particularly of the ante-
rior commissure), displaced or comminuted carti-
lage fractures, avulsed mucosa and dislocated ary-
tenoids.

Operative Timing. Acute operative management
(within 24 hours) evolved as a policy at the Univer-
sity of Texas Health Science Center at Dallas in
response to the large volume of trauma patients
treated at Parkland Memorial Hospital and has
been reinforced by other reports.*-*¢7 The results of
the current study lend strong evidence to the ef-
ficacy of an early surgical management program,
rather than waiting several days for edema to
resolve.'’ Immediate surgical intervention aided
identification of mucosal, muscular and carti-

laginous injuries, permitting primary approxima-
tion of all involved tissues.

Laryngeal Stenis. Internal stents or lumen keep-
ers serve to splint unstable fractures and allow
mucosal wounds to heal without leading to webs,
adhesions or stenosis. Since many of the more severe
injuries disrupt the anterior commissure and in-
volve multiple cartilaginous fractures, stenting
following thyrotomy is often indicated. In the pres-
ent series, stenting was avoided when the laryngeal
skeleton remained stable after open reduction and
the mucous membrane of the anterior commissure
was intact prior to open exploration. Stents were
used when the anterior commissure had been trau-
matically disrupted despite primary repair of the
mucous membrane to avoid the possible formation
of a web. In choosing a stent, the surgeon should
avoid rigid materials which might lead to further
mucosal trauma. The stent should be fixed within
the endolarynx in such a way that it moves with the
larynx during swallowing and is consistently
recoverable at endoscopy without further trau-
matizing the larynx.>7 !

Grafts. In the present study (retrospective and
prospective), skin or mucosal grafts were not util-
ized because in all 51 explored cases wounds were
primarily closed. Grafts have been advocated as a
supplement to primary closure to epithelialize areas
of potential mucosal loss, and such a policy is cer-
tainly reasonable and well established.’* The
author would only comment that grafts should not
be considered as a substitute for careful approxima-
tion of mucosa, muscle and cartilage necessary to
preserve the dynamic function of the larynx.

The results presented in this paper represent an
evolving process in diagnostic and surgical treat-
ment of laryngeal trauma. From this work the term
“primary management” has come to signify two
meanings. In one sense, “primary” indicates im-
mediate or acute surgical intervention. In another
sense, “primary” refers to the tissue closure method
which is possible in the early injury period. Follow-
ing these concepts, it is possible to restore phonation
and respiratory function to the acutely injured lar-
ynx.
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ASSESSMENT OF INTUBATION IN CROUP AND EPIGLOTTITIS
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Nasotracheal intubation for the management of airway obstruction in acute epiglottitis has become a well-received practice. How-
ever, the same technique has not received widespread support in laryngotracheobronchitis. The purpose of this study was to update the
series of nasotracheal intubations in croup and epiglottitis from Columbus Children’s Hospital with the specific intent to evaluate its effec-
tiveness. All patients were evaluated for any immediate and delayed complications. Delayed complications were evaluated using parent in-
terviews and measuring expiratory flow rates. This study of 45 children intubated for epiglottitis and 83 intubations for croup reconfirms
the earlier report from this institution about its safety in both conditions. However, it has identified a subset of the croup patients who are
definitely at risk to develop complications of the technique. In those children under 1 year of age, a disturbingly high incidence of subglot-
tic stenosis was identified and this appeared to be related to the patient’s age, tube size, serial intubations (dilatations), and duration of in-
tubation. Suggested guidelines for airway management in the light of the new information are presented.

INTRODUCTION

The treatment of laryngotracheobronchitis
(croup) and acute epiglottitis has been gradually
evolving over a number of years. Morgan and Wis-
hart' cited a 75% mortality for these diseases in
1928. This rate improved dramatically as the im-
portance of good airway management was appre-
ciated. Although the use of endotracheal tubes for
the relief of inflammatory upper airway obstruction
was suggested as early as 1880 by MacEwan,’ tra-
cheotomy became the initial treatment of choice be-
cause of its effectiveness and supposed relative safe-
ty. The first modern use of nasotracheal intubation
in the treatment of croup and epiglottitis patients
was reported by Allen and Steven in 1965.° Since
then there have been numerous reports in the litera-
ture demonstrating the safety of nasotracheal intu-
bation in the airway management of epiglottitis pa-
tients.*® However, there is little information avail-
able regarding the safety of intubation in croup
cases i

It is the purpose of this paper to expand the orig-
inal series of intubated croup and epiglottitis pa-
tients from the Columbus Children’s Hospital with
particular attention being directed to the use of in-
tubation in croup patients. The immediate and de-
layed complications directly attributable to naso-
tracheal intubation in croup and epiglottitis will be
analyzed as well as technical factors felt to be re-
sponsible for them.

SUBJECTS AND METHODS

All patients admitted to Columbus Children’s Hospital with
either infectious croup or epiglottitis from January 1973 through

December 1979, were included in the study (Table 1). However,
three patients were admitted after tracheotomy had been per-
formed at another institution and were subsequently excluded.
The study population, therefore, included 626 cases of croup and
55 cases of epiglottitis. Eighty-three (13%) of the croup and 45
(82%) of the epiglottitis patients underwent endotracheal intuba-
tion.

Evidence of immediate intubation complications was collected
from each patient’s hospital record. The presence of delayed com-
plications was investigated by three means: 1) the medical records
were examined for records of subsequent hospital admissions re-
lated to upper airway obstruction, 2) the parents were contacted
and carefully questioned regarding the persistence of any symp-
toms referrable to clinically significant upper airway damage,
and 3) the peak expiratory flow rate was measured using the adult
model Wright Peak Flowmeter, a pulmonary function test that
has been found useful in assessing obstructive airway disease in
children. This particular test was chosen because the normal
values have been determined by testing over 4000 subjects and
have shown close agreement among distinct, independent studies.'>-*®

RESULTS

Means of Intubation. The technique is the same
as that described in an earlier paper from this insti-
tution.* Intubation is accomplished ideally in the
operating room by a staff anesthesiologist, as per-
formed in 76% -of the epiglottitis intubations and
87 % of the croup intubations. A greater percentage
of the epiglottitis patients were intubated in the
emergency room or at outlying hospitals than the
croup patients, again revealing the fulminant na-
ture of this disease.

It was not unusual for the first tube selected to be
too large, requiring the selection of a smaller diam-
eter tube. This was particularly true in the croup
cases. Twenty-five percent of the croup patients
had the initial tube replaced with a larger tube.

From the Department of Otolaryngology and the Department of Anesthesiology, The Ohio State University College of Medicine, and the Columbus
Children’s Hospital, Columbus. This research was supported in part by grant 1 K07 NS00417-04 from the National Institute of Neurological and Com-
municative Disorders and Stroke (Teacher-Investigator Award), and in part by grant 7430Z from the Columbus Children’s Hospital Research Founda-
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TABLE 1. PATIENTS ADMITTED WITH
CROUP OR EPIGLOTTITIS

Primary Popu-  Nonin- Intubated
No. Trache- lation  tubated Cases
Cases otomy  Studied  Cases No. %
Croup 629 3 626 543 83 13
Epiglottitis 55 0 55 10 45 82
Totals 684 681 128 19

This was only necessary in seven percent of the
epiglottitis patients. The tube changes occurred be-
cause of inadequate size for maintenance of the pa-
tient’s airway. This often resulted in a dilatory ef-
fect on the edematous tissue. The critical factor
with respect to tube size is that an adequate airway
is established and not @ maximal airway which
would be more traumatic to the inflamed tissue.
Uncuffed polyvinyl chloride tubes are used, and the
tube is usually one or two sizes smaller than normal
for the patient (Table 2). The tube is secured to a
Logan bow which is taped to the face. Moderate to
severe difficulty, as recorded on the anesthesia
record, was encountered in intubating 29% of the
epiglottitis patients and 35% of the croup patients.
There have been no cases where an endotracheal
tube could not be inserted.

Course of Intubation. The average duration of
intubation was 60 hours in the epiglottitis and 144
hours in the croup patients (Table 3). Twenty-three
(18 %) of the patients extubated themselves acciden-
tally and 14 of them required reintubation for con-
tinuing respiratory distress. In addition, seven (8 %)
of the croup patients required reintubation because
of tube occlusion with thick secretions. The vital
signs, especially temperature, and the patient’s
return to near-normal activity, were the parameters
used to determine the optimal time for elective ex-
tubation. This was routinely done in the recovery
room with a staff anesthesiologist in constant at-
tendance. However, 19 (23%) of the intubated
croup patients and one (2%) of the intubated epi-

glottitis patients continued to have respiratory
distress following the tube removal and subsequent-
ly needed reintubation. Seven (8 %) of the croup pa-
tients underwent tracheotomy because of inability
to extubate after prolonged intubation. The in-
tubated epiglottitis patients remained in the hos-
pital an average of six days versus ten days for the
croup patients.

Immediate Complication Rate. In the group of
45 intubated epiglottitis patients, there were no im-
mediate complications. One patient had hypoxic
brain injury before intubation at an outlying hospi-
tal.

In the group of 83 intubated croup patients, 73
(88%) had no immediate complications. One pa-
tient extubated himself the night of intubation and
suffered hypoxic encephalopathy and a permanent
neurologic deficit. Nine patients (11%) developed
subglottic stenosis with seven of these patients re-
quiring tracheotomy before discharge. One
patient’s tracheotomy tube became decannulated
the night before discharge and he died.

Because of the disturbingly high incidence of sub-
glottic stenosis in the patients intubated for croup,
these patients were analyzed in greater detail in
order to determine any similarities. Seven of these
nine patients were under 1 year of age with the
average being 11 months. Of the 20 intubated croup
cases under 1 year of age, seven patients (35%)
developed subglottic stenosis. Among the 7 of 9
stenosis patients in which nasotracheal tube sizes
are reported, 6 had the inflamed subglottic larynx
“dilated” with a larger tube which was felt to be a
better size for airway maintenance. In addition, the
tube sizes in the stenosis patients were usually larger
and frequently approached the sizes generally used
in children with normal airways (Table 2). The
children who developed stenosis were intubated
longer than those who did not develop stenosis (10.5
days vs 5.3 days). This longer duration reflects the

TABLE 2. SIZE OF ENDOTRACHEAL TUBE USED IN CROUP PATIENTS (N = 78)

Tube Size (mm)  0-6 mo 7-11 mo Taur: 2yr 3 yr Age4 yr 5 yr 6 yr 7yr 8 yr 9 yr
3.0 8 1
3.5 3 4 i) 3
40 32 4(2) 14 7 0 |
4.5 4 8 3 1 i
5.0 2 (1) 1 1
5.5 1 1
6.0 1 1

() - Subglottic stenosis.
- Tube size usually used in children with normal upper airways.
- Recommended maximal tube size in croup patients.
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TABLE 3. COURSE OF INTUBATION

Croup Epiglottitis
(n=83) (n=45)
Self-extubation 18 (22%) 5(11%)
Reintubation 12 (67%) 2 (40%)
Tube occluded and
reintubated 7(8%) 0
Total 25 (30%) 5(11%)
Reintubation after elective
extubation 19 (23%) 1(2%)
Tracheotomy 7(8%) 0
Average duration of
intubation 144 hours 60 hours
Average hospital stay 10 days 6 days

difficulty encountered with extubation. An attempt
was made to electively extubate all but one of the
stenosis patients by the sixth day of intubation and
two patients developed stenosis after being in-
tubated for only three and four days respectively.
All the stenosis patients underwent subsequent la-
ryngoscopies with dilatations and/or steroid injec-
tion (range 1-23 procedures). Six of the seven pa-
tients requiring tracheotomy have been successfully
decannulated with the one exception who is pre-
sently wearing a Silastic T-tube after laryngoplasty.

Delayed Complication Rate. A group of 43 croup
patients (52%) were located for evaluation of any
delayed complications. Inquiry regarding the exis-
tence of any postextubation symptoms revealed
100% to be asymptomatic. Measurements of peak
expiratory flow rates were then attempted in 40 of
these same patients. Due to the young age and re-
sultant inability to comprehend the task in some
cases, it was possible to obtain measurement in 36 of
the patients, with 100 % being normal. Of the 45 in-
tubated epiglottitis patients, 26 (58 %) were asymp-
tomatic and 21 had normal peak flow rates.

DISCUSSION

Some guidelines for the management of acute up-
per airway obstruction in children have been form-
ulated from the literature over the past decade. Sev-
eral articles***'7'® have described the favorable
use of nasotracheal intubation in the management
of epiglottitis patients. The safety of this technique
is reconfirmed in the present study. At the same
time, other surgeons have reported large series of
epiglottitis patients managed by tracheotomy with
comparable morbidity and mortality.®'*-** Given
the nearly equal morbidity and mortality for these
two techniques, nasotracheal intubation appears to
be preferable to tracheotomy because a surgical
procedure is obviated and the duration of hospitali-
zation is shortened, as reported in most series.” '8

Although there is now adequate guidance in the
literature for the management of the airway in epi-
glottitis, a paucity of reports exists for croup. This is
somewhat surprising as croup associated with respi-
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TABLE 4. RECOMMENDED MAXIMAL TUBE SIZE
IN INTUBATED CROUP PATIENTS

Tube Size

Age (ID mm)
Neonate-lyear 3.0
1-2 years 3.5
2-5 years 4.0
5-8 years 4.5
8 years- + 5.0

ratory failure is more frequently seen than epiglotti-
tis. The few reports in the literature specifically ad-
dressing the use of nasotracheal intubation in croup
patients have given mixed conclusions regarding its
safety. Allen and Steven** concluded that nasotra-
cheal intubation in croup patients was a safe tech-
nique as long as strict guidelines were followed.
They reported three subglottic stenoses in 129 pa-
tients (2.3%) intubated for croup. Downes et al*°
reported three cases of subglottic stenosis and two
cases of subglottic granuloma formation in 11 in-
tubated patients. In a subsequent report,*! they ad-
vised tracheotomy for croup patients suggesting
that the nasotracheal tube acted as a foreign body
which further irritated the inflamed, edematous
mucosa. The previous report from our institution
concluded that nasotracheal intubation for croup
was a safe procedure. This report confirms that con-
clusion, but it also reveals some limitations of this
technique for a particular group of children.

Management of the croup patient with respira-
tory failure is more difficult than that of the epiglot-
titis patient and this is probably related to the dif-
ferent histopathology. Unlike epiglottitis, croup is a
diffuse inflammatory process involving the entire
upper and lower airway. These patients are more
difficult to intubate and the first tube selected will
often not pass beyond the inflamed subglottic tis-
sue. The younger age of children with croup com-
pared with epiglottitis further exacerbates the prob-
lem. Thus, the clinician is caught between placing a
tube large enough to adequately ventilate the pa-
tient, but not so large that it irritates the injured
subglottic larynx.

The copious secretions seen in croup patients is a
further complicating factor. These secretions, along
with the smaller diameter tubes, account for the
8% incidence of tube occlusion. The higher inci-
dence of self-extubation in croup (22%) compared
to epiglottitis (11%) is probably related to the fact
that the duration of intubation was twice as long
with croup. Two thirds of the self-extubated croup
children required emergency reintubation versus
40 % for the self-extubated epiglottitis patients. Ad-
ditionally, there is the high incidence of reintuba-
tion (23 %) following elective extubation. When the
patients who developed subglottic stenosis are
analyzed for contributing factors, young age, tube
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size, duration of intubation, and “dilating” the
subglottic larynx appear to be the most important.
The infant larynx already injured by acute inflam-
mation does not tolerate the additional insult of re-
lentless pressure by an endotracheal tube.

Because of the unacceptably high incidence of
subglottic stenosis in children with croup under 1
year of age, the following guidelines for airway
management in children are currently being consid-
ered. When a croup patient develops signs of respir-
atory failure, he is taken to the operating room
where nasotracheal intubation with general inhala-
tional anesthesia is performed using the tube size
listed in Table 4 (modified after Allen and Steven).**
This table lists the maximal tube size utilized for
each age group and does not correspond to the max-
imal tube size for normal children of a similar age.
Gentle advancement of the tube beyond the edema-
tous tissue is emphasized. If the first tube selected
will not gently pass through the larynx, then a
smaller size is attempted. After a tube is inserted, a
larger tube should not be substituted. The edema-
tous subglottic larynx should not be further stressed
by dilating it. If the successfully passed tube seems

too small in diameter to adequately sustain the pa-
tient’s ventilation or is too small to permit effective
suctioning, then an orderly tracheotomy should be
performed.

After the tube is successfully passed, it is securely
fixed to the patient’s head and the patient is placed
in the medical intensive care unit where he will
receive continuous surveillance. All patients receive
frequent suctioning and constant humidification to
the tube. The use of restraints and/or sedation is im-
portant to hopefully avoid self-extubation. Tech-
niques of objectively assessing the time for elective
extubation are currently being developed. Those
patients who require reintubation will undergo
tracheotomy and subsequent laryngoscopy before
tracheal decannulation.

Eighty-eight percent of the intubated croup pa-
tients in the present series and 92 % in the total ex-
perience were successfully treated without serious
complications. However, the percentage of patients
less than 1 year old developing subglottic stenosis is
too high. The above-mentioned recommendations
will hopefully result in a dramatic improvement.
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TREATMENT OF SEVERE SUBGLOTTIC STENOSIS WITHOUT
TRACHEOTOMY

A PRELIMINARY REPORT

LAUREN D. HOLINGER, MD

CHICAGO, ILLINOIS

Subglottic stenosis in neonates, infants and children is one of the most challenging problems confronting the pediatric otolaryngologist
today. Small patients with congenital or acquired stenosis severe enough to require tracheotomy must undergo repeated endoscopic pro-
cedures or laryngotracheal reconstruction; weeks, months, or years may be required to attain a lumen large enough to permit decannula-
tion. During 1981, six infants and children with severe subglottic stenosis were managed without tracheotomy. The surgical technique
employed involves endoscopic excision of the offending subglottic tissue using the CO, laser and suspension microlaryngoscopy. In-
traoperative intubation is avoided by using an insufflation technique for general anesthesia which permits unobstructed visualization of the

larynx, thereby avoiding laryngeal trauma and edema.

In 1974, Fearon and Cotton' startled the pedi-
atric otolaryngologic community with their report
of a 24 % mortality rate in 25 infants and children
with severe subglottic stenosis and tracheotomy
who were managed conservatively. While the mor-
tality in another series? (85 tracheotomy-dependent
patients with subglottic stenosis) was considerably
less (5.9%), the fact remains that the mortality
among these small children is significant. Cotton
and Evans,® among others, therefore began to ad-
vocate a more aggressive approach to the manage-
ment of these patients; of 103 patients who under-
went laryngotracheal reconstruction to treat
mature, hard, fibrous, unresponsive scar in the
subglottic larynx, they had only 1 surgical mortali-
ty: a mortality rate of less than 1%.

Ideally, severe subglottic stenosis would be
treated without tracheotomy at all. Cotton and
Seid* have been able to accomplish this in
premature infants by using an anterior crocoid split
as an alternative to tracheotomy when extubation
attempts failed. Johnson and Stewart® and Down-
ing and Johnson® have used the infant urethral
resectoscope to treat three children with subglottic
stenosis without tracheotomy. Koufman et al’ re-
ported endoscopic management of subglottic steno-
sis with the CO, surgical laser; tracheotomy was
avoided in three children who had severe subglottic
stenosis. The present report presents the prelimi-
nary results of six infants and children with severe
subglottic stenosis managed endoscopically without
tracheotomy using the CO, laser.

The indications for laser management of severe
subglottic stenosis without tracheotomy are not yet
well defined. It seems that any premature infant,

full term infant, or child requiring tracheotomy
who is stable and healthy enough to breathe spon-
taneously and undergo general anesthesia, would
be a candidate for the procedure. The ideal applica-
tion for the described technique is a discrete, short,
soft tissue subglottic stenosis which does not involve
the entire circumference of the subglottic larynx
(Fig. 1). However, the technique has been used suc-
cessfully in cases which have also had involvement
of the supraglottic or glottic larynx, or upper tra-
chea as well. A case report of the first child with
severe subglottic stenosis managed without trache-
otomy illustrates the indications and usefulness of
the procedure.

CASE REPORT

Case 3. The patient was a 4',-month-old female who had been
well until age 2 months, when she had begun to have typical
symptoms of upper airway obstruction. Endoscopic evaluation by
a pediatric surgeon yielded no specific diagnosis but the laryngeal
aperture was felt to be slightly small. The patient was placed on
steroids and her symptoms remained stable for one month. In-
creasing symptoms prompted the parents to seek the opinion of an
otolaryngologist who observed a small larynx; severe respiratory
distress following the laryngoscopy necessitated intubation. The
patient extubated herself the night following the procedure; im-
mediate reintubation was necessary.

When first seen by the author, the patient was resting comfor-
tably with a 3.0# orotracheal tube securely in place. Chest x-ray
films and barium esophagram had been normal; lateral xeroradi-
ogram of the neck suggested airway compromise at the glottic or
subglottic level. She was extubated 48 hours later. In spite of ster-
oids and racemic epinephrine she developed progressive airway
distress with increasing pCO, and therefore was taken to the oper-
ating room for laryngoscopy and bronchoscopy under general an-
esthesia. The larynx was erythematous and edematous through-
out; the subglottic larynx had a fullness on the left covered with
normal but traumatized mucosa. An eschar was present postero-
laterally on the left where there was also early granulation tissue
formation. Telescopic examination of the trachea and main bron-
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Fig. 1. (Case 4) Posteroanterior chest x-ray film demon-
strating subglottic stenosis primarily involving left subglot-
tic larynx.

chi was normal. Biopsies of the subglottic area showed fragments
of columnar and squamous mucosa with inflammation and hy-
perplasia. The subglottic lumen was enlarged endoscopically with
the CO; laser, removing tissue primarily from the left.

The patient had no respiratory symptoms for five days follow-
ing the procedure. Over the next two days she developed intermit-
tent stridor which responded dramatically to racemic epineph-
rine. At direct laryngoscopy seven days following the first laser
procedure, an eschar was observed in the left subglottic larynx
compromising the airway by 50% . It was removed with cupped
forceps and the area was again biopsied. An 18 French brass
laryngeal dilator was passed easily. The biopsy showed small
fragments of squamous epithelium and fibrous tissue with acute
and chronic inflammation and occasional foreign body giant
cells.

Although she remained asymptomatic endoscopic re-evaluation

~ was accomplished one week later. The mucosa in the left subglot-

tic larynx was somewhat rough but the airway appeared normal;

the 18 French dilator passed with ease through the larynx. She
was discharged to be followed by her pediatrician.

Ten and one-half months later the parents were contacted to
obtain follow-up information for the present study. Stridor and

wheezing had recurred, which her pediatrician had diagnosed as
asthma and was treating with bronchodilators. Shortly thereafter
she developed acute, more severe respiratory distress which did
not respond to subcutaneous epinephrine; racemic epinephrine
and systemic steroids did relieve symptoms somewhat. A croup-
like cough developed. Lateral xeroradiogram of the neck showed
airway compromise at the glottic and subglottic larynx. The pa-
tient underwent endoscopic re-evaluation and laser excision of
subglottic tissue on the left within one week (Fig. 2). Another
similar procedure one week later relieved recurrent symptoms;
she has had occasional mild stridor since.

METHODS AND MATERIALS

During 1981, 24 patients with subglottic stenosis were diag-
nosed by the author at The Children’s Memorial Hospital and
Rush-Presbyterian-St. Luke’s Medical Center in Chicago. Fol-
low-up is reported through May 1, 1982. A detailed review was
made of the six patients whose subglottic stenosis was severe
enough the require tracheotomy but in whom tracheotomy was
avoided by enlarging the airway with the CO, laser (Table 1).

The diagnosis was confirmed endoscopically. Laryngoscopy
and bronchoscopy were carried out in all patients to identify any
other abnormalities of the larynx and tracheobronchial tree;
usually this was not done at the initial procedure because of the
extreme degree of airway obstruction. Any instrumentation of the
subglottic larynx might have produced traumatic edema and pre-
cipitated tracheotomy. Examination of the tracheobronchial tree
was accomplished without passing a bronchoscopic tube in three
patients. They were examined with the Hopkins rod telescope
(from a 3 mm x 20 cm Storz bronchoscope) which was passed
carefully through the subglottic area into the trachea and each
main bronchus, thus avoiding the additional trauma of the larger
bronchoscopic tube.

The Cavitron CO, laser coupled to a Zeiss operating micro-
scope was used for all patients. One to 1.5 mg/kg of dex-
amethazone (Decadron) was given intravenously prior to or dur-
ing most endoscopic procedures to minimize postoperative
edema. Postoperatively, patients were kept on high humidity ox-
ygen or an ultrasonic nebulizer to minimize eschar formation.
Build-up of fibrinous exudate and eschar formation often neces-
sitated follow-up procedures to remove the eschar and re-establish
an adequate airway. Typically, this occurred 3-6 days following a
laser procedure. Racemic epinephrine (0.1-0.5 ml, 2.25% diluted
in 2.5 cc normal saline) delivered with a nebulizer with 100% O,
via face mask often provided temporary relief from respiratory
distress.

Most patients were premedicated with atropine only (0.03
mg/kg). Pentazocine (Talwin), narcotics and barbituates were
avoided because of their tendency to depress respiration. General

Fig. 2. (Case 3) A) Preoperative endoscopic view of recurrent soft subglottic stenosis at direct laryngoscopy. Lesion is primarily left-
sided. Because laryngoscope is in right corner of mouth right vocal cord obscures right subglottic area. B) Intraoperative view. Laser
excision of lower portion of stenosis has been accomplished. Trauma from laryngoscope has produced edema in anterior and
superior portions of subglottic area. C) Immediate postoperative view. Endoscopic excision has been completed with enlargement of
airway. Mucosa at the anterior commissure has been spared.
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TABLE 1. SEVERE SUBGLOTTIC STENOSIS PATIENTS TREATED WITHOUT TRACHEOTOMY

No. of
Age at Procedures
Patient Onset of Diagnosis Nature of Duration of Total
No. Sex Symptoms (Ist Endo.)  Airway Compromise Clinical History Intubation Laser Endo. Etiology
1 M 18 mo 4', yr  Subglottic: fibrous, circum- Prematurity; RDS/BPD, 2 mo 3 3  Acquired
ferential gocal submucosal croup 2/yr; 2 days se- (following
fibrosis, chronic inflamma- vere progressive respi- intubation)
tion) ratory distress
Glottic: bilateral cysts, pos-
terior commissure synechia
2, F 14 mo 14', mo Subglottic: soft tissue; granu- Aspiration and respira- -2 days 3 10 Acquired
lation tissue tory arrest 6 mo after  x 2. (following
Glottic: anterior glottic web division of vascular ring. intubation)
Supraglottic: bilateral ven- Failed extubation
tricular protrusions; trache-
al and bronchial compress-
ion
3 F 2 mo 4', mo Subglottic: soft tissue (acute Progressive biphasic stri- 4 days 3 5 Congenital
and chronic inflammation, dor; required intubation
glandular hyperplasia, for- following diagnostic en-
eign body giant cells) do.
4 F 3 wk 10 wk  Subglottic: soft tissue, left Progressive stridor and 0 i 11  Congenital
(ilandular hyperplasia, barking cough; acute
chronic inflammation, for- obstruction after diag-
eign body giant cells) nostic endo.
5 F Birth 8 wk  Subglottic: anterior, firm (not Progressive biphasic stri- 1 day 1 1  Congenital
biopsied) dor; intubated and trans-
ferred following diag-
nostic endo. elsewhere
6 F 5 mo 5 mo  Subglottic: soft tissue; edema, Failed extubation follow- 0 2 9  Acquired
granuloma, exudate (necro- ing meningitis, coma and (following
sis, acute inflammation) seizures intubation)
Trachea: circumferential, hi%h
(7 mm below cords) fi-
brous stenosis; aberrant in-
nominate artery
Total 19 39

Endo - Endoscopic or endoscopy; RDS - Respiratory distress syndrome:

anesthesia was used in all cases. Routine induction was by mask
using halothane (Fluothane), nitrous oxide and oxygen. Spontane-
ous respiration was maintained throughout, assisting the patient
during induction only if necessary. Topical anesthesia using 1-2 %
lidocaine (Xylocaine) was administered to the trachea, larynx and
hypopharynx with an atomizer. The dose of lidocaine did not ex-
ceed 3 mg/kg. After deepening anesthesia, a large bore suction
catheter or a small (3-3.5 mm) endotracheal tube was placed
through one nostril for delivery of anesthetic gases into the
hypopharynx by insufflation. The position of the tip of the cathe-
ter in the pharynx was checked with a laryngoscope and the
catheter carefully held or secured with a small piece of tape to the
nose or cheek. The fraction of inspired oxygen (FiO,) was limited
to 50% (0.5).

A pediatric anterior commissure microlaryngoscope was used
to visualize the larynx then stabilized with a Lewy laryngoscope
holder supported on a Mayo stand brought across the patient’s
chest and abdomen (Fig. 3).

Biopsies were taken when the airway was adequate. The oper-
ating microscope and laser were positioned for removal of the of-
fending subglottic tissue. If anesthesia lightened and the patient
began to cough or if respiration became too shallow or ceased, in-
tubation was easily accomplished through the laryngoscope. The
endotracheal tube was removed when spontaneous respiration
was restored, permitting an unobstructed view of the larynx for
endoscopic surgery.

The laser may be used to remove tissue from the subglottic
larynx and upper trachea, sometimes as far as 2 cm below the
superior surface of the vocal cords. This is possible in some infants
as well as children and adults. Trials with different pediatric
microscopic laryngoscopes and various angles of alignment are
necessary to determine which works best with each individual pa-
tient. Use of the left hand to manipulate the larynx and upper

; BPD - Bronchopulmonary dysplasia.

trachea while aiming the laser with the right obviates continual
realignment of the laryngoscope and operating microscope (Fig.
4). One attempts to align the target area more perpendicular to
the direction of the laser, giving a more precise burn rather than a
tangential one. Removal of tissue from the entire circumference
of the lumen at one procedure is avoided.

RESULTS

Six of seven infants and children with severe sub-
glottic stenosis who were considered for (laser)
treatment to avoid tracheotomy have indeed
avoided tracheotomy. A total of 24 infants and
children were diagnosed as having subglottic
stenosis during 1981 (Table 2). Twelve of these had
subglottic stenosis severe enough to require
tracheotomy, only 6 of whom actually underwent
tracheotomy; the other 6 were treated with en-
doscopic laser surgery and tracheotomy was avoid-
ed. For various reasons of logistics or timing, no at-
tempt could be made to use the laser as an alter-
native to tracheotomy in five patients. In one pa-
tient, a laser procedure could not be initiated
because of extreme respiratory distress, laryngo-
spasm, and difficulty atttaining an adequate ex-
posure for suspension microlaryngoscopy.

The clinical data of the six patients who were
spared tracheotomy are presented in Table 1. These
six patients underwent a total of 39 endoscopic pro-
cedures, an average of 6.5 procedures each. The
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laser was used in 19 (49%) of the procedures; the
other 20 were done to remove eschar, to dilate or
biopsy the larynx, or for diagnostic purposes only.
Biopsies were taken when possible; the severity of
the airway compromise precluded biopsy complete-
ly in one patient. Biopsies were sometimes taken at
later procedures when a better airway had been es-
tablished. Four of the six patients (cases 2, 3, 4, 6)
exhibited a tendency for the soft tissue narrowing to
recur; this tissue was quite soft and not a hard, fi-
brous, cicatricial or cartilaginous stenosis. Repeated
biopsies showed no suggestion of hemangioma in
any of these patients.

Of the 6 patients with severe subglottic stenosis
treated without tracheotomy 5 were female, 1
male. The onset of symptoms occurred at age 14
months or younger in all except one patient; in four
" patients the onset of symptoms occurred under 6
months of age (Table 1). Three of the stenoses were
congenital; three were acquired secondary to en-
dotracheal intubation.

No deaths occurred in these patients, nor were
any major complications encountered. One minor
anesthetic complication occurred when the insuffla-
tion catheter was inadvertantly passed too far and
entered the esophagus. The stomach was rapidly
and massively distended with anesthetic gases. The
problem was immediately recognized, the tube
withdrawn and the stomach evacuated by passing a
nasogastric tube. No long-term sequelae occurred.

DISCUSSION

Several authors have demonstrated the feasibility
of treating subglottic stenosis without tracheotomy;
anterior cricoid split,* the infant urethral resec-
toscope,>® and the CO, laser” are the means by
which this has been achieved. Of the many surgeons
who have used the laser to treat subglottic stenosis,
most have reported experience with patients in
whom a tracheotomy was already in place and most

Fig. 3. Suspension microlaryngoscopy in
a 3200 g infant undergoing laser removal
of subglottic tissue. General anesthesia is
maintained using insufflation technique.

report treatment exclusively or primarily of adult
patients. Three children in the series of Koufman et
al” had laser excision of subglottic tissue as an alter-
native to tracheotomy. Healy and his coauthors
have used the laser in similar fashion in infants and
children with subglottic hemangioma,® avoiding
tracheotomy in many such patients. The use of the
laser to treat severe subglottic stenosis without
tracheotomy in infants and children is a logical ap-
plication of these indications and techniques.

The use of the insufflation technique for ad-
ministering general anesthesia to infants and small
children is a most important technical aspect of the
endoscopic treatment of severe subglottic stenosis
without tracheotomy. It allows the surgeon unob-
structed access to the subglottic space, since no
tracheal tube of any type is used in the larynx. The
technique is difficult and some anesthesiologists are
reluctant to use it. Complete cooperation between
the surgeon and the anesthesiologist is required; the
anesthesiologist must allow the surgeon to accept
full responsibility for the airway. Intermittent

Fig. 4. Close-up of infant illustrated in Fig. 3 showing 3
mm endotracheal tube entering right nostri%; tube tip rests
in nasopharynx. A moist.sponge protects the infant’s gums
and lips. Fingers of surgeon’s left hand manipulate larynx
and upper trachea.
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TABLE 2. TRACHEOTOMY AND DEGREE OF
SUBGLOTTIC STENOSIS

TABLE 3. HISTOPATHOLOGIC CLASSIFICATION OF
SUBGLOTTIC STENOSIS

No. of
Patients
Mild or moderate subglottic stenosis
Tracheotomy unnecessary 9
Tracheotomy for pulmonary pathology or
pathology other than subglottic stenosis 3*
Severe subglottic stenosis
No opportunity for laser o
Unable to use laser (laryngospasm and
exposure problems) es
Tracheotomy avoided 6
Total 24

*Underwent tracheotomy.

laryngospasm and apnea occasionally complicate
the procedure; another drawback is the exposure of
operating room personnel to inhalation anesthetics.
Scavenging of anesthetic vapors is performed when-
ever possible. For adequate protection, personnel in
the immediate proximity (especially the surgeon
and anesthesiologist) should wear an oxygen (or air)
mask, or an activated charcoal absorbent mask.®

The term subglottic stenosis has been used with
less precision recently, particularly by specialists in
fields other than otolaryngology. By definition, the
term applies to a narrowing or stricture of the sub-
glottic larynx: the region extending from the inser-
tion of the conus elasticus into the vocal cords to the
inferior margin of the cricoid cartilage; the upper
trachea is not included. The term should exclude all
conditions such as neoplasms, extrinsic compression
(such as vascular rings) and acute inflammatory
conditions (such as croup).

Subglottic stenosis may be categorized in three
ways: 1) etiology (congenital or acquired); 2) clini-
cal/anatomic (hard or soft, degree [percent] of
stenosis and precise anatomic location); 3) his-
topathology. The histopathologic classification is
most helpful since knowledge of the precise histo-
pathology of a lesion makes the treatment of choice
almost self-evident. At present, however, it is possi-
ble to make this determination in two ways: 1) at
the time of laryngotomy for a reconstructive pro-
cedure or 2) postmortem with whole-section organ
mounts of the larynx. Continued advances in the
technology of computer-assisted tomographic scan-
ning will likely make earlier, more precise diagnosis
possible in the future. At this time, however, the
clinician is limited to the clinical/anatomic descrip-
tion of any particular lesion. This is correlated with
the likely histopathologic diagnosis and therapy de-
termined accordingly.

The more accurate the histopathologic diagnosis,
the more precise and appropriate will be the treat-
ment. Table 3 outlines the histopathologic classifi-
cation of subglottic stenosis. Hard subglottic steno-
ses fall into two categories: fibrous (which can be
dilated but tend to restenose shortly after each dila-
tion) or cartilaginous (which cannot be dilated).

Cartilaginous stenosis
Cricoid cartilage deformity (stenosis)
Normal shape
Small for infant’s size
Abnormal shape

Large anterior lamina

Oval (elliptical) shape

Large posterior lamina
Generalized thickening
Submucous (occult) cleft

Other congenital cricoid stenoses

Trapped first tracheal ring

Soft tissue stenosis
Submucosal fibrosis (fibrous connective tissue)
Submucosal mucinous gland hyperplasia
Granulation tissue

The clinical importance of diagnosing cartilaginous
stenosis is that these stenoses are not responsive to
dilation and must either be treated by a laryngotra-
cheal reconstructive procedure or the child must
wear a tracheotomy tube for an extended period of
time (years) until the problem is outgrown. The
prognosis for a hard, fibrous, cicatricial acquired
subglottic stenosis is likely to be the same.

Soft subglottic stenoses usually represent granula-
tion tissue, submucosal mucinous gland hyperpla-
sia, or combinations in association with submucosal
fibrosis. These stenoses dilate readily but collapse
upon withdrawal of the dilator. Acquired subglot-
tic or tracheal stenoses with loss of catilaginous sup-
port behave similarly. Soft tissue stenoses may be
congenital (especially submucosal mucinous gland
hyperplasia) or acquired (as with submucosal fibro-
sis and granulation tissue). The six cases reported
here which were treated successfully without tra-
cheotomy were soft stenoses; none were cartilagi-
nous, nor had any of the acquired stenoses pro-
gressed to become the firm, circumferential, cicatri-
cial type.

Many stenoses are not purely one histopathologic
type or another. Often they are not confined ex-
clusively to the supraglottic larynx but involve the
glottic or supraglottic larynx or the upper trachea as
well. Similarly, it is not unusual to find patients in
whom an underlying congenital subglottic stenosis
is complicated by submucosal fibrosis or granula-
tion tissue acquired from endotracheal intubation.
The ideal lesion for application of the technique
described herein is a discrete, short, soft stenosis
which does not involve the entire circumference of
the subglottic larynx. However, it appears that the
laser technique can be considered for any prema-
ture infant, full term infant, or child with adequate
lungs who fails extubation or requires tracheotomy
for congenital or acquired laryngeal (or high
tracheal) chronic or subacute pathology.

The histopathologic classification of subglottic
stenosis outlined in Table 3 incorporates recent con-



76 LAUREN D. HOLINGER

tributions of Tucker et al'® and a review by
Morimitsu et al.’* The latter article presents a case
of congenital cricoid stenosis and contains an ex-
cellent illustrated diagrammatic summary of car-
tilaginous stenoses reported up to 1981. Tucker'
has reported and detailed in a fine histopathologic
study the trapped first tracheal ring and a small
elliptical cricoid ring. He has also observed two
cases of submucous (occult) clefts of the posterior
cricoid lamina which probably represent incom-
plete laryngotracheoesophageal clefts (personal
communication 1982).

In conclusion, six infants and children with se-
vere subglottic stenosis have successfully undergone
endoscopic laser surgery to avoid tracheotomy. All
patients survived; no major complications oc-
curred. The surgical technique employs suspension
microlaryngoscopy and the CO, laser. An insuffla-
tion technique for administration of general anes-
thesia is used; spontaneous respiration is main-
tained and intubation avoided. The technique may
be considered for any premature infant, full term
infant, or child with adequate lungs who must un-
dergo tracheotomy for severe subglottic stenosis.
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INFANT TRACHEOTOMY
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The pediatric and neonatal tracheotomies done on our patients at Children’s Memorial Hospital since 1975 have been reviewed. Pa-
tients’ ages, birth weights, rates of complications, decannulations and deaths have been studied. As compared to previous studies, the pro-
portion of procedures done on children in the first year of life has dramatically increased. A technique which has been modified for the

small infant is described.

INTRODUCTION

Infant tracheotomy continues to evolve as the
proportion of smaller patients increases. A number
of modifications of operative technique for the neo-
nate have seemed appropriate. These along with
statistical analysis of our current experience are re-
ported.

TECHNIQUE (Fig. 1)

Whenever possible, regardless of the age of the
patient, all tracheotomies are performed under gen-
eral anesthesia in the operating room with a con-
trolled airway. Since many patients have an in-
dwelling endotracheal tube and further need for
prolonged ventilatory support, it is felt safest to per-
form the tracheotomies over the endotracheal tube
and to defer definitive inspection of the larynx until
the time of the initial tube change, usually one
week. In all but three of these cases the tracheotomy
was performed with an airway established and
maintained easily with an endotracheal tube or
bronchoscope. In these three cases attempts to pass
either an endotracheal tube or a bronchoscope failed.
One patient was a Pierre Robin child with an ex-
tremely small mandible, another was a case of mas-
sive maxillofacial and head trauma, and the third
was a case of severe tongue swelling following a
cleft palate repair in an infant.

A shoulder roll is placed and the patient is prepped
and draped except for the face which is left visible
both to the otolaryngologist and the anesthesiologist
so that the patient’s respiratory status and oxygena-
tion can be easily monitored and the airway kept
accessible. The hyoid bone and the cricoid cartilage
are palpated (the neonatal thyroid cartilage is often
difficult to palpate). The incision begins at the
cricoid cartilage and extends 1-2 cm inferiorly, after
injecting with a small amount of local anesthetic
combined with 1:200,000 epinephrine. The soft tis-
sues are dissected in the midline with sharp and

blunt dissection and with the use of hemostats as re-
tractors. When the thyroid isthmus is exposed a su-
ture is placed in the trachea immediately below the
cricoid cartilage and above the isthmus and thy-
roid. A suture is preferable to a hook since it will not
disengage or tear the tracheal tissue as easily. Using
the suture for traction, the trachea is elevated and a
second suture is placed behind the thyroid isthmus.
This suture can then be used to elevate the isthmus
so that it is more easily dissected from the tracheal
wall. The isthmus is double-clamped, divided, and
oversewn with chromic suture, left long until the
stay sutures are placed. The isthmus is always divid-
ed to prevent it from obscuring the tracheal incision
in the event of an accidental decannulation. The
isthmus divided, the initial suture can be laddered
downward to provide traction slightly lower on the
tracheal wall. The trachea is cleaned with cotton
swabs and two black silk stay sutures are placed just
to the right and left of the midline, circling tracheal
rings 3 and 4. These sutures are tied several centi-
meters from the trachea and left long to be taped to
the chest at the termination of the procedure. After
the stay sutures are in place the thyroid sutures may
then be cut and a vertical incision is made in the
tracheal wall beginning inferiorly and proceeding
superiorly to avoid traumatizing a high cupula or
any mediastinal contents. An attempt is made to in-
cise just the tracheal rings and then to complete the
incision through the tracheal mucosa with a small
hemostat to avoid any possibility of trauma to the
posterior tracheal wall. A Shiley “neonatal” trache-
otomy tube is placed in the incision under direct vi-
sion using the sutures as traction after the endotra-
cheal tube has been withdrawn to just above the
tracheal incision under our direct vision.

Once the tube is in place, the anesthesiologist
then attaches to the tracheotomy tube and when
adequate ventilation is assured, the endotracheal
tube is fully withdrawn. Stay sutures are taped to
the chest and kept in place for one week. At this
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time it is hoped that the stoma will have begun to
form. The initial tube change is done in the operat-
ing room under general anesthesia with the airway
under endoscopic control, thus permitting a leisure-
ly controlled inspection of the laryngeal pathology
at a time when mucosal reaction, tube imprints,
etc., have settled down. Further tracheotomy changes
can be carried out by the resident or the nursing
staff on a regular hospital floor. Daily tube changes,
both in the hospital and at home, are advised to
minimize stomal reaction, granulation tissue, etc;
an antibiotic and/or steroid ointment is used to lub-
ricate the replacement tube.

At this time it is worthwhile to note the introduc-
tion by Shiley of the neonatal tracheotomy tube.
This is manufactured in the same sizes as the “pedi-
atric” tube and has been modified to have a shorter
cannula, more appropriate for the infant’s trachea,
and a smaller flange, more appropriate for the size
of the infant’s neck. This modifies the plastic pedia-
tric tube to specifications similar to that of the silver
Holinger tube.

Although developed for the neonate, the tech-
nical points just elaborated have been found appli-
cable to the infant and child.

STATISTICS

Since 1975, 123 patients have undergone trache-
otomy. Although previous studies have reported a
consistent 2:1 male to female ratio, only 60 % of the
patients were male.'* Over the last ten years there
has been a significant change in the proportion of
patients under one year of age who require trach-
eotomies. Sixty-four percent of the patients were
less than 1 year of age, and 21% were between 1
and 5 years, only 11% being 5 years or older (Fig.
2).! This distribution is similar to that reported by
Hawkins and Williams.* There were 18 premature
infants included in this study. Their birth weights
ranged from 600 to 2000 g, and gestational ages
from 26 to 32 weeks. The age range of these patients
at the time of tracheotomy was between 2 and 9
months. Most of the patients have been intubated
for a significant portion of their lives prior to tra-
cheotomy. A few who were intubated early in life
were able to be extubated, but were found to have a
subglottic stenosis and an inadequate airway after
several months of extubation. There were seven
full-term infants who were tracheotomized within
the first 28 days of life.

The indications for tracheotomy were many and
varied. There were a few patients, especially the
neonates, who had primary upper airway insuffici-

ency. These included bilateral cord paralysis, Pierre
Robin syndrome, Treacher-Collins syndrome, ar-
throgryposis, and severe congenital subglottic
stenosis. Most of the other patients were tracheo-
tomized secondary to other medical problems,
many of which were multisystem and complicated.
There were numerous children with complex car-
diac disease, significant neurological problems, and
many with pulmonary disease related to prematuri-
ty. There were a few patients with tumors, several
with head injuries and maxillofacial trauma, espec-
ially among those over five years of age. Only one
patient was tracheotomized for upper airway res-
piratory infection.

There were few complications thought to be di-
rectly related to the procedure: two cases of pneu-
mothorax, one case of which was secondary to dis-
placement of the tube in the Neonatal Intensive
Care Unit and attempts to ventilate through a tube
in subcutaneous tissue. There were three cases of
tube displacement within the first 24 hours after the
procedure. There were two cases of postoperative
bleeding, neither of which were directly related to
the tracheostome; both appeared to be from dilated
bronchial vessels traumatized by a suction catheter
and to be coming from below the level of the tra-
cheostome. A cardiac arrest occurred in one patient
at the conclusion of the procedure, due to transient
hypoxia when the tracheotomy tube replaced the
endotracheal tube. The patient survived without se-
quelae. In one patient with a tracheoesophageal fis-
tula the tip of the tracheotomy tube persistently fell
into the fistula and rested in the esophagus. There
were no operative deaths.

Thirty percent of our patients who are still alive
have been decannulated. There are no patients at
this time who are unable to be decannulated be-
cause of persistent stomal problems. Twenty per-
cent of the original group of patients have died. In
only one of these patients was there a suspicion that
the death may have been caused by obstruction of
the airway in a patient with an obligate tracheot-
omy. All other deaths were felt to be secondary to a
progressive primary disease or multisystem failure.
Because of the extreme fragility of our youngest ba-
bies, we have found a higher percentage of these pa-
tients do not survive; 36 % of the premature babies
died.®

DISCUSSION

There are several points which are of interest in
reviewing these patients. As noted above, there is a
higher proportion of females than in many of the
previous studies. The significant preponderance of
tracheotomy performed for infectious disease noted

Fig. 1. Technique used in infant tracheotomy. A) Incision in the midline with the use of hemostats as retractors. B) Traction
suture above the thyroid isthmus. C) Suture behind the isthmus for easier dissection from the trachea. D) Elevation of the
isthmus. E) Laddering downward of the traction suture. F) Cleaning of the trachea with cotton swabs. G) Stay sutures
placed on either side of the midline between rings 3 and 4. H) Incision of the tracheal wall, to the mucosa, with a knife blade
pointing superiorly. Mediastinum protected with a retractor. I) Use of the traction sutures to hold the incision open. J) Place-
ment of the neonatal tube with a small flange; traction sutures taped to the chest. (Note: The thyroid isthmus reaches the sec-

ond tracheal ring by the seventh week of fetal life.)
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Fig. 2. Age incidence of tracheotomy under 12 years of age.

in previous studies has changed. Tracheotomies are
not being performed for epiglottitis at The Chil-
dren’s Memorial Hospital today. We very rarely
find it necessary to tracheotomize a patient second-
ary to laryngotracheobronchitis.® We are tracheot-
omizing many more very young and premature in-
fants. It is possible that the change in emphasis on
the indication for tracheotomy may relate to the
change in sex distribution.

As our technology and skills in salvaging the pre-
mature and damaged child improves, the number
of candidates in the youngest age group will, of
course, increase. The youngest babies seemed to be
carried for longer periods of time with endotracheal
tubes in place than many of the older children. If
our cardiac surgeons foresee a prolonged period of
ventilation for a patient, they will request a trache-
otomy after one or two weeks of intubation. The
neonatologists, however, will frequently keep small
infants intubated for a period of months. Only two
of the premature infants have been successfully de-
cannulated, whereas 13 of 21 children with congen-
ital cardiac disease are decannulated. (Cardiac pa-
tients who have poor mucosal microcirculation
might be expected to have more mucosal damage
and a poorer chance for decannulation but this was
not the case.) On the average, the patients with
congenital cardiac disease were older, at least by
gestational age, and larger in size than the prema-
ture infants. To begin with, the larynx in the older
group is larger. This, and the fact that they were
tracheotomized after a much shorter period of intu-
bation, are the factors that may be significant. The
prolonged need for a tracheotomy does not seem, to

us, a complication of the tracheotomy procedure
itself, but a complication of either the child’s pri-
mary disease or of the prolonged period of intuba-
tion necessitated by that disease. If the smaller in-
fants had been tracheotomized earlier it is possible
that many of them would be decannulated at this
point. In the home institution it is possible for the
laryngologist to emphasize the need for the smallest
endotracheal tube which can successfully ventilate
the patient. It is not, however, possible to control
this in patients transferred from multiple referring
institutions. Many of these patients arrive with dis-
proportionally large endotracheal tubes for the size
of the child and significant laryngeal damage from
those tubes.

The problem of tube displacement within the
first 24 to 48 hours after the tracheotomy can be
avoided by paying close attention to the tubes at the
time the patient is moved from the operating table
to the litter. If heavy ventilating equipment must be
attached to the tracheotomy tube, it must be well
supported externally so that it does not place torque
on the tube itself. The pediatric tubes are quite flex-
ible and the drag of heavy equipment can easily
twist them out of the trachea. The division of the
thyroid isthmus and the presence of stay sutures are
important precautions to allow replacement of the
tube with ease by whomever is present should an ac-
cidental decannulation occur. Keeping the dissec-
tion entirely in the midline and away from the me-
diastinum aids in preventing problems with pneu-
mothoraces and pneumomediastina. Many of our
patients have significant pulmonary disease and
they have some hyperinflation of the lungs. It is not
unusual to visualize the cupula of the lung in the
lateral aspect of the operating field. In the three
emergency tracheotomies there were no major com-
plications of the procedure itself. It is, however, a
procedure to be avoided whenever possible by pru-
dent evaluation of any critical airway and place-
ment of either an endotracheal tube or a broncho-
scope.

SUMMARY

The records of 123 tracheotomized patients have
been evaluated. The proportion of children treated
in the first year of life is quite high. The use of tech-
niques specifically designed for small infants can
help avoid complications. The use of the neonatal
tracheotomy tube allows a better fit for the small
infant.
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LARYNGEAL PARALYSIS IN CHILDREN
A LONG-TERM RETROSPECTIVE STUDY

SEYMOUR R. COHEN, MD
JEFFREY W. BIRNS, MD

KENNETH A. GELLER, MD
JEROME W. THOMPSON, MD

Los ANGELES, CALIFORNIA

The charts of 100 children with laryngeal paralysis were reviewed. The patients in this study had either unilateral or bilateral abduc-
tor vocal cord paralysis. The literature and pathophysiology are reviewed. A statistical analysis of each group of patients according to
etiology is reported. The follow-up, progress and recovery are detailed. The need for observation and conservative therapy is reinforced by
the tendency for spontaneous recovery. Suggestions regarding treatment are given.

INTRODUCTION

The records of 100 infants and children with the
diagnosis of laryngeal paralysis were reviewed.

Paralysis of the larynx is an important considera-
tion in the differential diagnosis of airway obstruc-
tion, voice change and aspiration syndromes. The
early recognition of this problem and the applica-
tion of appropriate therapy will prevent potential
life-threatening sequelae from hypoxia, anoxia or
contamination of the lower respiratory tract.

This retrospective study reviews the literature
and pathophysiology of laryngeal paralysis, sum-
marizes the neuroanatomy, analyzes the historical
data of these children, details the endoscopic find-
ings in the larynx and studies the changes which oc-
cur over a period of months and years. The treat-
ment of the child with a paralyzed larynx is ana-
lyzed and the details are reported. There is no simi-
lar study of long-term follow-up in the otolaryngol-
ogical literature.

LITERATURE REVIEW

The otolaryngological and surgical literature is
replete with papers on the subject of laryngeal pa-
ralysis in the adult patient. Fewer studies have been
written on this problem in children and there are
none which give an intensive long-term follow-up
or detail the outcome of the infant and child with a
paralyzed larynx. Clerf' in 1953 reported a series of
293 patients with unilateral vocal cord paralysis.
Ten percent of the patients in this review had paral-
ysis of congenital origin. The left recurrent nerve
was involved two times more often than the right.
Of the 19 patients with congenital paralysis, 13 had
bilateral associated with various anomalies such as
meningomyelocele, hydrocephalus, congenital heart
disease and tracheoesophageal fistulae.

Cunning? in 1955 estimated that 10% of the uni-
lateral cases of paralysis were caused by tumor, ab-
scess, bulbar paralysis or by vascular accident and
intracranial disease prior to the nerve leaving the
skull. In his estimation 90% were caused by peri-
pheral lesions along the course of the recurrent la-
ryngeal nerve.

Holinger and Brown’® in 1967, in a paper on con-
genital anomalies of the larynx, state that paralysis
of one or both vocal cords in the newborn infant is
usually a serious laryngeal manifestation of a gross
anomaly of another organ system. These authors
felt that bilateral vocal cord paralysis was rarely
seen in an otherwise normal infant and that it was
associated with cerebral agenesis, severe mental re-
tardation, meningomyelocele and birth trauma.

Morse* in 1969 reported on paralysis of the larynx
and gave the etiological factors as follows: 90%
were due to trauma, neoplasms, cardiovascular dis-
ease, infections, toxins, heavy metals, and drugs;
10% were idiopathic.

Goff® in 1970 analyzed 229 cases of laryngeal pa-
ralysis and divided the etiology into congenital and
acquired, unilateral or bilateral and sudden or
gradual.

Bluestone et al® in 1972 reported 12 patients with
vocal cord paralysis associated with hydrocephalus
and meningomyelocele. Six of the 12 patients died
during the first year and 2 died during the second
year of life. Only 3 of these 8 patients had been tra-
cheotomized. Paralysis of the larynx was described
as being due to 1) compression of the vagus nerve, 2)
traction of the cervical rootlets of the vagus nerve
by caudal displacement of the brainstem and 3) brain-
stem dysgenesis.

Kirsch et al’ in 1967 reported five patients with
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abductor paralysis of the larynx in association with
meningomyelocele with Arnold-Chiari malforma-
tion and hydrocephalus. These authors felt that a
tracheotomy was necessary to relieve airway ob-
struction until the hydrocephalus could be con-
trolled by ventricular taps and shunting procedures.
Restitution of laryngeal function in their patients
appeared to be dependent on reducing intracranial
pressure.

Fearon and Ellis® in 1972 reported a series of 28
cases of vocal cord paralysis; 30% were bilateral,
70% were unilateral. Seventy-five percent had symp-
toms at birth and were diagnosed prior to 6 months of
age. The etiology of the paralysis was neurogenic,
meningomyelocele with hydrocephalus, birth trau-
ma, cerebral agenesis and spastic paralysis. Thirty
percent of the patients in this study required a
tracheotomy.

Hengerer and Tucker’ in 1973 described the use
of a nerve pedicle graft using a motor branch with
sternohyoid muscle to restore abduction in the pa-
ralyzed canine larynx.

Tucker’® in 1975 described the use of the ansa
hypoglossiomohyoid muscle pedicle graft to restore
innervation of the paralyzed larynx in the human.
He states that should this procedure fail, an aryten-
oidectomy may still be used.

Gacek'! in 1976 reported a family in which the
father and two sons had hereditary bilateral vocal
cord paralysis; another 4 siblings, 1 male and 3 fe-
males, were normal. His patients also had other
neurological findings later in life indicating possible
association with the laryngeal defect.

Whitaker and Griffith'? in 1977 reported three
patients receiving vincristine and vinblastine, who
developed hoarseness and were found to have recur-
rent laryngeal paralysis. In none of these patients
was airway obstruction a problem. The incidence of
side effects of these drugs in adults is three times
greater than in children.

Holinger et al'? in 1978 reviewed 21 infants and
children with respiratory obstruction and apnea
who had bilateral abductor vocal cord paralysis as-
sociated with meningomyelocele, hydrocephalus
and Arnold-Chiari malformation. Tracheotomy,
while relieving airway obstruction, did not stop the
abnormal respiratory pattern or apnea and cyano-
sis. Fifteen of the 21 patients required a tracheot-
omy; 5 children died of significant apnea and all 5
had been tracheotomized. Ten patients had chronic
aspiration from dysphagia. Autopsy on one patient
revealed a paucity of neurons and degeneration of
residual neurons in the nucleus ambiguus.

Ishak et al'* in 1980 reported on the intraopera-
tive dysfunction of the autonomic system in Arnold-
Chiari malformation. Kinking and herniation of the
brainstem is thought to cause impairment of its

blood supply and the resultant ischemia leads to bi-
lateral abductor vocal cord paralysis. Most of the
signs of dysfunction are reversed with lowering of
the intracranial pressure with ventriculoperitoneal
shunting or decompression of the posterior fossa.
Reduction of intracranial pressure by shunting or
revision of a malfunctioning shunt may not relieve
the apnea or bradycardia even with a tracheotomy.

Cohen et al*® in 1977 reviewed 124 records of neo-
nates requiring endoscopic procedures. Reported
were 29 patients with vocal cord paralysis. The
etiology of the paralysis was idiopathic in 25, 4 were
associated with central nervous system (CNS) dis-
ease and 1 of these 4 had an associated meningo-
myelocele. Of the 4 patients born by breech deliv-
ery, 1 had a recurrent vocal cord paralysis. Of the
17 children born by cesarean section, 6 had vocal
cord paralysis. Thirteen of the 29 patients with
laryngeal paralysis required a tracheotomy.

Cohen'® reported on the effectiveness of aryte-
noidectomy in children and performed this surgery
in the preschool age period.

Pathophysiology. Dedo'’” in 1970 gave a detailed
evaluation of laryngeal paralysis in humans and
dogs. His work amply reinforces the following facts
experimentally produced in dogs. 1) Section of the
recurrent nerve causes momentary spasm with sub-
sequent paralysis of the vocal cord in the parame-
dian position often with the arytenoid tilted for-
ward. As the true cord becomes completely immo-
bile, it lengthens and adducts slightly with each
subsequent phonation. 2) Section of the superior la-
ryngeal nerve with an intact ipsilateral recurrent la-
ryngeal nerve always led to little or no visible
change in the contracture of the vocal cords. How-
ever, the cricothyroideus muscle stopped contract-
ing after spasm at the moment of dissection. 3) Sec-
tion of the recurrent laryngeal nerve followed by ip-
silateral section of the superior laryngeal nerve
caused the essentially immobile cord in the parame-
dian position to become completely paralyzed in the
more lateral position.

Gilmer et al'® in 1970 reviewed the histological
findings in two patients and confirm the modern
concept of laryngeal paralysis.

Kirsch et al’ gave a detailed study of laryngeal
paralysis in association with meningomyelocele, hy-
drocephalus and Arnold-Chiari malformation in
five patients. They gave an excellent review of the
pathophysiology which follows in capsule form.
Krause' in 1884 reported aphonia in dogs after bi-
lateral extirpation of the gyrus precrucialis. Cush-
ing®® described coordinated laryngeal movements
incidental to stimulating the human cortex at its
caudal extremity adjacent to Broca’s area. It was
Foerster’' who postulated the necessity of a bilateral
lesion as a requisite to supranuclear laryngeal dis-
turbances. Semon and Horsley** defined the topog-
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raphy of the medullary laryngeal centers in dogs by
correlating regional stimulation along the floor of
the fourth ventricle with direct laryngoscopy.

Furstenberg and Magielski*® confirmed and ex-
tended these observations and defined the func-
tional pattern of cerebral organization in the pri-
mate nucleus ambiguus. This nuclear group is con-
sidered a substrate for peripheral motor innervation
for the ipsilateral branchiomerically derived skele-
tal muscle of the larynx, esophagus and pharynx in
both primate and the human. The human nucleus
ambiguus is an elongated structure approximately 2
cm in length and 0.3 cm in width and extends from
the upper border of the medulla and stria medullo-
sis caudalward to the level of the motor decussation.
The small rostral segment of the nucleus is the so-
matomotor center for palate and pharynx, with a
motor outflow via the glossopharyngeal and cepha-
lad vagal rootlets. The larger caudal extent of the
nucleus ambiguus subserves laryngeal function ex-
clusively and mediates its effect via the vagus nerve.
The four paired groups of muscles responsible for
vocal cord movements and one unpaired interaryte-
noid muscle group have discreet regional represen-
tation within the nucleus ambiguus.

Pressman and Keleman®* in 1955 presented evi-
dence that laryngeal muscles were innervated by
two branches of the vagus nerve, the recurrent and
the external branch of the superior laryngeal nerve.
The latter nerve, which supplies the cricothyroideus
muscle, a cord tenser and adductor, originates from
the cell bodies situated in the central portion of the
laryngeal segment of the nucleus ambiguus. The
posterior cricoarytenoideus which functions as a
vocal cord abductor is innervated by the recurrent
laryngeal nerve fibers derived from cells located im-
mediately subjacent to the cricothyroid cell group.
The remaining arytenoid muscles receive their
nerve supply from the most caudally disposed cells
within the nucleus ambiguus through the recurrent
laryngeal nerve.

Murtagh and Campbell*® observed that adductor
fibers continue to propagate action potentials de-
spite a chemical or thermal blockade sufficient to
paralyze abductor function. In addition, the chro-
naxy of adductor fibers, one of the most rapid thus
far identified (0.1 ms) is tenfold shorter than that
found in fibers subserving abduction.

METHOD

This study is an analysis of the charts of 100 children with la-
ryngeal paralysis treated at the Childrens Hospital of Los Angeles.
The charts were chosen at random by the record room personnel
and it is estimated that there is an equal number of children who
had laryngeal paralysis who had been treated but are not in-
cluded in this review.

All of the children were examined by the authors and two other
senior endoscopists. The direct laryngoscopy was performed
either awake or with the use of a light general anesthetic. The pa-
tient breathed spontaneously during the examination. The spec-

ulum of the laryngoscope was placed into the vallecula and the
sensory and motor function of the larynx was evaluated. In chil-
dren who had a tracheotomy, the tube was always occluded in
order to observe laryngeal mobility. Bronchoscopy was performed
in all children to evaluate the tracheobronchial tree and to per-
form the tracheotomy when it was necessary. The larynx was ex-
amined at monthly intervals whenever possible.

FINDINGS

The findings as a result of this study are related to
the sex of the patient, etiological factors, the onset
of the disease, the type of pregnancy of the mother
and the type of delivery of the child, symptoms re-
lated to the disease, the type of paralysis and the
vocal cord position, the need for a tracheotomy and
the age of decannulation, the preoperative diagno-
sis, the neurological status of the patient, the con-
genital and associated anomalies, the course and
progress of the disease with statistics on recovery
and resolution.

The results of this study are divided into the
above statistical analysis related to all children as a
group and then are presented in detail according to
each specific etiological factor.

Sex. In this study, 59 patients were male and 41
patients were female.

Etiological Factors. The causes of laryngeal pa-
ralysis were as follows. Central nervous system dis-
ease occurred in 18 % of the patients. Meningomye-
locele with Arnold-Chiari malformation and usual-
ly with an associated hydrocephalus occurred in
14% of the patients. Birth trauma accounted for
19% of the paralyses; surgical and blunt trauma to
the neck caused 11% of the paralyses; idiopathic
causes were noted in 36 % of the patients; a tumor,
ie, a neuroblastoma of the neck, was the cause for
paralysis in one of the patients and a familial cause
was found in one patient.

Onset of Paralysis. The mean age of onset of
laryngeal paralysis in all etiological categories was
38 days. Fifty-eight percent of the paralyses oc-
curred within the first 12 hours of life, 66 % by the
second day of life and 80 % within the first 36 days
of life.

Mother’s Pregnancy. The mother’s pregnancy
was completely normal in 77% of the children in
this study. The pregnancies were abnormal in 23% .
The abnormalities were premature labor, abruptio
placenta, placenta previa, abnormal bleeding, ec-
lampsia, maternal diabetes, drug overdose and hep-
atitis.

Type of Delivery. The child’s delivery was com-
pletely normal in 65% of the patients. Thirty-five
percent of the children had complicated deliveries
with cesarean section in 15 and forceps delivery in
20. The complicated deliveries were usually due to
abnormal presentation of the infant. Of the chil-
dren born by cesarean section, 43 % presented with
bilateral abductor vocal cord paralysis and 57 %
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with unilateral vocal cord paralysis. Of the 20 born
by forceps delivery, two thirds had bilateral abduc-
tor vocal cord paralysis and one third had unilateral
vocal cord paralysis.

Symptoms. Stridor was prominent in 71% of the
children, obstruction occurred in 44 %, dysphonia
was seen in 35%, dysphagia occurred in 38 % and
aspiration was seen in 14 % of the patients.

Type of Paralysis. In patients of all categories,
unilateral paralysis occurred in 38%. In five pa-
tients the side was not specified. In 33 of the pa-
tients in which the side was recorded, the right side
was involved in 21% and the left was involved in
79% . Bilateral abductor vocal cord paralysis oc-
curred in 62% of the patients.

Vocal Cord Position. In the group of 100 pa-
tients, the vocal cords were in the median position
in 43% of the patients, paramedian in 30 %, lateral
in 5% and 23% were normal.

Tracheotomy. A tracheotomy was not necessary
in any patient with unilateral vocal cord paralysis
except when another obstructive lesion or aspira-
tion problem was present. In 62 patients with bilat-
eral abductor vocal cord paralysis, 45 (73%) re-
quired a tracheotomy. The mean age at which tra-
cheotomy was performed varied with the etiology
of the paralysis. The mean age of performing a tra-
cheotomy in children with laryngeal paralysis in all
categories was 34 days. In 89% of the patients who
required a tracheotomy, the procedure was per-
formed at the time the diagnosis was confirmed.

Of the 45 patients with tracheotomy, only 43
charts had a statement regarding decannulation.
Fifty-four percent of these patients were decannu-
lated within a mean period of 33 months. The re-
maining patients were lost to follow-up. Decannu-
lation was readily accomplished in all five patients
who had an arytenoidectomy. In those patients who
had either congenital or postintubation subglottic
stenosis, decannulation was delayed by this compli-
cation although the paralysis had recovered.

Preoperative Diagnosis. The preoperative diag-
nosis as determined by otolaryngologists was as fol-
lows: laryngomalacia in 11 %, subglottic stenosis in
10% , vocal cord paralysis in 48 % and stridor of un-
determined origin in 26 % . A specific diagnosis was
not made in 5% of the patients. A specific diagnosis
could only be confirmed by direct laryngoscopy.

Neurological Abnormalities. Laryngeal paralysis
was of neurological origin in 33% of the patients.
The neurological abnormalities were as follows:
hypotonia (floppy child), Mébius’ syndrome, neuro-
genic arthrogryposis multiplex congenita, Charcot-
Marie-Tooth disease, cerebral palsy, hypoxic en-
cephalopathy, Arnold-Chiari malformation with
meningomyelocele and one patient with necnatal
meningitis who had an associated laryngeal paraly-
sis.

Congenital Anomalies and Associated Abnormal-
ities. The congenital anomalies associated with la-
ryngeal paralysis were pulmonary in 12, cardiovas-
cular in 10, esophageal in 10, cervical abnormalities
in 6, bronchial anomalies in 4 and meningomyelo-
cele in 14 patients. One patient with meningomye-
locele in this group did not have hydrocephalus.
Other associated abnormalities were congenital
subglottic stenosis, Pierre-Robin syndrome, hemi-
vertebrae and urinary tract abnormalities.

Course and Progress. The mean age of resolution
of the paralyzed larynx in all categories was 21.4
months. One third of the patients were followed for
a mean of 35.2 months. In 33% of the patients, ob-
servation showed that there was a gradual change
from paralysis to paresis progressing to complete
recovery.

Recovery occurred in 48 % of all patients. Thirty-
three percent of the bilateral abductor vocal cord
paralysis patients (21) recovered completely. Forty-
four patients were lost to follow-up, almost all of
them unilateral paralysis patients and many of
them having been endoscoped only on one occasion.
Of the 38 patients with unilateral paralysis, 13 were
known to have completely recovered.

DATA RELATED TO SPECIFIC ETIOLOGY

Central Nervous System Disease. There were 18
patients in this etiological category. The mean age
of onset was ten days. A tracheotomy was required
in 12 of the 18 patients. The mean duration of a
tracheotomy in this group was 48 months. Bilateral
abductor vocal cord paralysis was present in 14 pa-
tients, unilateral paralysis was present in 4 patients.

Sixty-six percent of all patients recovered. Three
of 4 patients with unilateral paralysis recovered
completely and 1 died of apnea due to CNS disease.
Of the 14 patients with bilateral abductor vocal
cord paralysis, 5 completely recovered, 4 partially
recovered, 3 did not recover and 2 of the patients
had no information regarding recovery. The mean
follow-up period of this group was 64.4 months, the
mean age of recovery was 26 months, the mean dur-
ation of a tracheotomy was 48 months. Seven of the
12 tracheotomized patients were decannulated.

Birth Trauma. There were 19 patients in this
category. The mean and median age of onset of
symptoms was 5.6 days. A tracheotomy was re-
quired in six (31 %) of the patients. The mean dura-
tion of tracheotomy in 4 of the 6 patients was 49
months. In two patients there was no follow-up
available. Paralysis in this group was bilateral in 12
(63%) and unilateral in 7 patients (37%).

Nine of the 19 patients are known to have recov-
ered. In ten of the patients there was no informa-
tion available regarding recovery. Of the seven pa-
tients with unilateral paralysis, one completely re-
covered. No information was available in six pa-
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tients. There is no record of patients showing par-
tial or no recovery in this group. Of the 12 patients
with bilateral paralysis, 5 recovered completely, 3
recovered partially and 4 had no available informa-
tion. The mean follow-up period was 25 months.
The mean age of recovery was 29 months. The
mean duration of a tracheotomy was 49 months.

In this group of 19 patients, 8 were delivered
with forceps, 9 were delivered by cesarean section,
1 patient by breech delivery and 1 patient presented
with shoulder dystocia. All of these patients had
been the product of a normal pregnancy. Nine of
these patients had respiratory problems at the time
of the delivery and three had been intubated at the
time of birth. When only partial recovery occurred
in this group, it was usually on the left side. When
recovery was complete, it was always on the right
side.

Meningomyelocele. There were 14 patients in
this group. The mean age of onset of symptoms was
47 days. A tracheotomy was required in 71 % of the
patients. The mean duration of the tracheotomy
was 37.2 months. In 13 patients (93%) paralysis
was bilateral and in 1 patient it was unilateral. Re-
covery was noted only in the bilateral vocal cord
paralysis patients. No information regarding recov-
ery was available in the one patient with a unilat-
eral paralysis. Of the 13 patients with bilateral ab-
ductor vocal cord paralysis, 6 completely recov-
ered, 2 partially recovered, 3 did not recover and 2
had no information available regarding recovery.

The mean follow-up period was 37.9 months.
The mean age of recovery was 21.5 months; the
mean duration of a tracheotomy was 37.2 months.
Of the 14 patients, 7 were decannulated, 3 were not
decannulated and 4 of the patients were lost to fol-
low-up.

Idiopathic Category. There were 36 patients in
this group. The mean age of onset of paralysis in
this group was 53 days. A tracheotomy was per-
formed in ten patients (28%). The mean age of de-
cannulation of these patients who were followed
was 33.5 months.

Paralysis in this group was bilateral in 19 patients
(53%) and unilateral in 17 patients (47 %).

Recovery of motion of the vocal cords was as fol-
lows. In the unilateral group of 17 patients, com-
plete recovery was noted in 4. No information was
available in 12, 0 had partial recovery and 1 did not
recover. Of the 19 patients with bilateral abductor
vocal cord paralysis, 4 completely recovered, 7 par-
tially recovered, 3 did not recover. No information
was available in five of these patients. The mean
age of follow-up was 75.6 months and the mean age
of recovery was 13 months.

Six of the ten patients who were tracheotomized
were decannulated, 1 patient died of overwhelming

sepsis. Two patients are still being followed and one
patient was lost to follow-up.

Surgery. There were nine patients in this group.
In eight patients the paralysis followed repair of a
tracheoesophageal fistula and/or atresia. One pa-
tient developed paralysis following ligation of a pa-
tent ductus arteriosus. The mean age of onset of
symptoms in this group was 42 days. A tracheotomy
was required in three of the patients. The mean
duration of a tracheotomy was 28 months.

The type of paralysis was bilateral in four and
unilateral in five. Of the 5 children with unilateral
paralysis, 1 completely recovered and 4 had no in-
formation available regarding recovery. Of the 4
patients with bilateral vocal cord paralysis, 2 com-
pletely recovered, 1 partially recovered and 1 had
insufficient information regarding recovery.

The mean follow-up period in this group was
33.3 months. The mean age of decannulation was
28 months. Three of the nine patients had a tra-
cheotomy. One child still has a tracheotomy and
two have been decannulated.

Blunt Trauma. There were three patients in this
group. One of the patients required a tracheotomy.
In two of the patients, the paralysis was bilateral
and in one it was unilateral. The tracheotomized
child was lost to follow-up. In two patients in
whom there was adequate follow-up, the mean dur-
ation of the paralysis was 6.5 months.

Familial Group. In this category of one patient, a
female, the paralysis was bilateral. A tracheotomy
was performed at the age of 14 months. An aryte-
noidectomy was performed at age 5 years and 1
month. The patient was decannulated three months
later. The symptoms in this child were chiefly stri-
dor with obstruction to the airway. This patient
had the early diagnosis of arthrogryposis multiplex
congenita which later, after further neurological
developments, was diagnosed as Charcot-Marie-
Tooth disease. This patient is still seen periodically
almost 11 years after her arytenoidectomy and has
had multiple orthopedic procedures requiring intu-
bation.

Tumor. There was one patient in this group. His
diagnosis was a primary neuroblastoma of the neck.
The age of onset of symptoms in this child was 1
month. Two weeks following the diagnosis a tra-
cheotomy was performed and was necessary for 17
months. The paralysis was unilateral and on the left
side. This patient had been intubated prior to his
tracheotomy and developed a laryngeal subglottic
stenosis. He also had a mild form of laryngomala-
cia. The left vocal cord paralysis never recovered.

TREATMENT

The patients who have laryngeal paralysis re-
quire close observation. To prevent chronic hypoxia
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and brain damage a tracheotomy is mandatory in
children with an inadequate airway. One should
not await the development of cyanotic episodes be-
fore instituting an artificial airway. Isolated unilat-
eral paralysis requires no treatment. Even when
there is no recovery, compensation by the normal
vocal cord gives adequate phonation except when
the paralysis is in the lateral position.

In patients with bilateral abductor vocal cord pa-
ralysis due to meningomyelocele with Arnold-
Chiari malformation, tracheotomy should not be
performed until a shunt procedure has been done.
The airway may be supported by a small endotra-
cheal tube. If a functioning shunt tube does not
clear the paralysis, a tracheotomy should be per-
formed. This is especially necessary in children who
display severe aspiration or apnea spells. The
authors have seen a number of patients in whom
shunt failure recreated bilateral abductor vocal
cord paralysis. When the shunt tubes were revised
and became functional, the vocal cord paralysis re-
solved.

In children who had arytenoidectomies per-
formed, uniformly good results were obtained. The
voice was excellent and an adequate airway was ob-
tained so that decannulation was possible. Some ex-
ercise intolerance occurred in most of these pa-
tients.

A nerve pedicle reinnervation has not been done
in any of the patients in this study. There has been
no report of a large series of patients in the pediatric
age group in which this procedure was performed
successfully.

DISCUSSION AND CONCLUSIONS

The causes of laryngeal paralysis in the pediatric
population are different from those in the adult. In
the latter, unilateral vocal cord paralysis is the re-
sult of surgical procedures, trauma, neoplasia of the
neck and chest, CNS disease, peripheral neuropa-
thies and idiopathic causes. Bilateral abductor vo-
cal cord paralysis in the adult may be the result of
surgical injury, most often thyroidectomy, neuro-
logical disorders, malignancies of the neck and up-
per chest, in addition to other causes such as neuro-
pathies.

In children, in contrast to the adult, the major
causes of vocal cord paralysis, both unilateral and
bilateral, are birth trauma, CNS disease, meningo-
myelocele with Arnold-Chiari malformation and
hydrocephalus, idiopathic, surgical trauma and dis-
ease of the heart and great vessels.

A thorough examination of the larynx was per-
formed in all children with care to evaluate both
motor and sensory function. Cricoarytenoid fixa-
tion was excluded by direct palpation of the joint.
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