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Preface

On February 14th-16th, 2003, the New Orleans Academy of Ophthalmology
(NOAO) hosted its 52nd Annual Symposium, featuring Pediatric Ophthalmology
and Strabismus. Once again, the NOAO was able to attract the most innovative
and respected authorities in their field. Unique to this meeting, however, was the
appearance of three of the legends of Pediatric Ophthalmology and Strabismus
who have significantly contributed to the success of past NOAO Symposia. Marshall
M. Parks, Arthur Jampolsky, and Gunter von Noorden returned once again to this
year’s meeting. Watching both present and past luminaries discuss and debate
important topics was truly special. Additionally, we widened the scope of subjects
to include plastics, cataracts, and orbital disease as they pertain to Pediatric
Ophthalmology.

The speakers are to be commended for their inordinate efforts to bring this
meeting and book to fruition. Each speaker prepared multiple lectures and panel
discussions, and also participated in question and answer sessions. Their commit-
ment to preparing the chapters and discussions for this book will be evident to all
who read it.

We wish to thank all the speakers/authors for their efforts on behalf of the
NOAO and the readers of this publication. We also wish to thank Laurence W.
Arend, MD, President of the NOAO, and the Board of Directors, for supporting
this program and its publication. We wish to give a special thanks to Amber
Howell, Executive Director of the NOAO, for her tremendous organization and
creativity. Finally, we thank Kugler Publications for their editorial skills and timely
production of this book.

Robert J. Balkan, MD, George S. Ellis, Jr., MD, and H. Sprague Eustis, MD
Editors

noao2003-cont-pref.pmd 12/15/2003, 11:23 AM7
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President’s letter

On behalf of the Board of Directors of the New Orleans Academy of Ophthalmol-
ogy, I would personally like to thank the speakers and the program committee for
the success of the 52nd Annual Symposium on February 14th-16th, 2003. The editors,
Drs George S. Ellis Jr., Robert J. Balkan, and H. Sprague Eustis, have put together
a superb text that will serve as an important reference in the ophthalmic literature
for the benefit of the ophthalmic community of the present and future.

The New Orleans Academy of Ophthalmology was founded in 1951 as a result
of the combined wisdom and vision of the Chairmen of the Tulane and Louisiana
State University School of Medicine Ophthalmology Departments, Drs James H.
Allen and George Haik, Sr., together with the New Orleans ophthalmic commu-
nity. The first symposium was held in 1952 and invited speakers were Sir Stewart
Duke-Elder, Paul Chandler, and Peter Kronfeld. There have been six previous
symposia on ocular motility and strabismus, the first having taken place in 1955.
Dr Arthur Jampolsky has written a fascinating history of the New Orleans Acad-
emy meetings, which is included in this volume of the Transactions. I commend
it to the reader’s attention.

Special thanks are in order for the Eye, Ear, Nose and Throat Foundation, with-
out whose generous support neither the Transactions nor the meeting would be
possible. The Foundation was formed in 1981 to support the Eye, Ear, Nose and
Throat Hospital, which was founded in 1889 for the purpose of providing medical
care to the indigent population of New Orleans. The Foundation’s mission is to
provide funding for medical research and education for ophthalmology and oto-
laryngology, as well as direct patient care.

The driving force behind all our efforts is our Executive Director, Amber Howell.
The Transactions, the meeting, and our success in general, are in large part due to
her energy, creativity, and drive. She gently nudged and prodded us all along to
get the meeting organized on time, within budget, and with rave reviews by all
involved.

Thanks again to the program committee, who put together such a significant
symposium, to the editors of the Transactions, and most especially to the speakers,
without whom none of this would be possible.

Laurence W. Arend, MD
President, New Orleans Academy of Ophthalmology

noao2003-president.pmd 12/5/2003, 12:29 PM8
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History of the NOAO 3

At the Crossings: Pediatric Ophthalmology and Strabismus, pp. 3–14
Proceedings of the 52nd Annual Symposium of the New Orleans Academy of Ophthalmology,
New Orleans, LA, USA, February 14-16, 2003
edited by Robert J. Balkan, George S. Ellis Jr. and H. Sprague Eustis
©  2004 Kugler Publications, The Hague, The Netherlands

History of the New Orleans Academy of Ophthalmology

Arthur Jampolsky

The Smith Kettlewell Eye Research Institute, San Francisco, CA, USA

Once again, I am privileged and pleased to be asked to participate in this meeting
of the New Orleans Academy of Ophthalmology. I have been requested to com-
ment on the history of the Academy, and especially to focus on the several stra-
bismus symposia. The Academy has pioneered such symposia, and over several
decades, has crafted a unique spirit, content, and form of discussion that has be-
come very well known. I wish to thank Amber W. Howell, who kindly supplied
me with the historical material I requested.

It all started when two of the leaders of ophthalmology in New Orleans, Wil-
liam B. Clark and George Haik, invited James H. Allen from Iowa to join them in
promoting ophthalmology education goals in this great city. Right after WW II, Jim
Allen had organized a symposium on strabismus in Iowa City, which proved to be
immensely successful, and which included leading invited guest lecturers. An
important aspect of the success was the freewheeling panel discussions. Under Jim
Allen’s leadership, a New Orleans symposium was later organized which ampli-
fied the uniquely successful round table panel discussions which became more
informal, more entertaining, and of immense scientific and practical value (Fig.1).

Fig. 1.

James H. Allen, MD. William B. Clark, MD. George M. Haik, MD.

Address for correspondence: Arthur Jampolski, MD, The Smith Kettlewell Eye Research Institute,
2318 Fillmore Street, San Francisco, CA 94115, USA
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4 A. Jampolsky

Jim Allen soon became Professor Allen and was a fundamental driving force in the
formation of the New Orleans Academy of Ophthalmology.

The first New Orleans Academy Strabismus Symposium was labeled, Strabismus
Ophthalmic Symposium II, which Professor Allen explained as follows: “This vol-
ume (1958) is based on the second Symposium on Strabismus sponsored by the
New Orleans Academy of Ophthalmology. Insofar as possible the panel was com-
posed of the same group who had met some six years earlier in Iowa City, Iowa,
for the first symposium of this type.” Indeed, the panelists were the strabismus
leaders of the era: Francis Heed Adler, Harold Whaley Brown, Hermann Burian,
Frank Costenbader, Walter Fink, George Guibor, Philip Knapp, and Kenneth Swann.
The book was dedicated to Walter B. Lancaster and Richard Scobee. Professor

Fig. 2.

*Terminology with Extended Comments on the Position of Rest and on Fixation (Walter B.
Lancaster, M.D.).

noao2003-01.pmd 12/5/2003, 12:35 PM4



History of the NOAO 5

Allen reprinted two of Lancaster’s earlier papers on terminology, which appeared
as an appendix in the 1958 Strabismus II publication.*

An early New Orleans Symposium was on the subject of glaucoma and brought
together three world experts: Sir Stewart Duke-Elder, Peter C. Kronfeld, and Paul
A. Chandler (Fig. 2).

Aside from the practical scientific elegance of the glaucoma presentations, I
would like to share with you an unforgettable scene at one of the question-and-
answer discussion periods. Someone in the audience asked Dr Chandler a rather
long, involved, tripartite question – almost impossible to address. Dr Chandler
was a man of relatively short stature and he got up on his tiptoes, his head and
shoulders barely visible above the podium, paused for a long moment, looked at
the questioner, and said, “Yes!” and sat down. It was a wonderful answer, and a
memorable scene and lesson that I carry with me to this day.

Figures 3a and b depict the big, bold, and beautiful emblem, which is symbolic
of the New Orleans Academy of Ophthalmology. One of these noble emblems of
the Academy appeared on the program cover of the Symposium on Cataract, the
other on the Symposium on Glaucoma. In stark contrast to this noble academy emblem
introducing those symposia, was the Picasso-like drawing from outer space on the
cover of the first Strabismus Symposium (Fig. 4). The message appeared to be clear:
replacing the noble emblem with a far-out, somewhat undecipherable strabismic
drawing seemed to infer that one should simply let the crazy strabismus cults
gyrate and wave their hands in mortal combat. Now, some forty years later, I
believe that this deserves some comments. According to the Peter Principle, cata-
ract surgeons rise to their highest level of competency – that is, carpentry, when
they sort of rearrange the furniture at the front of the eye. There is not much to
strategize about, nor much to think about – just exercise a skill. And glaucoma
surgeons reach their highest level of competency as plumbers. Simply put, there
are two strategies – turn down the spigot, or flush fluids out better. A lot of
thinking is not really required. But the strabismus people have to deal with twelve
eye muscles. They have to know neurophysiology, as well as anatomy, and have
to devise strategies for the wide panorama of different types of strabismus cases.
And – they have to think. Most ophthalmologists know that thinking is painful,
and cataract and glaucoma surgeons have learned to avoid that pain. Oh, I forgot
the retina people. The retina surgeons are essentially hole closers – a different type
of carpentry altogether. Until relatively recently, retina surgeons paid little atten-
tion to the function of the retina, as long as it was surgically back in place. The
degree of residual functional vision was not really of much concern to the retina
specialist, since the patient would return to the referring doctor to do the monitor-
ing and refraction. In recent years, there has been an interesting retinal function
test developed that retinal surgeons did in fact begin to use. It was called the
“switch test”. The patient sits in the examining chair after surgery. The retinal
surgeon explains that the retina is now nicely back in place. He then goes to the
wall where the light switch is and asks the patient to, “Tell me if the light is on
or off” as he switches the lights. The switch test was an early retinal assessment
test devised by retinal surgeons, and admittedly, things have come a long way
since then.

Well, I guess I may have lost a few friends today by the above descriptions.
Figure 5 depicts the 1962 Strabismus Round Table participants – and, as you can

noao2003-01.pmd 12/5/2003, 12:35 PM5



6 A. Jampolsky

Fig. 3a.

Fig. 3b.

noao2003-01.pmd 12/5/2003, 12:35 PM6



History of the NOAO 7

see, the moderators are the three originators of the New Orleans Strabismus Sym-
posia.

Figure 6 depicts a third New Orleans Academy Strabismus Symposium, and
particular note should be taken of the program chairman, Dr Oliver H. Dabezies,
who played such a significant second-generation role for many years in organizing
these symposia.

Harold W. Brown (of Brown’s syndrome fame) (Fig. 7) was a magnificent stra-

Fig. 5.

Fig. 4.

noao2003-01.pmd 12/5/2003, 12:36 PM7



8 A. Jampolsky

Fig. 6.

Fig. 7. Harold W. Brown, MD.

noao2003-01.pmd 12/5/2003, 12:36 PM8



History of the NOAO 9

bismus diagnostician, who published sparingly in journals so that many of his
prime contributions appear in the New Orleans symposia, either in his lectures, or
in the delightfully informative discussions. For instance, Figure 8 depicts a method
of clinically recording, in a simple way, strabismus deviations and eye rotations in
different fields of gaze, as measured by cover test, as if you were observing the
patient with the patient’s right eye on the reader’s left, and the left eye on the
reader’s right. This recording method has been modified in many useful ways,
and was a significant departure from European methods that were primarily sub-
jective, such as the Hess screen. I would invite those interested in strabismus to
read Harold Brown’s lectures and round table discussions in order to capture the
flavor and spirit of this magnificent observer and person.

In preparing for my assigned topic of an historical review, I rummaged through
some of my own slides from that era, presented at one of these round tables (Fig.
9). At that time, esodeviations and exodeviations were lumped together in man-
agement discussions and in recorded results. This figure was meant to emphasize
that esos and exos were completely different animals, and that we should separate
the management concepts, especially the reported results of surgery. It seems al-
most unbelievable that, today, some strabismus authors still lump results together
and report “plus or minus ten prism diopters of deviation” as a good or fair – or
whatever – result. For example, in reporting the surgical results of childhood
esotropia, the above-lumped term would indicate that five prism diopters of eso-
phoria as a result, would eventually end up the same as five prism diopters of
exotropia, which is patently wrong. Strabismus management may have come a
long way since that era, but alas, not everyone has closed that circle.

As noted previously, the rather informal discussions, with active moderators
participating in the discussion of controversial topics, were and still are one of the
highlights of a New Orleans symposium. They have become extremely popular,
and have developed into an art form. I have selected some examples from some of
these early discussions, which I thought would be of interest as well as of amuse-
ment to current participants. Figures 10 and 11 describe some typical round table
exchanges. In one such exchange (Fig. 11), von Noorden posed the question of very
early surgery for infantile esodeviations. Dr Knapp’s often pithy remarks might
be directed at anyone. Von Noorden, as a polite moderator, evidently wanted to
drop this hot potato, a controversial issue at the time (as it still is today), by
deferring the question to me, but the answer (see Fig. 11) did not cool it down one
bit.

Figure 12 depicts Philip Knapp, one of the all-time greats in strabismology. He
was an uncanny observer of events, an innovative thinker, and a straight shooter.
His slides were few, at best typewritten and homemade, but his lectures were
superb. Phil was one of my closest friends, and one of my most severe critics.
When Philip and I first met in the early 1950s, there were no fellowship programs
in strabismus at the time. Unbeknownst to each of us, Phil devised his own fellow-
ship itinerary from New York, and I did the same from San Francisco. Our paths
crossed repeatedly and we kept track of which expert was good to visit, and who
should be passed by. My wife Peggy and I developed a close relationship with Phil
and his family, enjoying many meetings together throughout the world, and ex-
changing sharp opinions. One time after I gave a lecture, Phil told me that I lacked
a crucial synapse between brain and tongue.

Marshall Parks’ retorts at the New Orleans symposia were a bit more restrained,

noao2003-01.pmd 12/5/2003, 12:36 PM9



10 A. Jampolsky

Fig. 8. Case 2. Eye measurements at 12 years of age.

Fig. 9.

noao2003-01.pmd 12/5/2003, 12:36 PM10
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Fig. 10.

Fig. 11.

Fig. 12. Philip Knapp, MD.

Fig. 13. Phil Knapp and Marshall Parks, two-thirds of
the ‘working’ group.

such as, “There is certainly a difference of opinion.” That was one of the harshest
remarks of Marshall that I could find, he being a thoroughly Southern gentleman.
Marshall and I have developed an interesting relationship, which I like to term as
a respectful disrespect professionally, and the warm personal friendship between
our families has been most enjoyable during these many decades.

After one of the round table discussions, Phil Knapp, Marshall Parks and I

noao2003-01.pmd 12/5/2003, 12:36 PM11



12 A. Jampolsky

found ourselves unable to agree on such a simple and fundamental thing as what
constituted a reasonable statement of surgical cure. Not long after this, the three
of us found ourselves in Minaos, Brazil, since some of our small group wanted to
visit the famous little opera house built in this small town by descendants from the
USA. Marshall, Phil and I discussed the subject of the criteria for a strabismus cure
during lapses in good fishing on a boat on the Amazon, where we caught the
oddest-looking, prehistoric-like fish any of us had ever seen. We were serious
about trying to resolve the question of surgical cure criteria, which we decided to
call The Amazon Accord. Well, I can tell you that no accord was ever reached,
though we did meet several times for this purpose. There was a little table in a
cabin on the small boat, and we had a sort of small working group, taking turns
to lead the informal discussion among the three of us. On the third day, it was my
turn to lecture. I took a photograph of the audience (composed of Marshall and
Phil) during my presentation (Fig. 13). And I learned a completely different lesson,
namely that a working group consisting of three people works best if two of them
are asleep. And so, we never did present our attempted Amazon Accord at any of
the subsequent strabismus symposia.

I would like to share with you two short vignettes that occurred during these
symposia. During one round table discussion, Marshall Parks asked me, after I had
answered a question rather curtly, “Well Art, how do you really know that?” I
hesitated and replied, “I’m sorry, I thought you knew. I didn’t recognize that it
wasn’t well known, but the good Lord speaks to me on the first and third Sunday
of every month, early in the morning, and tells me these things quite directly. I feel
a bit guilty that you are all at somewhat of a disadvantage.” And Marshall very
quickly answered, “Art, I don’t remember speaking to you on the first and third
Sundays.” It’s tough to beat a man like that.

When I received this nice invitation to present some historical remarks at this
symposium, I was also asked if I could possibly find the sound motion picture clip
that I presented at the subsequent strabismus symposium after the above-described
Amazon Accord had occurred. After rummaging through several decades of old
motion picture film, my secretary finally found it. So I re-run it here. (The film
depicted a space machine soaring through celestial clouds, and a satellite view of
Earth, with my audio-modified deep voice coming through the clouds admonish-
ing Marshall to listen more closely to my statements. These words being pro-
nounced with this author sitting on a throne in a cloud, with a halo-decorated
head.)

The question-and-answer discussion periods of the New Orleans Academy sym-
posia were published verbatim, you could not change what you had said, which
produced some interesting documentations. In concluding, I would like to share a
short episode that reflects the attitudes and friendly atmosphere that prevailed. It
involves some correspondence that was conducted with the editors/publishers of
one symposium, and my lecture entitled, Some Uses and Abuses of Orthoptics. A
prominent part of this lecture was directed at the uses, which included some uses
that I felt perhaps some had not thought of. This was the body of the lecture. The
uses were confined to discussing my feelings that the sensory and motor exami-
nation of strabismus should be performed by the ophthalmologist, and these could
and should be done efficiently on repeated patient visits by the same observer,
allowing comparison of the initial diagnostic evaluation and the subsequent evalu-
ative examinations. I presented slides (Figs. 14a and b) that labeled the formal

noao2003-01.pmd 12/5/2003, 12:36 PM12



History of the NOAO 13

Fig. 14b.

Fig. 14a.

orthoptic diagnostic aides with three numbered blank paragraphs. It then went on
to discuss some good orthoptic training in some detail. The editors returned this
part of the manuscript to me with the comment that there must have been a typing
error, the three sentences regarding diagnostic uses having been left blank. It was
a very polite letter. I responded with an equally polite letter, thanking them, and
stating that it was not an error at all, but that I felt the three blank ‘uses’ would
speak louder than words about the diagnostic part of the problem, since I felt that
each ophthalmologist should carry out his own diagnosis. After all, the cataract
surgeon does his own anterior segment examination, and the retina specialist
performs the retinal diagnostic examination.

The editors sent back a stronger letter stating that they had a real problem
publishing my three blank sentences – and quite emphatically asking me to change
them. I responded in kind with the tone of my letter equaling that of theirs, but
pointing out that there was an agreement between the editors and authors that the
proceedings would be printed as spoken. Moreover that I understood their strong
feelings, and if they still felt that way, it would be perfectly all right with me if
they simply deleted the chapter, did not publish it, and sent it back. Well, I never
heard from them again. They published it – just as you can see in Figure 14. The
editors of the New Orleans Academy symposia lived up to their promises. Though

Chapter 19

noao2003-01.pmd 12/5/2003, 12:37 PM13



14 A. Jampolsky

their letter was strong, I have received stronger letters. A friend of mine once sent
me a telegram that stated, “Art, go to hell… strong letter follows.”

However, this was hardly the end of the episode just described with that boldly
stated title. I received a good deal of correspondence concerning that particular
chapter. I used to think that the truth will set you free. And actually, throughout
the years, I have learned that the truth will indeed set you free – free of some
colleagues and free of some friends.

Once again, I want to thank the past and present New Orleans Academy hosts
of these wonderful symposia, for allowing me to participate in this, my sixth
symposium, over many decades.

noao2003-01.pmd 12/5/2003, 12:37 PM14
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At the Crossings: Pediatric Ophthalmology and Strabismus, pp. 15–17
Proceedings of the 52nd Annual Symposium of the New Orleans Academy of Ophthalmology,
New Orleans, LA, USA, February 14-16, 2003
edited by Robert J. Balkan, George S. Ellis Jr. and H. Sprague Eustis
©  2004 Kugler Publications, The Hague, The Netherlands

History of pediatric ophthalmology and the American
Association of Pediatric Ophthalmology and Strabismus

Marshall M. Parks

George Washington University, Washington, USA

History of pediatric ophthalmology

The beginning of pediatric ophthalmology occurred in 1943 when Frank D.
Costenbader, a Washington, DC, ophthalmologist, restricted his practice of eleven
years to children. For some years, he had organized and supervised the Ophthal-
mology Department at the Children’s Hospital, through which residents from the
Episcopal Eye, Ear, Nose and Throat Hospital rotated.

Strabismus and amblyopia comprised the largest component of pediatric ocular
pathology in children, which accounted for Dr Costenbader’s interest and talent
developing in these areas. Already, the subspecialty of strabismus was recognized,
but not pediatrics. By Costenbader’s skill in introducing the importance of early
diagnosis and therapy into the management of strabismus, he revolutionized the
subspecialty by advocating examining and initiating therapy during infancy. This
produced a sea of change in strabismology and for the first time brought strabis-
mologists and pediatricians together.

During my training in 1946, it became apparent that ophthalmology was prima-
rily a geriatric specialty. Both the attendings and their trainees were obviously ill
prepared for examining and treating infants and preschool children; nor was there
any inclination manifest for improving their deficiency. Children were unwanted
as patients. From this observation came my resolve to change that scenario. After
learning about the only pediatric ophthalmologist in the world at that time, who
was located in Washington, DC, I contacted him. Dr Costenbader invited me to
visit, I accepted, which led to my becoming his first trainee in 1947; 55 years later
I am still part of the same program. Dr Costenbader retired in 1970 due to illness.

By 1947, Dr Costenbader had established an enviable reputation among strabis-
mologists as one with a fresh message. His new thoughts and techniques for ex-
amining infants and children, advocating surgery for what he called congenital
esotropia by one year of age, advocating symmetrical surgery, i.e., bimedial rectus
recession rather than recess-resect in one eye; one-day hospitalization; claiming
that binocular vision results from early surgery – all which were heresy to the
strabismologists of that era; he indeed got their attention. Pre-Costenbader, strabis-
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mus investigation and therapy conventionally began at school age. Ophthalmolo-
gists were neither trained nor interested in introducing a pediatric approach to
their routine for managing strabismus. Strabismologists of this era had no relation-
ship with pediatricians. It soon became apparent to strabismologists that, if they
were going to advance to the level of care provided by Costenbader, a pediatric
approach to their regime must be added. Also, those few of us early and eager
ophthalmologists who devoted their careers to children realized that the number-
one pathology with which we had to contend was strabismus. From these two
facts alone, it was obvious strabismology and pediatric ophthalmology needed
each other.

Strabismology is, by no means, exclusively a pediatric specialty. It also has a
large adult component. Which of the two sources for strabismus is the larger
component, is uncertain to this author. However, a large proportion of adult stra-
bismus is a continuum or return of pediatric strabismus. So, the pediatric ophthal-
mologist who chooses to follow the childhood strabismic patient throughout his
life becomes an experienced adult strabismologist as well as a pediatric ophthal-
mologist. Consequently, the reasonable method for managing the overall strabis-
mus problem has assumed the all-inclusive phrase of ‘pediatric ophthalmology
and adult strabismus’. This phrase correctly states what the subspecialty of stra-
bismus consists of. The clinical association for our subspecialty captures the es-
sence of this truth by having adopted the title: American Association of Pediatric
Ophthalmology and Strabismus (AAPOS).

History of AAPOS

Establishing a specialty requires trained manpower. Achievement of this goal re-
sults from establishment of a training program. At the Children’s Hospital in
Washington, such a program began in 1947. It had a duration of one year, included
one faculty member and one student, and was called a preceptorship. Soon, both
the faculty and student size doubled, tripled, quadrupled, etc., and became known
as a fellowship. Other fellowship training programs were also developing at that
time in both strabismology and pediatric ophthalmology, and many of our alumni
established pediatric ophthalmology programs as soon as they had completed their
training. Another training program, which began almost as early as Washington’s,
was at Toronto’s Sick Children’s Hospital under the direction of Jack Crawford.
It also became attractive to some fellows to split the year of training between two
or more programs. For example, Washington shared fellowship training with Wills
Eye Hospital in Philadelphia and with Smith-Kettlewell in San Francisco.

By the latter half of the 1960s, the number of Washington-trained pediatric
fellows had reached the critical mass to pressure for the formation of an alumni
association. This became a reality in 1969, with bylaws and plans to do big things
nationally for pediatric ophthalmology. We consisted of 24 members, and the cri-
teria to be included as an alumnus was to have completed six months in the
Washington fellowship program. We named ourselves the Costenbader Alumni
Society and agreed that success would be measured by doing something more
than simply meeting annually to express our good fellowship toward one another.
We inaugurated a national meeting of pediatric ophthalmology of three days,
choosing a different city each year, followed by a private alumni meeting of two
days. The first meeting took place in Washington in 1970, followed at yearly inter-
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vals in Miami, Hawaii, and Sea Island, Georgia, before recognizing that, despite
excellent attendance and financial success, our model of controlling the program
by the Costenbader Alumni Society engendered ill feelings between the Washing-
ton Group and other pediatric ophthalmologists. The following year, during the
1974 meeting in Los Angeles, we voted to end our exclusive policy, created a
national pediatric ophthalmology society to include everyone who practiced
strabismology or pediatric ophthalmology, and named it the American Association
of Pediatric Ophthalmology (AAPO). It was financed by the Costenbader Alumni
fund, including the upcoming 1975 meeting in Lake Tahoe, which had already
been scheduled. The charter membership of the AAPO would then establish their
bylaws, select their officers, and committee structure. Despite some naysayers, it
became an immediate success. The AAPO began a bimonthly journal, created an
editorial board, and most importantly, became the single voice that spoke for
pediatric ophthalmology. The annual meetings have become the richest source of
continuous education for the membership. The AAPO is related to the American
Academy of Ophthalmology (AAO), the American Academy of Pediatrics (AAP),
the American Board of Ophthalmology (ABO), the American Ophthalmological
Society (AOS), and the American Orthoptic Council (AOC).

At the business meeting in 1976, Dr Jampolsky proposed that the name be
changed to AAPOS, adding the importance of strabismology to the name that
initially included only pediatric ophthalmology. This very important proposal was
accepted forthrightly, and probably thwarted the possibility of creating another
competing association of strabismologists. In 1977, a bylaws change gave the or-
ganization its new name.

Only a few months ago, the AAPOS created a foundation which should improve
its position for garnering funds to institute new programs. The foundation known
as the National Children’s Eye Care Foundation (NCECF) is being folded into the
AAPOS; receiving its funds; assuming a new name; establishing a new board of
directors and officers – all selected by the AAPOS. The NCECF was formed in
Washington, DC, in 1970 as a not-for-profit 501(C)(3) corporation. Its mission was
to optimize the quality of life of infants, children, and families by fostering normal
development and protection of vision through promoting programs of prevention,
detection, treatment, research and education. The NCECF fulfilled its purpose by
funding post-residency fellowships: funding research dedicated to correcting
children’s eye disorders and diseases; sponsoring national symposia for profes-
sional medical personnel to further their knowledge of children’s eye care; and
conducting public education projects that promote early detection and treatment.

Having the AAPOS take over NCECF results in one foundation, possibly avoid-
ing competition between two foundations working on the same mission. There is
no doubt that the AAPOS is better positioned to become the dominant of the two.
Above all, there should only be one foundation dedicated to children’s eye care
nationally.

Annual meetings draw many foreign attendees by virtue of the AAPOS’ for-
eign membership status. Orthoptics membership status is also included. The char-
ter membership of the AAPOS was 78 in 1974. By 2002, this had increased to over
one thousand and it continues to increase at a rapid rate. What better proof could
we have of the need for a subspecialty of pediatric ophthalmology and strabismus
within the overall discipline of ophthalmology?
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Round table

One hundred years of experience

What I would have done differently and what needs to be done in the future

Moderator: Forrest D. Ellis, MD
Panel: Arthur Jampolsky, MD,

Marshall M. Parks, MD
Gunter K. von Noorden, MD

Dr Ellis: I was intimidated by this assignment, you can be sure of that. The only
salvation for me is that the only way to follow the act you just heard is with the
same characters in a different play, and at least I have been accorded that oppor-
tunity. Each of these gentlemen has been an outstanding student, and each has
been a credit to their mentors. Each has been a careful observer. Each has been able
to organize his observations, arrange them, and re-state them in many cases. Each
is articulate, as you just witnessed. Each has done his own research. They have
followed different paths, some more clinical, some more laboratory-oriented, but
they are all outstanding in their field, and they are all responsible for those of us
in this room who do something approaching what they do. They have trained
directly or indirectly virtually everyone in American ophthalmology today. Each
has learned presumably from his experiences and from his research, and has
changed the way he practices or the thought processes he has as he observes
patients with strabismus and other problems. And each presumably has arrived at
a pinnacle where he knows everything about his field at this particular time, ex-
actly how it should be done, and exactly what needs to be done in the future. I do
not suggest that they share the same pinnacle, but I think you just heard a touch
of that. I am going to ask each of them to reflect on his practice lifetime. We are
a little short of time, so we may be cut short on the question and answer session,
but I would like to ask Marshall Parks, first of all, if he would give us a little flavor
of how his practice evolved and what he would do differently today from what he
would have done a few years ago, and we will give each an opportunity in turn.

Dr Parks: My practice followed what I considered to be a great deficiency. What
was that deficiency? Well, that deficiency was noted when I was at the Great Lakes
Naval Hospital after returning from sea duty. Early on, right after the war, the
thing that was so apparent is that none of my colleagues, and I was new to oph-
thalmology, so I didn’t know exactly how it was, but none of my colleagues
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wanted to see children. And that bothered me. I love children. I had a lot of them.
I said, something is wrong here. This is a specialty that has to be changed. And
that is when I made a dedication to spend my life in ophthalmology in establishing
a recognizable subspecialty in that field. And then I very fortunately learned about
Dr Costenbader, and everything took over from there. Now you say, what would
be changed? I can’t think of a thing that I would want to be changed in my life.
I have appreciated being given the opportunity to do this. I am in such a degree
of love with all that, I just wanted to continue, and I don’t even want to retire
because I like it so much. What could I do better? About everything. But I think
I missed a lot in not having a residency, and I would certainly never advise any-
body to overlook that. I had a financial problem which created that in a large part
– I couldn’t afford a residency with the family I had. I have missed the disciplines
in developing as an ophthalmologist that I really should have had. And another
thing, I didn’t have any research background. I could never have done what
Gunter has done, and I don’t know how he really became so skillful at that. I
didn’t associate myself with a lot of colleagues to support research. That is an-
other deficiency. Jampolsky did. He had exactly the opposite model. So I was
wrong in some models that I pursued, somewhat because I had to. But, of course,
with effort I could certainly have had a department in ophthalmology, such as
Gunter had and Jampolsky had.

Dr Jampolsky: You told us we would have five minutes, and I will confine it to
less than that. May I have the slides, please? This shows a crowd of people at the
top and one of the crowd is saying, “It is so.” And down at the bottom here is one
of the crowd saying, “No way, no it isn’t, hell no,” etc., etc., etc. And that to me
depicts strabismus. And then there evolved some leaders. And here, up here, it
shows a leader, and it says, “It is so.” And then down at the bottom, they reacted
to that leader and said, “Yes, you bet, absolutely, it is so.” And that is what
happens with leaders. And the three of us sort of thought I guess that maybe we
were leaders. And I think they follow this dictum here. The chart shows that
people who are humble usually have much to be humble about. And if any of us
weren’t sure, we just were positive.

One of the things I think I would have changed earlier, to answer your question,
Daryel, is over here on the left depicting inferior oblique surgery. And I was
brought up getting inferior oblique at the origin through the lid incision, and that
was awful, and then I changed. Fink wrote his book on obliques. And so I mea-
sured it here and I measured there, and put sutures all over the place, and that got
a little tedious. Then I decided that maybe you didn’t need to do all of that. And
then I did a myectomy, and of course it bled like heck. And then we did myecto-
mies. The purpose of the operation, if it’s an inferior oblique that is really over-
acting and contracted and does not have a superior oblique overacting, but has a
superior oblique that is underacting, both, then there is one purpose to the opera-
tion. I said this many years ago. That is to annihilate it. On the right there you see
the appendix. When the appendix is over-reacting, you cut it out and throw it in
the bucket. When the inferior oblique is overacting, you do a myectomy and throw
it in the bucket, and that is the one procedure I have used for the last twenty or
thirty years. It has been a long time in pushing that one.

Formulas fixed and in fact. That is the title of a long, long lecture, but it is
something that I should have pushed a little earlier and a little harder. It is based
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on assumptions. One of these assumptions is that muscles are all of the same
quality. They are not equal and opposite. The diagrams are not right. They are fine
for their age, the anatomical diagrams, but there is a tremendous variability. As
you all know, you can do a small recess resect in an infant and resect the lateral
5 mm and find that adduction is -1 or -2 with a 5-mm resection; it happens. We
ought to be able to find that out before we do it. There are methods of doing that.
And intraoperative methods, spring-backs and forced ductions, and all sorts of
things, even in infants and certainly in adults. There are circumstances where, if
you want to give glasses to somebody, to a presbyope, you can send them down
to the five- and ten-cent store and Woolworths, Walgreen’s or whatever, and say,
“Here, try them out.” And you would be right in eighty percent of cases, maybe
even ninety, but it is that twenty percent that you work for, and the same with
strabismus. Yes, you can use formulas. Yes, you will be correct for the usual kinds
of muscles in the usual kind of cases, but if a kid has an A pattern, has a high plus,
though fully and adequately corrected, has a variable angle, a little neural deficit,
there are no formulas that will fix that one. So, one of the things that I battled
against for a long time is the millimeters of surgery, the elixir of life, and fountain
of youth. They escape us when we try to relate them to the deviations in many of
the cases.

From Ray Burke, who is one of the names you saw in one of the earlier things,
I think I learned the following. He was a huntsman. He said if you were hunting
for a better procedure and you are shooting at a target and are consistently below
it (this was the heyday of just bimedials of a modest amount for all esotropia,
regardless of the degree), raise your sights. That was a good lesson I learned from
Ray Burke. He was a wonderful, wonderful teacher.

They asked Charles Beard, the famous historian, if he could condense the his-
tory of history into a small chapter. And he said, “I can do it in four sentences.”
And one of them was, the mills of God grind slowly, but they grind exceedingly
finely. The second was, whom the Gods would destroy, they first make mad with
power. The third was, the bee fertilizes the flower it robs. And his last sentence
was, when it is dark enough, you can see the stars.

I thought that was the most eloquent condensation of history. And although I
wouldn’t even dare to try to equal it, I said, how would I summarize some of the
things that I hold dear. If thinking is kept in a rut in strabismus, it may deepen into
a grave. I think that we do not change our thinking frequently enough. Although
when you asked the question about what we should do, it was not confined to
strabismus. You asked what would we do differently, or not do again in the same
way. So I have one closing suggestion that is indelibly stamped in my mind from
my youth, and that is, don’t try to make love in a canoe.

Dr Ellis: Dr von Noorden, could I ask you for your interpretation of the last
several years, and for your regard for what needs to be done in the future.

Dr von Noorden: With regard to the basic question, what would you have done
differently, expecting some form of a confession of horrible things that have hap-
pened in my life that I wish I had done differently, I think this has to be put in its
proper context. I think the way we are doing things depends primarily on two
factors. One is what we absorbed and were very impressed by during our training
as residents and fellows, but those who stick with that for the rest of their lives are
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making a terrible mistake, because it is that fundamental knowledge that then
needs to be modified on the basis of additional experiences we make in our pro-
fession and what we learn from other people. So that, very often, very little of
what we learn in our residency really determines our current actions. And if you
have followed this and have adapted, in order not to become extinct, which is,
according to Darwin, the result of not being able to adapt, there shouldn’t really
be major reporters at the end of one’s career by saying, I wish, I wish I had done
it this way. I don’t have such reporters. I remember, for instance, the way I was
taught surgery, and since operating on the inferior oblique muscle, it is also one
of my favorite muscles to operate on, I remember how I was taught to do an
inferior oblique weakening procedure. The surgeon made an incision through the
skin over the inferior orbital margin. Blood welled out immediately. Then he stuck
a muscle hook into this wound and blindly turned it around, once in awhile pull-
ing out and looking at the tissue to see whether there were some muscle fibers in
it. When I saw this, I was actually speechless. It reminded me of a non-Italian
trying to eat pasta. Very similar types of motions took place there. What was even
more horrifying than to have to watch this surgery was to see the patient the next
morning who often had a bilateral periorbital hematoma, which frightened people
during grand rounds, so that a visiting professor from Europe asked, “Did this
patient have a basal skull fracture?” “No, but he had muscle operation yesterday.”
And he could not believe that. So, I think this is one thing.

The other thing is when you ask me what I see for the future, I wish for a
renaissance of the type of research we were doing in the 1950s and 1960s, into the
1970s, which was the meticulous study of the phenomena the patient exhibits,
shows us, tells us, wants to talk to us about. The examining chair to me has been
the finest laboratory I have ever worked in. It was me and my patient. And the
research was just watching, listening, observing, and coming to a conclusion. This
is the way you learn about disease. While there is constantly an enormous empha-
sis on prospective randomized studies which are, I am sure, very helpful in elu-
cidating the validity or usefulness of one therapy over another, they have not
brought us one iota closer to a better understanding of the diseases we are treating.
I am really shocked to open journals and no longer see, except for a few of these
studies, a few case reports, any work where people study scotomas, the depth of
suppression, anomalies, correspondence, the many, many aspects of amblyopia by
psychophysical or clinical research, for which you do not make much money. Let
us not forget that ninety percent of what we know now about binocular vision was
knowledge garnered with a few strings, a piece of chalk, a piece of paper, and
maybe a red glass and a candle, and that is all those people needed. And look what
they have been able to accumulate with that. So this is really one thing I would like
to pass on to the young academicians in pediatric ophthalmology. If they are
looking for research projects to do, there is plenty to do. And the research has not
stopped because we have answered all the questions, but because there has been
a lack of interest, a lack on the side of the teacher to encourage such research. It
has been taken over by the optometric profession and it has been taken over by
basic scientists who work in a total vacuum. I was recently at a meeting in Ger-
many and a renowned electrophysiologist, neurophysiologist, presented aspects
on amblyopia in primates, a person who didn’t know the basic clinical aspects of
this condition. So there needs to be cooperation and cohesion between basic sci-
ence and clinicians, and this is something I have been trying to cultivate in my
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environment, and I think it is probably one of the best things I have done. One
major regret I have is that I wasted so much time treating amblyopia with pleoptics
when I could have spent that time better learning golf when I was a young man
rather than at the age of 69.

Dr Ellis: I think that Dr von Noorden’s concluding words are also very timely. As
far as the time allotted to us is concerned, I am getting signals from George Ellis
that we are running a little over. I would like to keep them here all afternoon and
I know that, along with me, the audience must appreciate how fortunate we all are
to have these three gentleman leading our field over these last several years. Let
us hope they come back many times in the future.

Standing ovation
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Etiology of pediatric cataracts

Forrest D. Ellis

Zionsville, IN, USA

Introduction

Pediatric cataract remains a major cause of childhood blindness. It is estimated
that 200,000 children are blind from cataract worldwide. Twenty to forty thousand
children are born each year with developmental bilateral cataracts.1 Rubella re-
mains an important and preventable cause of cataract in the developing world.
Treatment options have dramatically improved the prognosis for visual rehabili-
tation of children with cataract where access to timely care is available. Advances
in genetic research and expanding pediatric cataract databases have added to
physicians’ ability to recognize cataract etiology in many cases.

When etiology can be determined, physicians can better treat the patient and
better counsel patients and families. However, precise etiology of pediatric cata-
ract remains obscure in other cases, despite thorough clinical and laboratory inves-
tigations.

It is generally accepted that childhood cataracts, unlike adult cataracts, are not
due to actinic exposure and the aging process. Therefore, an underlying develop-
mental, genetic, metabolic, inflammatory, or syndromic etiology is implied for
pediatric cataracts. Ophthalmologists are expected to consider the possibilities of
cataract etiology and to provide relevant information to families, in order to guide
them in the care of the patient and to direct them to appropriate subspecialists for
further treatment or counseling.

A scheme for the clinical and laboratory assessment of pediatric cataracts seems
essential since cataract development may be the first detected clinical sign of a
serious systemic disorder.

Incidence

The true incidence of pediatric cataract in the USA is difficult to ascertain due, in
part, to the mobility of our population and to the general availability of subspe-
cialty care in all parts of the country. Data from most studies reflect genetic and
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hereditary variations intrinsic to the area studied and are not collected or studied
in one central location.

Data compiled in Australia, where virtually all pediatric cataracts from the south-
eastern portion of that country were seen for treatment over a period of 25 years
at one hospital, led to the estimation of the incidence of pediatric cataract in that
population at about 2.2 per 10,000 births.2

Heredity

Cataracts were shown to be hereditary in about 19% of the pediatric cataract popu-
lation in the Australian study with inheritance demonstrated to occur via all three
known methods of inheritance (autosomal dominant: AD; autosomal recessive:
AR; X-linked recessive: XLR).

Laterality and associated conditions

In a report from the United Kingdom, 160/243 (66%) of pediatric cataract patients
had bilateral cataracts and 34% unilateral cataracts. Forty-seven percent of unilat-
eral cataracts were seen with associated ocular anomalies, whereas only 14% of
bilateral cases had associated ocular anomalies. A systemic disorder existed with
the cataract 25% of the time in bilateral cases, but only in 6% of unilateral cases.
Prenatal infection was present in 6% of bilateral cases and only in 2% of unilateral
cases.3

In a study from India, hereditary cataracts were seen in 19.7% of 76 pediatric
cataract patients.4

When these data are compared, a wide variation in hereditary patterns between
different populations can be appreciated (see Table 1).

Family history

Since the etiological diagnosis of pediatric cataract seemingly encompasses endless
possibilities, a thorough evaluation of all available information is important.5

Table 1. Pediatric cataracts

Country Australia United Kingdom India

Number of patients 421 243 76
Incidence (estimated) 0.02%
Sporadic cases 342/421 81% 83/243 34% 35/76 46%
 unilateral 178/342 52%
 bilateral 164/342 48%
Hereditary cases 79/421 19% 90/160 56% 15/76 19.7%
 unilateral 6/79 8% 5/83 6%
 bilateral 73/79 19% 160/243 66%
Syndromic/systemic 56/342 16% 40/160 25%
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Accurate assessment of the family history is rather important. It is estimated that
about 20% of clinically significant pediatric cataracts treated in the USA will have
a positive family history for cataract. When a family history is positive for cata-
racts other than in siblings, the mode of inheritance will generally be that of au-
tosomal dominant. X-linked cataracts, except for those seen in Nance-Horan syn-
drome, are relatively rare, but quite important. It should be noted that, while most
patients with unilateral cataracts have a negative family history for cataracts, 8%
of hereditary cataracts in the Australian series presented with unilateral cataract.
Further, 16% of all cataracts in that series were associated with an identifiable
syndrome.

Maternal history

Maternal illnesses, especially febrile illnesses with skin rashes that occurred in the
first trimester, may give clues to cataract etiology. The most common congenital
infections affecting the eye are rubella, toxoplasmosis, cytomegalic inclusion dis-
ease, herpes, and syphilis. Neonates with autoimmune disease processes may have
coinfections with any of these agents.

All these conditions are either preventable or treatable to some degree. Intraocu-
lar infection from these origins may be clinically active in the neonatal period, and
specific treatment of the disease process in the neonate might be required.

Patient history

The patient’s prenatal, birth, and neonatal history are assessed. Developmental
milestones are reviewed. Failure to thrive can be directly related to cataract etiol-
ogy. A history of seizures or tetany might suggest hypocalcemia that requires
laboratory investigation. Systemic inflammatory signs and symptoms should be
reviewed with emphasis on joint and gastrointestinal disorders. Possible endocrine
disorders and medications, both systemic and ocular, are reviewed.

Any history of ocular trauma, particularly if hyphema occurred, might be im-
portant even though remote from the apparent time of cataract development.

Clinical examination

The general appearance of the patient and the parents should be noted. Head size
should be estimated or measured, and compared to standard deviation tables. A
general examination of the child should be carried out. Hypotonia or hypertonia
should be noted. Any developmental defect or organ system abnormality, espe-
cially organomegaly, should be registered.

More than one office visit may be necessary for the acquisition of all necessary
information. Each pediatric patient with cataracts will require a thorough ophthal-
mological examination, even if general anesthesia or sedation is required. As a
practical matter, if the cataracts are visually significant, detailed information re-
garding cataract morphology can be obtained at the time of surgery on the first
eye.

noao2003-05.pmd 12/5/2003, 12:42 PM29



30 F.D. Ellis

It is particularly important to note and describe the morphology of the cataract(s).
As a rule, intraocular pressures, corneal diameters, and axial length measurement
can be obtained in an office setting without sedation if a hungry infant can be seen
early in the day and can be fed during the examination. A portable slit lamp
facilitates detailed examination of the cataract and assessment of the cornea and
anterior chamber.

Often both parents or grandparents will accompany the child for the first exami-
nation and occasionally one or more siblings will be present. This may be the best
time to examine other family members at the slit lamp, because abnormal findings
in another family member can guide the remainder of the investigation and elimi-
nate many unnecessary testing procedures.

Unilateral cataracts

The size of the eye is important and should be measured and recorded. If the eye
containing the cataract is measurably smaller than the fellow eye, a developmental
defect of the eye can be expected to be the proximate cause of the cataract. Further,
it has been shown that the size of the eye might be related to the probability of that
eye(s) developing glaucoma in the future.6 The eye should be examined for asso-
ciated signs of persistent hyperplastic primary vitreous with a biomicroscope or
surgical microscope. Eyes with posterior lentiglobus or lenticonus will be more
likely to be similar in size to the fellow eye or to the expected normal size (Figs.
1 and 2).

Signs of trauma should be noted. Careful observation of the anterior chamber
for inflammatory signs should be carried out. Juvenile rheumatoid arthritis (JRA)
is notorious for asymmetric presentation of intraocular inflammatory signs with
few associated external signs of inflammatory eye disease. JRA often spares one
eye entirely, while the fellow eye exhibits marked cellular activity with intense
flare (Fig. 3).

A unilateral pediatric cataract will often be associated with posterior hyperplas-
tic primary vitreous, lenticonus or lentiglobus, intraocular inflammation, or trauma.
Exceptions occur and the clinician must remember that there is a possibility of
delayed onset or asymmetrical presentation of bilateral cataract or even of heredi-
tary or syndromic cataracts with unilateral presentation.2

Bilateral cataracts

Systemic inflammatory diseases can affect both eyes. An ophthalmologist examin-
ing a child with cataracts must ascertain that both eyes are free from inflammation.
Pediatric cataract can occur in association with any chronic or recurrent intraocular
inflammatory process, or may result from local or systemic treatment of that pro-
cess (Figs. 4 and 5).

Since bilateral cataracts are more likely to be hereditary or syndrome-associated
than unilateral cataracts, examination of parents and siblings is especially impor-
tant. The clinician should note the presence or absence of lens opacities in other
family members. These lens opacities may be minor or rather substantial and com-
pletely asymptomatic. It is particularly important to examine the mother of the
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Fig. 1. Posterior lentiglobus (lenticonus) retroillumination.

Fig. 2. Posterior lentiglobus.

noao2003-05.pmd 12/5/2003, 12:43 PM31



32 F.D. Ellis

Fig. 3. Juvenile rheumatoid arthritis, unilateral, with inflammation, cataract.

Fig. 4. Poliosis, Vogt-Koyanagi-Harada syndrome.
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patient for evidence of a carrier state, particularly if the patient is male.
The Coppock cataract (AD) was the first hereditary cataract for which a genetic

locus was determined because of its proximity to the Duffy blood groups on
Chromosome 1. Examples of known cataract syndromes can be seen in Table 2.

Syndromes and associations

If a specific organ or organ system is found to be abnormal, additional information
regarding possible syndromes and known associations may be found. A search of
the Online Mendelian Inheritance in Man (OMIM) database using the search terms
‘child cataracts’ yields 55 different returns. If the terms ‘syndrome cataract child’
are used, a return of 44 entries occurs.9 This database may be searched by using
the URL: http://www3.ncbi.nlm.nih.gov/gov/OMIM/ Examples of such searches
are shown in Table 3.

Smith’s Recognizable Patterns of Human Malformation textbook is a well-organized
valuable resource, especially for exploring possible associations of ocular abnormali-
ties including cataract with other developmental abnormalities (Figs. 6 to 10).10

Specifics of the examination

Descriptions of the cataract should be recorded as early as possible since progres-
sive cataracts will eventually opacify lenses to a more or less uniform appearance.
After a lens has become completely opacified, the original morphology cannot be
determined unless prior photographs or written descriptions of the original ap-
pearance exist. Operative notes are an appropriate place to record details of cata-

Fig. 5. Vogt-Koyanagi-Harada syndrome with cataract, teen-age patient.
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Table 2. Examples of classic cataract syndromes and inheritance patterns

Syndrome Inheritance pattern Comments

Conradi I (AR) & II (AD) stiff joints, stippled epiphyses
Marfan (AD) subluxated lenses,

hyperextensibility of joints,
dilated aortic root

Mandibulofacial (AD) typical facies
Hallerman-Streiff
Pierre Robin
Treacher Collins

Trisomy syndromes (S) typical facies
Patau (trisomy 13)
Edwards (trisomy 18)
Down (trisomy 21)

Nance-Horan (XLR) dental anomalies, microcornea,
short metacarpals,
developmental delay, maternal
posterior Y-suture opacities

Aniridia (AD or S) iris, foveal, optic nerve
hypoplasia

Metabolic syndromes:
Galactokinase deficiency (AR) uniform lens opacification
Galactosemia (AR or XLR) oil droplet cataract reversible early
Oculo-cerebro-renal (Lowe) (XLR) glaucoma, aminoaciduria,

hyphema associated with
cataract removal7

Hyperferritinemia (AD) hereditary hyperferritinemia
cataract syndrome (HHCS),
crystals in lens cortex, elevated
ferritine with normal serum iron
levels8

G-6-PD deficiency (XLR) glucose-6-phosphate
dehydrogenase deficiency. Most
common enzymopathy of human
beings. Acute hemolytic anemia
prominent feature. Most common
in Asian, Africans, and
Mediterraneans

AD: autosomal dominant; AR: autosomal recessive; XLR: X-linked recessive; S: sporadic

Table 3. Examples of online (OMIM) searches for cataract associations

Entry Number of returns

Cataract (and)
brain 50
skin 39
heart 39
renal 42
liver 16
skeletal 69
hearing 49
syndactyly 9
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Fig. 6. Subluxated lens (Marfan syndrome).

Fig. 7. Patau syndrome.
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Fig. 8. Down syndrome cataract.

Fig. 9. Aniridia.
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ract location and appearance and associated ocular findings, if these details cannot
be determined in the office.

Most non-traumatic cataracts are probably ‘metabolic’ in the sense that enzy-
matic dysfunction is ultimately responsible for cataract development. Congenital
nuclear cataracts are often dominantly inherited, but may occur as a result of
maternal infection early in fetal development. Isolated embryonal and fetal nuclear
cataracts are never metabolic. Cataracts can be identified in many cases by loca-
tion, appearance, and coexisting ocular or systemic abnormalities (Table 4).

How should an ophthalmologist investigate a new patient with congenital or
neonatal cataracts, and what is he likely to find?

Unilateral cataract

A careful history, physical and ocular examination is performed with special atten-
tion being given to the size of the eye and the location and morphology of the
cataract. Associated ocular anomalies are often present. Signs of trauma, including
evidence of penetrating injury, may be discernable. Accidental penetration of the
globe by hypodermic and sewing needles appears to be an increasing cause of
childhood cataract.14,15 Unless other systemic findings are present, little or no fur-
ther systemic or laboratory investigations are required.

Bilateral cataract

An ophthalmologist should perform a more general examination of the patient and
should include other family members if possible. Special attention is paid to the
patient’s developmental milestone history. If the ophthalmologist does not feel
comfortable with the results of his history and physical examination or with his

Fig. 10. Anterior polar cataract, microphthalmos.
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Table 4. Cataract morphology, inheritance, and characteristics

Type of opacity Inheritance Location Characteristics

Anterior axial AD anterior Y-suture common but visually insignifi-
cant. May be seen with other
forms of cataract

Anterior polar AD or S central lens capsule unilateral or bilateral. Occasion-
ally progressive often associated
with some degree of
microphthalmia, may produce
amblyopia11,12

Peter’s anomaly S central cornea, lens associated central corneal
defects

Anterior lens capsule:
Anderson-Fabry XLR corneal epithelium rare lysosomal storage disorder.

Multiple anterior capsular
spokes, whorl-like deposits in
corneal epithelium. Associated
renal and heart disease11,12

Wilson’s disease AR anterior lens capsule sunflower-shaped opacification
of the anterior capsule,  green or
brown sheen to Descemet’s
membrane especially at 12 and 6
o’clock positions

Aniridia AD or S anterior pole, cortex cataract is anterior polar and
cortical, major portions of iris
are missing. May occur as
Wilm’s tumor, aniridia,
genitourinary abnormalities and
mental retardation (WAGR)
syndrome

Marfan AD cortex subluxation of lenses, joint
laxity, dilatation of aortic root.
Differentiate from
homocystinuria

Zonular:
Hereditary AD outside fetal nucleus family members with variable

zonular opacities. Associated
S with seizures or tetany. Labora-

tory investigation for hyper-
calemia

Nuclear: AD or S nuclear can be inflammatory. Secondary
(Figs. 11, 12) to maternal viral infection

Inflammatory posterior subcapsule associated inflammatory signs,
flare and cell. Investigate for
juvenile rheumatoid arthritis
(HLA-DRB1 association),
Crohn’s disease, other sources
of immune inflammation

Irradiation posterior capsule history, posterior capsular sheen
Electric shock diffuse history
Metabolic disorders:

Galactokinase AD generalized lens opacification only
Galactosemia AR or XLR cortical oil droplet appearance. Early.

Cataract that is reversible.
Failure to thrive, vomiting,
enlarged liver and spleen
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Hyperferritinemia AD cortex crystals in lens cortex, elevated
serum ferritin, normal iron
levels

Diabetes mellitus AR cortex cataracts unusual before second
decade, often ‘snow flake’
appearance

Corticosteroids posterior subcapsule also cortical opacities
Myotonic dystrophy AD cortex polychromatic opacities poste-

rior cortex second decade. Heart
block. Inability to relax hand-
shake

Neurofibromatosis II AD posterior subcapsule bilateral and central
(Fig. 15) or eccentric plaque- posterior capsule

like
Retinal disease:

Mitochondrial diseases
Leber’s amaurosis AR diffuse keratoconus, eye poking
Gyrate atrophy AR posterior capsule ornithine aminotransferase

(Figs. 13, 14) deficiency (OAT). Posterior
spoke-like opacification of lens
capsule. Retinal degeneration,
elevated serum ornithine levels.
Dietary management13

Retinitis pigmentosa AD, AR, XLR posterior subcapsular cataracts

Table 4. Cont’d

Type of opacity Inheritance Location Characteristics

Fig. 11. Nuclear cataract.
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Fig. 12. Nuclear cataract.

Fig. 13. Gyrate atrophy (hyperornithinemia), cataract.
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Fig. 14. Gyrate atrophy (hyperornithinemia), peripheral retina.

Fig. 15. Neurofibromatosis Type II, cataract.
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competence to perform the examination, the patient’s pediatrician is informed as
to the diagnosis of cataract and is queried about his own physical examination. If
these examinations are entirely normal and the patient appears to be healthy ex-
cept for the cataracts, little or no further investigation is required in the majority
of cases.

Abnormal or peculiar appearance of the child, history of failure to meet devel-
opmental milestones, systemic illness, associated organ system defects, or struc-
tural abnormality of any body parts including the eyes in addition to the cataracts,
should suggest further investigation, consultation with a geneticist or dysmor-
phologist and possible metabolic workup.

A neonate with cataracts but with no other directional clues as to specific diag-
nosis should have soybean-derived milk substituted for maternal or cow’s milk
while a workup is in progress. Neonatal screening tests should be repeated, espe-
cially if a diagnosis of galactosemia is suspected. It is important to remember that
galactosemia is a treatable systemic disease that, when untreated, can result in
brain damage and death. Further, if treated early, galactosemia cataracts may be
reversible. Screening tests would include urinalysis with non-glucose-specific tests
for reducing substances and screening for albumin. A 24-hour collection of urine
can be screened for detection of certain genetic diseases. More specific tests would
include galactose-1-phosphate uridyl transferase and galactokinase assays if galac-
tose-related cataracts are suspected. Aminoacid-related disorders may be further
identified by serum aminoacid surveys. Screening tests are available for mitochon-
drial diseases.

Specific screening tests for less common diseases may be performed, dependent
on race and country of origin.

No available battery of laboratory tests is expected to detect the origin of all
pediatric cataracts and a large portion of the pediatric cataract population at this
time will not have a specific etiology assigned, even after thorough investigation.
After compiling data from multiple sources, estimates of potential success in the
determination of pediatric cataract etiology other than ‘idiopathic’ are listed in
Table 5.

Additional estimates of pediatric cataract origin can be found in current text-
books.16

Table 5. Estimates of identifiable origins of pediatric cataracts

Cataract location Specific etiology

Unilateral cataracts 10-20%
associated ocular anomalies 25-50%
hereditary 5-8%

Bilateral cataracts 20-60%
associated ocular anomalies 10-15%
hereditary 20-40%
genetic or metabolic 5%
maternal infection 2-3%
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Summary

It is important to treat the child with cataracts rather than the cataract in the child.
Family members must be counseled regarding potential risk factors for cataract
and associated disease processes, not only for the current patient’s benefit, but
also for future siblings and offspring.

Not all pediatric cataracts are readily identifiable as to origin at this time. How-
ever, by using currently available resources, an ophthalmologist can reduce the
number of cataracts labeled as idiopathic, prevent systemic complications in some
cataract syndromes, and direct a family toward specific treatment and counseling.
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Monocular congenital cataracts

Is binocular vision too much to ask?

Kenneth W. Wright and Mehmet Cem Mocan

Pediatric Ophthalmology and Strabismus, Los Angeles, CA, USA

Introduction

Historically, unilateral congenital cataracts have had a poor visual prognosis. As an
ophthalmology resident 20 years ago, I remember many experts stating that visual
rehabilitation in these children was impossible, some even saying that treatment was a
waste of time. Concurrent basic science research clearly showed the devastating effect
of a blurred image on early visual development, and early intervention may improve
outcomes.1-3 Despite these important studies, many clinicians remained pessimistic and
unconvinced that animal studies translated to children with congenital cataracts. In
1981, Beller4 and Hoyt et al.5 published their now-classic article documenting that good
visual results can be obtained if a clear image is established in early infancy. The cause
of previous failures was now realized to be dense, irreversible amblyopia caused by
the malapropos stimulus of a blurred image during the critical period of visual
development; namely, during the first few months of life. Subsequent clinical experience
documented that, if dense amblyopia was to be averted, a clear retinal image must be
established early during the critical period of visual development.6 In a study of
unilateral congenital cataracts, Birch and Stager7 found that surgery and visual
rehabilitation prior to two months of age resulted in relatively good visual outcomes
with a median visual acuity of 20/60 (range 20/800 to 20/30). However, surgery
performed after two months produced uniformly poor vision in the range of hand
motion to 20/160. Over the last decade, emphasis on early detection in the newborn
nursery using the red reflex test has led to neonatal surgery for the cataract and a
dramatic improvement in visual outcomes.

Even though visual acuity outcomes improved with early surgery, most studies
on unilateral congenital cataracts showed virtually a 100% rate of strabismus, and
all lacked binocular fusion and stereo acuity.8,9 In the late 1980s and early 1990s,
most authorities were using full-time occlusion of the dominant eye, which was
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thought necessary in order to obtain good vision in the aphakic eye. So, after all
the work and suffering associated with keeping an infant in contact lenses and the
rigors of patching, the best we can expect is a ‘spare tire’ eye? An eye that will
not be used unless something catastrophic happens and the patient loses vision in
the good eye. Because of this, some experts have questioned the wisdom of aggres-
sive treatment of unilateral congenital cataracts. Is the pain and anguish of treat-
ment worth the gain of a so-so eye? This issue was debated in a recent article in
the British Journal of Ophthalmology.10 In that article, I made a case for aggressive
treatment because, to me, having even a spare tire eye is important. Ophthalmolo-
gists know the importance of having two seeing eyes, even if they do not work
together. Patients with only one functional eye are forever fearful of losing their
good eye. I have firsthand knowledge of this, as my younger sister had a unilateral
congenital cataract with poor visual outcome in that eye; she is in constant fear of
losing her good eye. Even a mild conjunctivitis or conjunctival foreign body is
perceived as a potentially blinding event to a patient with one useful eye. There-
fore, I consider a spare tire eye well worth the effort.

The good news is that we do not have to settle for a spare tire eye. Good vision
and binocular fusion is obtainable in children with unilateral congenital cataracts.
In 1992, we reported the first series of patients with unilateral congenital cataracts
who developed good visual acuity, straight eyes, and binocular fusion with stere-
opsis.11 In the same year, Gregg and Parks published a case report of a child
operated at two days of age who achieved 20/25 visual acuity and 50 seconds of
arc.12 In addition to very early surgery and urgent contact lens fitting, these inde-
pendent studies emphasized two novel approaches: 1. bilateral light occlusion until
a clear image is obtained; and 2. no monocular patching for the first month; then,
only part-time occlusion therapy – no more than 50% waking hours. Part-time
occlusion is important, as it allows for the development of binocular fusion and
stereo acuity. Subsequent articles and clinical experience have verified that good
visual acuity and binocular fusion can be obtained in patients with unilateral con-
genital cataracts.8,13-17

The patient in Figure 1 is an example of the excellent results obtainable with
optimal treatment. She was identified as having a unilateral cataract in the new-
born nursery on Day one, and I performed surgery the next day, 48 hours after
birth. Binocular light occlusion was used until the contact lens was placed at seven
days of age. For the first month, there was no amblyopia patching; then minimal
patching the first year and no more than 50% of waking hours thereafter. The
parents were compulsive about contact lens use and, at three years of age, this
child obtained 20/30 visual acuity and stereo acuity of at least 100 seconds arc. The
following discussion covers important treatment strategies necessary to optimize
the chances of obtaining both good vision and binocular function in infants with
congenital cataracts.

Amblyopia and the timing of surgery

Amblyopia is the most important cause of poor vision associated with congenital
cataracts. The first few months of life represent the critical period of visual devel-
opment, as visual areas in the brain are rapidly developing in response to visual
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input from the eyes. A unilateral blurred retinal image during this critical period
will result in irreversible amblyopia. Rogers et al.15 showed that bilateral congeni-
tal cataracts that obscure the visual axis would cause irreversible amblyopia and
sensory nystagmus unless the retinal images are cleared prior to two months of
age. In the case of a unilateral congenital cataract, obtaining both a good visual
outcome and binocular fusion with stereo acuity is even more challenging. A vi-
sually significant unilateral congenital cataract should be removed and contact
lens fitted by two months of age to achieve satisfactory vision.7 In order to obtain
binocular fusion, surgery should optimally be performed during the first month of
life.11,12 Newborn nursery screening of each neonate with the red reflex test is
essential for identifying congenital cataracts before irreversible damage to visual
development occurs.

Is the cataract visually significant?

One of the most difficult decisions is when to operate on an infant or preverbal
child with a partial cataract. The red reflex, obtained by the direct ophthalmoscope
or retinoscope, is the standard method of determining whether an infantile cata-
ract is visually significant. A good rule of thumb is that the central lens opacity
must be at least 3 mm to be visually significant.18 Clinical evaluation should in-
clude examination of monocular and binocular fixation patterns and grading the
ability of the child to pick up small objects in the palm of the hand. The pattern
visual evoked potential and preferential looking testing can help in establishing an
estimate of visual acuity. Although these tests are useful, the decision of whether
or not to operate should be based on the overall clinical picture, rather than an
individual test.

Fig. 1. Two-year-old patient, after having cataract surgery at 48 hours of age and constant con-
tact lens use, left eye. Visual acuity is 20/30 and patient has excellent stereo acuity.
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Not all pediatric cataracts require surgery. Small, partial cataracts of less than
3 mm, or peri-central cataracts, can be managed by pupillary dilatation with 2.5%
phenylephrine hydrochloride (Neosynephrine) and part-time occlusion therapy of
the good eye. If phenylephrine hydrochloride is not sufficient to dilate the pupil,
cyclopentolate or mydriacyl once or twice a day can be added. Daily atropine
should be avoided in these patients, as prolonged cycloplegia can induce amblyo-
pia. Pupillary dilatation is usually reserved for infants with partial cataracts, wait-
ing until they are one or two years of age before IOL can be used. These patients
should be monitored carefully and, if significant amblyopia persists, cataract ex-
traction should be performed.

Surgical treatment of a visually significant congenital cataract

Once a visually significant cataract is diagnosed in a neonate, time is of the essence
and immediate action is necessary. Critical to success is the parents’ involvement.
Parents must be counseled about amblyopia and the importance of maintaining a
clear image.

The basic strategy is three-fold: 1. Immediately stop the detrimental effects of a
blurred retinal image on neonatal visual development (i.e., binocular light occlu-
sion); 2. establish a clear retinal image as soon as possible; and 3. occlude the good
eye to stimulate the amblyopic eye if ocular dominance is present. This approach
is designed for those infants who have been diagnosed early, by eight weeks of
age.

Stop the blurred image: bilateral light occlusion

The ideal treatment of a visually significant unilateral or bilateral congenital cataract is
immediate removal of the cataract with instantaneous correction of the aphakia.
Unfortunately, this ideal situation is usually not obtainable. Time is required to place
the patient on a surgery schedule, obtain medical consultations, and to allow for
postoperative recovery before fitting the contact lens. A blurred image during this
time disrupts visual development and reduces the chances of good vision and binocular
fusion.

One method of stopping the disruptive effect of a blurred retinal image on
visual development is to eliminate all light in both eyes with bilateral light occlu-
sion or dark rearing. Animal experiments have shown that bilateral light depriva-
tion or dark rearing prolongs the critical period of visual development. Human
studies have supported this work, showing that short periods of bilateral light
occlusion in neonates will not cause significant amblyopia or visual loss.5,22 The
length of time during which bilateral occlusion can be safely done remains un-
known. The longest period of bilateral light occlusion reported in humans was 17
days.22 This was a two-week-old infant who presented to me with bilateral total
hyphemas and vitreous hemorrhages secondary to birth trauma. From these stud-
ies, it appears that bilateral patching of a neonate can be safely done for at least
two weeks.

I suggest a double occlusive patch over a gauze patch which is held in place by
a Kerlix-type wrap or cloth occluder with Velcro straps (Fig. 2). Try to avoid using
adhesive tape on the infant’s skin, as this will cause skin abrasion. Because bilat-
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eral patching extends the critical period of visual development, only patch visually
immature infants, i.e., those under four months of age, and for no longer than two
weeks unless absolutely necessary, as the effects of long-term total light occlusion
have not been well defined in humans. Bilateral light occlusion does not take the
place of immediate surgery and prompt visual rehabilitation. Additionally, bilat-
eral light occlusion is contraindicated in cases of unilateral congenital cataracts if
the visual prognosis is poor, such as in patients with significant macular or optic
nerve pathology. It does not make sense to delay the visual development of the
‘good’ eye if there is no hope of central vision in the eye with the cataract.

Clear the retinal image

There are two aspects to clearing the image: cataract surgery and treating aphakia.

Cataract surgery
Cataract surgery should be performed on an urgent basis. As soon as the baby is
medically stable and safe for surgery, cataract surgery should be performed. With
modern pediatric anesthesia, surgery during the first week of life is very safe.
Pediatric cataracts are best removed with vitrectomy instrumentation that aspi-
rates and cuts both the cortical and nuclear lens material. Phacoemulsification is
not necessary and is contraindicated, as neonatal eyes are too small for the stan-
dard phaco-tips and the eyes easily collapse. Intracapsular lens extraction in chil-
dren is contraindicated, as removal of the intact lens causes vitreous loss and
vitreous traction via Wieger’s capsulohyaloid ligament. There is controversy re-
garding the use of an anterior limbal versus a posterior pars plana approach. There
are advantages and disadvantages to both methods, but I prefer the limbal ap-
proach. In newborn infants, the pars plana is extremely narrow and almost non-

Fig. 2. Bilateral light occlusion with double occlusive patches in a 48-hour-old infant to prevent
amblyopia prior to surgery. (Same child as in Figure 1.)
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existent; thus, the pars plana incision increases the risk of creating a retinal break.
Unlike adults, posterior capsular opacification will develop in essentially all

infants, often rapidly, even over several days. Because infants are extremely sus-
ceptible to amblyopia, even a few days of visual obscuration is significant. There-
fore, infants should have a posterior capsulectomy and anterior vitrectomy as part
of the primary procedure.

Management of aphakia
Contact lenses continue to be the treatment of choice in infants under one year of age,
correcting for near by adding +2.00 to 3.00 diopters to the aphakic correction. In children
of between one and two years of age, add 1.00 to 1.50 diopters to the aphakic correction.
Bifocals are normally prescribed between the ages of three and four years for bilateral
aphakes, but are not usually prescribed for monocularly aphakic children.

Children with cataracts who are older than one year of age should be consid-
ered for intraocular lens implantation. It is important to remember that, from birth
to one year of age, there is approximately 10 diopters of lens power reduction
because of axial length elongation; however, there is only a 2 to 3 diopter myopic
shift from three to eight years of age. After ten years of age, the eye is essentially
adult size. An eye corrected to emmetropia at the age of three years with an IOL
will, on the average, have a refractive error of -2.00 to -3.00 as an adult and would
therefore be corrected for near.

Complications of cataract surgery

Complications immediately after surgery include acute pupillary block glaucoma,
wound leak, iris to the wound, vitreous to the incision, and the rare, but devastat-
ing, complication of endophthalmitis. Postoperative retinal hemorrhages can occur
and are probably due to leaving the eye with a low intraocular pressure at the end
of surgery. During extubation and at the end of anesthesia, Valsalva increases
intrathoracic pressure, producing a type of Purtscher’s retinopathy. This compli-
cation can be prevented by leaving the eye relatively firm at the end of the case.
Long-term complications include glaucoma (5-10%) and retinal detachment (5-
10%). The incidence of cystoid macular edema after uncomplicated pediatric cata-
ract surgery is extremely rare.

Treatment of ocular dominance: amblyopia

The treatment of amblyopia is based on providing a clear retinal image as soon as
possible (ideally, in the first week of life), and then correcting ocular dominance,
if present, by patching the ‘good’ eye. In the case of a unilateral congenital cata-
ract, the amount of patching required to promote proper visual development of
the aphakic eye depends on the age when the retinal image was cleared. If a
unilateral congenital cataract is removed without complication and the contact
lens is placed in the first week of life, then the initial amblyopia will be mild and
part-time patching of an hour or two a day can start after one month of age. Table
1 shows the suggested patching regimen for a unilateral congenital cataract that is
visually rehabilitated before one month of age. In contrast, a child who has surgery
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after two months of age will have had a blurred retinal image during the critical
period of visual development and will have significant amblyopia. This child re-
quires more extensive patching of at least half of all waking hours. Visual acuity
assessment by preferential looking or the pattern visual evoked potential is useful
in monitoring visual development and modifying the occlusion therapy. Gener-
ally, we do not advise patching more than half the waking hours during the first
six months of life. This conservative approach to patching helps to ensure normal
visual development of the sound eye and allows for the possibility of binocular
vision if the cataract was treated early, during the first month of life.3,12 Patients
with unilateral congenital cataracts will require long-term occlusion therapy. A
high percentage of children with unilateral aphakia will show a loss of visual
acuity after two years of age, so it is important to maintain patching throughout
early childhood, usually until eight or nine years of age.18 Educating parents and
caregivers on the pathophysiology of amblyopia is critical to understanding treat-
ment strategies and following through with the rigors of contact lens wear and
occlusion therapy.

Table 1. Patching scheme for unilateral congenital cataract (based on visual rehabilitation by one
month of age) (Reproduced from Wright et al.11 by courtesy of Archives of Ophthalmology)

Age in months Patching regimen

0-1 no patching
1-2 1-2 hours/day
2-4 2-3 hours/day
4-6 up to 50% of waking hours, as indicated by vision assessment
6-12 up to 80% of waking hours, as indicated by vision assessment

Children who present late with presumed congenital cataracts: should we
operate?

If a child presents after the critical period of visual development with a presumed
unilateral or bilateral congenital cataract, should surgery be performed in an at-
tempt to improve vision? Because not all congenital cataracts are visually signifi-
cant or are amblyogenic at birth, many older children will improve after late cata-
ract surgery. Approximately 40% of older children with unilateral presumed
congenital cataracts and 70% with bilateral presumed congenital cataracts will
achieve vision of 20/60 or better.19,20 Even nuclear cataracts can be partial at birth
and later progress to becoming visually significant. Patients with acquired pro-
gressive cataracts have less amblyopia and a much better visual prognosis than
patients with cataracts that obscured the visual axis since birth. This is why pro-
gressive cataracts such as lamellar cataracts, PHPV, and posterior lenticonus have
a relatively good prognosis, even when surgery is performed after the critical
period of visual development.21 In general, it is difficult to determine the onset of
a pediatric cataract and to guess the prognosis with regard to amblyopia. One way
to estimate the onset is to examine serial baby photographs for a red reflex. Even
after examining serial photographs, the true onset of the cataract often remains in
doubt.

noao2003-06.pmd 12/5/2003, 12:44 PM51



52 K.W. Wright

In order to help predict which children would benefit from late surgery after the
critical period of visual development, we reviewed the visual results of children
with presumed congenital cataracts who presented late, after ten months of age.19

This study showed that the best prognosis in children with a unilateral cataract
presumed to be congenital and who had late surgery were those with straight eyes
(no strabismus), those with PHPV, posterior lenticonus, and lamellar cataracts.
Fifty percent of patients with straight eyes (no strabismus) achieved 20/40 visual
acuity or better. Children with bilateral cataracts and no nystagmus had a good
prognosis, while those with sensory nystagmus generally had poor visual out-
comes. There were exceptions, however, as two children who were over ten years
old at the time of cataract surgery, and had sensory nystagmus improved to 20/
50 to 20/70 after cataract surgery, had good compliance with aphakic correction.19
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Diplopia after LASIK surgery
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Introduction

Binocular diplopia after refractive surgery is extremely unusual, but when it occurs
it is very disconcerting to the patient and the surgeon. If the possibility is not
identified preoperatively, the patient concludes that there must have been some
problem during the procedure and, postoperatively, blames the surgeon. Careful
preoperative evaluation to identify high-risk individuals will minimize this un-
wanted postoperative problem.

Diplopia typically occurs after keratorefractive procedures because of residual
corneal abnormalities, the presence of a pre-existing unrecognized strabismus, or
postoperative disruption of fusion. Corneal abnormalities do not normally cause
binocular diplopia, but can result in monocular diplopia, which is usually due to
induced refractive aberrations. Problems such as a decentered ablation, flap abnor-
malities, or residual refractive errors can result in the patient complaining of
‘double’ or even ‘triple’ vision.

Monocular diplopia

There are situations, which can be identified preoperatively, which will minimize
or eliminate the chance of monocular diplopia occurring after refractive surgery.
A perfect LASIK procedure can result in monocular diplopia if the treatment zone
is small relative to pupil size. In low light situations, the pupil may dilate beyond
the ablation zone, resulting in light being refracted by the lasered and non-lasered
cornea reaching the retina. The patient then will report that they are ‘seeing
double’. If questioned further, the diplopia is really a second ‘ghost’ image usu-
ally only out of one eye. If present in both eyes. ‘triple’ or ‘quadruple’ vision
can occur. Precise preoperative evaluation of the pupils in both light and dark are
helpful in avoiding this situation.

Decentration of the ablation can occur in patients who have a positive or negative
angle of kappa (Fig. 1a). The angle of kappa is the difference between the visual
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axis and the anatomical axis of the eye. Not everyone views the world through the
very center of their cornea, and failure to recognize this preoperatively will result
in a decentration of treatment (Fig. 1b). Fortunately, in most circumstances this is
not significant, but a vertical offset can be problematic postoperatively. This can be
assessed preoperatively by having the patient view a bright light source, and noting
where the corneal light reflex is in relation to the anatomical center of the cornea.
An eccentric light reflex (nasal displacement = positive) indicates an angle of kappa
issue, and further investigation is necessary before treatment. The most common
cause is mild foveal ectopia from retinal disorders, but some occur with no obvious
explanation.

Binocular diplopia

Patients presenting for LASIK for keratorefractive surgery can generally be divided
into three risk categories (Table 1). These are:

• No risk: no risk patients have no evidence of pre-existing strabismus, a simple
straightforward myopic refractive error, and are receiving equal treatment to
both eyes.

• Moderate risk: this group of individuals has evidence of a preoperative strabismus
such as intermittent XT or accommodative esotropia, accommodative insuffi-
ciencies such as presbyopia, or are currently using prisms to correct small vertical
or horizontal deviation. An additional subset are those desiring monovision
(induced anisometropia) for simultaneous near/distance correction.

• High risk: these individuals already have a strabismus, such as a fourth or sixth
nerve palsy, are already experiencing intermittent or constant diplopia, or are
currently anisometropic.

Careful preoperative evaluation of individuals who fall in the moderate and high
risk groups will assist in minimizing the possibility of postoperative diplopia.

Fig. 1. a. Positive angle of kappa. Note nasal displacement of the corneal reflex. b. Corneal to-
pography post-LASIK. Note that area of ablation is decentered nasally.

a. b.
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No risk patients

The patients least likely to develop binocular diplopia after keratorefractive surgery
are those who have mild to moderate myopia and who are currently wearing
contact lenses without difficulty. They have no history of strabismus or diplopia,
have no prism in their glasses, and ocular motility evaluation demonstrates no
phorias and excellent stereopsis. Their cycloplegic refraction is within a half diopter
of their manifest refraction. This type of individual rarely complains of diplopia
after keratorefractive surgery. All other individuals carry some risk.

Moderate risk

Accommodative effort after keratorefractive surgery

Moving the refractive correction from the spectacle plane to the cornea has an
impact on the amount of accommodation effort necessary to perform visual tasks.
Changing from glasses to contacts increases the accommodative effort in myopia
and decreases the accommodative effort in hyperopia. Thus, a myopic individual
with a mild esophoria who changes from glasses to contacts or undergoes kerato-
refractive surgery, may postoperatively have an increase in the esodeviation.
Likewise, a hyperopic individual with an intermittent exotropia, which is being
controlled by accommodative convergence, may experience a worsening of the
exodeviation after keratorefractive surgery or contact lens wear, due to a reduction
in accommodative effort (Table 2).

Table 2. Accommodation after LASIK (glasses to contacts/LASIK)

Myopia increases accommodative effort
worsens esodeviations

Hyperopia decreases accommodative effort
worsens exodeviations

Table 1. Diplopia after LASIK

No risk Simple myopia

Moderate risk overcorrected myopia/undercorrected hyperopia
 pre-op → X(T)
 post-op → Acc esotropia

presbyopia

monovision
previous prism correction

High risk strabismus
diplopia
anisometropia
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Accommodative effort also plays a role in patients who are overcorrected. A young
myopic individual who ends up slightly hyperopic after refractive surgery may
experience diplopia because accommodation is being used to correct for the residual
hyperopic error.

Case report 1

A 32-year-old patient wants to discontinue contact lens wear
preoperative refraction: OD -5.00

OS -5.00
post-LASIK refraction: OD +1.00

OS -0.75
postop has left esotropia with diplopia
the patient prefers the right eye
a +1.00 contact lens OD eliminated the diplopia
the patient required further LASIK surgery

These individuals often have poor fusional divergence and can become very
symptomatic. This is especially bothersome if the overcorrection is in the patient’s
‘dominant eye’. Since this is the fixing eye, the extra accommodation necessary
to focus the image can result in accommodative esotropia with diplopia. This can
be eliminated by providing the small hyperopic overcorrection in the form of
glasses, contact lenses, or further refractive surgery.

Dominant (preferred) eye fixation switch

Many individuals have a strong preference for primary fixation with one eye
(dominant eye). Since the dominant eye controls accommodative effort and
innervation to the extraocular muscles (Hering’s law), switching fixation from the
dominant preferred eye to the other eye may result in decompensation of a stable
strabismus or the development of a new strabismus. The two circumstances in
which this problem arises is when the postoperative vision after refractive surgery
is better for the non-dominant eye than for the preferred eye and after induced
anisometropia (monovision). In these situations, the patient either begins to fix
with the better seeing non-preferred eye (case report 2) or, in the case of monovision,
is forced to use the non-dominant eye for either near or distance viewing.

Case report 2

A 42-year-old patient with a history of amblyopia treatment OS and a small
esotropia when tired. Prefers fixation with right eye
preoperative refraction: OD -5.00 + 2.00 x 65 20/20

OS -4.50 + 1.00 x 100 20/25
post-LASIK: OD -1.50 + 2.00 x 70 20/40

OS -0.25 + 0.50 x 90 20/25
now has constant diplopia and a 15 PD esotropia
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the patient now prefers her left eye. Glasses correction switched her preference
back to the right eye, eliminating the diplopia

Before inducing monovision, preoperative simulation with contact lenses can help
identify individuals who are at risk for becoming symptomatic postoperatively
from fixation switch issues. Fixation switch can be quite annoying to the patient,
since their normal adaptive mechanisms cannot be utilized. Every effort should be
made to maintain fixation by the preferred eye postoperatively. If fixation switch
results in symptoms, prompt correction of the cause is important since some
individuals will not adapt and, if correction is delayed, may not respond to
subsequent treatment.

Monovision

Monovision means purposefully inducing anisometropia for presbyopia manage-
ment. Ideally, one eye is corrected for distance and the other eye for near work.
The amount of undercorrection in myopia or overcorrection in hyperopia depends
on the needs of the individual. An anisometropia of 0.75-1.25 diopters will allow
the individual to function in social situations, but will require dedicated readers
for prolonged periods of work. Correction of anisometropia of in excess of 1.5
diopters may allow the individual to be spectacle-free for almost all activities.
Monovision can cause a variety of ophthalmic symptoms (Table 3).

Table 3. Monovision

Asthenopia caused by forcing non-preferred eye (or amblyopic) to
become dominant for some tasks

Induced strabismus lessened motor fusion
Diplopia monofixation syndrome

loss of sensory adaptation
fixation switch diplopia

The greatest risk from induced monovision is the disruption of binocular function.
Since both eyes are not simultaneously capable of seeing clearly at any distance,
patients with weak binocular control may become diplopic. Conditions such as
congenital fourth nerve palsy, intermittent exotropia, convergence insufficiency, or
accommodative esotropia, may deteriorate under these conditions (case report 3).

Case report 3

A 44-year-old patient wants to get rid of glasses. Takes her glasses off to read
preoperative refraction: OD -3.00

OS -2.50
post-LASIK: OD -0.50

OS -2.50
began experiencing diplopia one week after surgery
motility examination revealed convergence insufficiency
patient lost control when fusion was disrupted
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Prompt correction is necessary to avoid the development of a constant strabismus.
Patients who were not using monovision techniques pre refractive surgery should
be placed in contact lenses as a simulation trial to help identify those who might
be at risk for postoperative difficulties. About 25% of individuals will fail to adapt
to the conditions imposed by monovision. As a general rule, it is wise to keep the
difference between the two eyes to the absolute minimal amount necessary to
allow the patient to function. A 1-1.5 diopter anisometropia is much less likely to
produce strabismus symptoms than two to three diopters. In general, the greater
the anisometropia, the more likely the patient is to have postoperative diplopia.

Overcorrected myopia (Table 4)

Preoperatively

Patients with myopia can knowingly or unknowingly be overcorrected with their
current glasses or contact lenses (case report 4).

Case report 4

A 30-year-old patient notes eyes wander with contacts but not with glasses
preoperative refraction: OD -2.75

OS -2.75
post-LASIK: OD -0.25

OS -0.50
patient had an intermittent exotropia postoperatively with diplopia (Fig. 2)
old records show a cycloplegic refraction of –1.50 OU. Her glasses were over-
minused to control an intermittent exotropia. Strabismus surgery was required to
eliminate symptoms

Excess myopic correction will induce accommodative convergence and may be
controlling in exodeviation. If this not recognized preoperatively, an exodeviation
may become manifest postoperatively when the excess myopic correction is
eliminated. A careful ‘minimal minus’ cycloplegic refraction will help detect this
phenomenon. Placing the patient in their cycloplegic refraction and carrying out a
muscle balance evaluation will detect an existing exodeviation.

Postoperatively

Myopic individuals who are overcorrected by refractive surgery are hyperopic and
require accommodative effort in order to see clearly. As little as one diopter of
induced hyperopia can be sufficient to cause accommodative esotropia and diplopia.
Since myopic individuals characteristically have decreased divergence amplitudes,
they easily become symptomatic. Patients in their late thirties may become
prematurely presbyopic and start complaining of near vision difficulties because
of the extra accommodative effort. In order to ascertain whether or not a patient
is susceptible to this problem, a motility evaluation with the patient wearing their
‘maximum minus’ correction should be performed, looking for a tendency for an
esodeviation.
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Table 4. Over-corrected myopia

Problem preoperative knowingly or unknowingly (too much minus)
induces accommodative convergence
controlling exo-deviation

postoperative myope by LASIK (too much minus)
induces accommodative esotropia
premature presbyopia

Precautions careful ‘minimum minus’ refraction (cycloplegic) → looking for XT
check muscle balance with ‘maximum minus’ → looking for ET

Undercorrected hyperopia (Table 5)

Preoperatively

Patients with hyperopia may be under corrected in order to induce accommodative
convergence to control a tendency for an exodeviation. Such individuals typically
have one to two units of hyperopia not corrected by their spectacles or contact
lenses. A motility evaluation with the patient wearing their full cycloplegic
refraction should be performed with the emphasis on detecting an exodeviation.

Postoperatively

As with overcorrected myopia, undercorrected hyperopia will induce accom-
modation, which may result in an esotropia or for individuals in their late thirties,

Fig. 2. Patient with intermittent exotropia, which became constant after conversion to monovision.
Immediate treatment is necessary to avoid this situation.
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premature presbyopia. A motility evaluation with the patient wearing their mani-
fest refraction with the ‘minimum plus’ required for good vision is necessary to
detect this tendency.

High risk group

Any patient who already has a strabismus (horizontal, vertical, or cyclotorsional)
is likely to retain this condition postoperatively (case report 5).

Case report 5

A 48-year-old patient is intolerant of contact lens and desires LASIK
preoperative refraction: OD -6.00

OS - 5.50
post-LASIK: OD -1.50

OS +0.25
notes diplopia with reading or night driving immediately after LASIK
motility examination reveals left fourth nerve palsy (Fig. 3)
old photos demonstrate head tilt to the right.

Some patients are unaware that they have a strabismus and, if it is not identified
preoperatively, can claim that the surgery caused the motility disorder. Screening
for this group will alleviate any misunderstanding, suspicion, or potential litigation.
If there is a history of diplopia or diplopia is elicited on preoperative examination,
then the patient must be cautioned that, postoperatively, diplopia may occur. In
certain circumstances, such as in accommodative esotropia, refractive surgery may
improve the strabismic situation, but, in general, the likelihood is that the situation
will remain the same.

Anisometropia is a serious impediment to fusion especially when greater than
three to four diopters. If anisometropia is present preoperatively, the patient is
likely to have symptoms of aniseikonia, which often impairs motor fusion with
disruption of binocular function. Even after efforts have been made to eliminate
this disparity with refractive surgery, the patient may continue to experience
difficulties with binocular control. Any patient with a constant motility disturbance,
diplopia, or preoperative large anisometropia, should have a thorough ocular
motility evaluation before proceeding with refractive surgery.

Table 5. Undercorrected hyperopia

Problem preoperative did not detect under correction
controlling exotropia did not correct full plus (under-cor-
rected)

postoperative induces accommodative esotropia
causes premature presbyopia

Precautions test muscle balance and binocularity
with ‘minimum plus’ manifest → looking for ET
with ‘full’ cycloplegia → looking for XT
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Basic ocular motility evaluation for refractive surgery

A brief ocular motility evaluation prior to refractive surgery can be helpful in
detecting situations that may predispose a patient to postoperative diplopia. A few
questions about the patient’s past strabismus history on the patient questionnaire,
accurate glasses measurement for prism, a screening test for binocular function,
and a quick motility examination, will detect the majority of patients who will
require a more extensive evaluation.

Questionnaire (history)

Questions that inquire about the possibility of past ocular motility disturbances
should be asked. In particular, a history of strabismus or strabismus surgery,
previous glasses used, and especially bifocals as a child, are indicative of a potential
persistent ocular motility disturbance. A past history of amblyopia or patching
should also be elicited. Finally, questions about current diplopia, ghost images, or
asthenopia may indicate a binocular instability, which will be aggravated by
refractive surgery.

Glasses evaluation (prism)

In addition to checking the current glasses prescription, it is important to know
whether prisms are present. This is often not appreciated if the correction is achieved
by decentering the optical centers of the glasses (i.e., the optical centers are not
aligned with the visual axis of the patient). In patients with moderate to high
refractive errors, decentration of the lenses is commonly used to induce prism in
glasses. Thus, a –5.00 myopic individual with a 1-cm lens decentration will have
ten diopters of prism induced in the glasses. This may be controlling an ocular
motility disturbance, which will become unmasked after successful refractive

Fig. 3. Patient who noted diplopia two weeks after bilateral LASIK and claimed never to have
had diplopia prior to surgery. a. Note right head tilt. b. Overacting left inferior oblique consis-
tent with a fourth nerve palsy. Old photos showed head tilt preoperatively.

a. b.
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surgery. This is especially important for small vertical deviations, which may be
controlled by current spectacle correction.

Refraction

Since manipulation of glasses or contact lenses can be used to control strabismus,
it is important to perform both manifest and cycloplegic refraction. In patients
with hyperopia, manifest refraction using the ‘minimum plus’ that the patient
can see with clearly is important. This will help detect any esotropic tendency or
any pre-presbyopic tendency that the patient may have post-refractive surgery. A
cycloplegic refraction should be performed to ascertain the ‘maximum plus’ a
patient can tolerate, in order to see whether or not there is an underlying
exodeviation that is being controlled by a reduction of the hyperopic correction. In
myopic individuals, cycloplegic refraction is important to determine the ‘mini-
mum minus’ refraction the patient will tolerate, in order to ascertain whether or
not there is underlying tendency for an exodeviation. Both manifest and cycloplegic
refractions are important in assessing the patient’s ocular motility state.

Two-minute motility examination

Some assessment of binocular function, as well as a cursory evaluation of motor
alignment, should provide sufficient information to identify those individuals who
may be at risk for postoperative difficulties. A good screening test for binocular
function is stereo acuity using the Titmus or RanDot tests. Normal stereo acuity
would indicate that no significant motility disturbance is present. Decreased
stereopsis below 400 arc seconds should raise the suspicion that binocular function
is not normal and a more thorough evaluation is indicated. In addition to sensory
testing, an alternate cover test at distance can be used to elicit a tendency for ocular
misalignment. Precise measurement of the deviation is not required unless a sig-
nificant strabismus is identified.

Pre-existing strabismus

Even if strabismus is present, the patient may still be a candidate for refractive
surgery, although further motility testing is warranted. If a tendency for an
exodeviation or esodeviation is found, then fusional vergence amplitudes need to
be assessed with the patient in contact lenses (simulating successful refractive
surgery) to see if they can continue to maintain good control after surgery. If the
patient has a large intermittent exotropia (>20 PD) or hyperdeviation (>10 PD)
secondary to fourth nerve palsy, then strabismus surgery prior to refractive surgery
may be indicated. While it is not absolutely necessary to perform strabismus surgery
first, the patient should be made aware that a motility problem may arise
postoperatively, which will require prompt attention. In patients with very poor
control, strabismus surgery should be performed prior to refractive surgery, because
the refractive surgery may disrupt fusional control, resulting in diplopia.

Inducing monovision in a patient with strabismus, which is being controlled
with fusional efforts, should be approached with caution. In particular, we should
be aware of monovision if the patient is currently fusing the deviation that was
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detected. In these circumstances, creating a situation that would act as a barrier to
fuse is probably contraindicated. In such cases, the trial contact lenses may be used
to simulate the postoperative refractive condition that is planned. If the patient can
maintain binocular function after wearing the lenses for three to four weeks, it is
then reasonable to proceed with surgical correction.

Summary

Diplopia after refractive surgery primarily occurs because of a disruption in the
compensatory mechanism the patient is utilizing to control their underlying ocular
motility disturbance. This mechanism may be enhanced by modification of their
current refraction or prisms, which are present in their glasses. In patients with
already decreased binocular function, further degradation of fusional control by
inducing monovision or anisometropia should be avoided. Maintaining the
patient’s current fixation preference is advisable since disruption may lead to
difficulty in maintaining binocular function or to asthenopic symptoms. Beware of
postoperative overcorrection of myopia or undercorrection of hyperopia, since this
can lead to premature presbyopia or accommodative esotropia. Detection of pre-
operative overcorrection of myopia or undercorrection of hyperopia is important
in identifying underlying exodeviations. The addition of strabismus questions in
the preoperative patient ophthalmic history questionnaire will help detect indi-
viduals who may be at risk for diplopia after refractive surgery. Both manifest and
cycloplegic refractions are necessary in order to determine whether refractive
maneuvers are being used to control an underlying strabismus. Finally, a simple
sensory screen test for stereopsis combined with a cross-cover test can detect most
significant motility disturbances.
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Round Table

Seeing too well – diplopia after adult cataract surgery

Moderator: Edward G. Buckley, MD

Panel: Forest D. Ellis, MD
Howard Fine, MD
Burton J. Kushner, MD
Louis D.S. Nichamin, MD
Kenneth W. Wright, MD

Dr Buckley: The issue is what to do with patients who have diplopia after local
anesthesia. This is certainly frustrating for the cataract or refractive surgeon, but
mainly we are going to be talking about the cataract surgeon who does a perfect
cataract operation and then the next day the patient starts complaining about
double vision. A classic case is this patient here. She is a 74-year-old female. She
had phaco performed on her left eye with a local peribulbar injection. Importantly,
it wasn’t a retrobulbar injection, but a peribulbar injection. As soon as the patch
was removed the next morning, the patient described diplopia. The diplopia actu-
ally got better for a little while, but then recurred. Here she is on Day one; here
she is Day 30. When she showed up in my office, this was her picture. As you can
see, she had a fairly significant hyperdeviation of the left eye that got worse when
she looked to the left, a little better when she looked to the right, but this was one
which was certainly causing her and her surgeon much consternation about the
whole event. You tilt left and right and there is no localization. So now the ques-
tion is, what happened and why? I will throw that first question out to the panel.
What is happening? What is going on with these patients who are developing
diplopia after cataract surgery?

Dr Kushner: I think what happens in most of these cases is a myotoxicity due to
marcaine. The first case that was described was an isolated case report of a tight
inferior rectus, which is the most common muscle to be affected, although the
superior rectus can certainly be as you’ve seen here. When that single case report
appeared, there was a fairly testy letter to the editor from a cataract surgeon
saying that this was just Graves’ disease and we do not need another syndrome
for the malpractice attorneys. Subsequently, there have been almost epidemics of
this problem. If you image them, they have an enlarged muscle that looks some-
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what similar, but yet different from what you see in Graves’ disease. I think there
is substantial evidence that marcaine is toxic when injected under high pressure
into or near the muscle.

Dr Buckley: Any other thoughts on causes that people have seen with in this
situation?

Dr Wright: David Guyton really found something very interesting — that the de-
viation is greatest in the field of action of the myotoxic muscle. In this case, the
deviation is greatest in the field of action of the superior rectus, it is more up and
over. What was hypothesized was that initially you get a paresis of the injected
muscle, but later you get a fibrosis and you actually get an overacting muscle. You
can actually induce a muscle to become too strong. It is not restricted; it is over-
acting. That is what is interesting about this case. It looks like the involved supe-
rior rectus is overacting. What is nice about this situation is that there is a good
solution. Patients who develop myotoxicity from an inadvertent anesthetic injec-
tion into the muscle develop an overaction to this muscle. This is easily corrected
by recession of this muscle.

Dr Buckley: Any comments from the cataract surgeons on what went wrong and
why?

Dr Fine: In actual fact, this is almost a nonexistent problem among most cataract
surgeons now, because overwhelmingly, we are using topical anesthesia. It is pretty
difficult to create myotoxicity with an eyedrop. On the other hand, if we do have
to inject, we usually just use lidocaine, because the surgery is so fast. We don’t
even patch those patients either because they usually have some restriction in
ocular motility, but usually good lid blink at the completion of the surgery. So, I
think the incidence of this is going to almost go away.

Dr Nichamin: I think it is also germane to think back to the time of the outbreak
of this problem and recognize that hyaluronidase was not available. This clearly
supports the supposition that a greater concentration of anesthetic is occurring,
since it does not diffuse through the orbit causing, perhaps, more ischemia. I am
aware of one study, and I’d be interested in your comment, because this is a little
bit out of my area of expertise, that this phenomenon has been reported to be
much more common in left eyes due to right-handed surgeons having more trouble
getting there. I thought that was interesting.

Dr Buckley: There is no doubt that the incidence went up in my practice around
1998, when Wydase disappeared for awhile. There was a big resurgence of this
particular problem which has calmed down considerably since that time. But there
are still a fair number of cataract surgeons out there who are still using local
anesthesia, peribulbar type anesthesia, not necessarily marcaine, but you can get
this with lidocaine as well.

Dr Kushner: I think Ken said something very interesting, and I agree with him. In
my experience, the majority of these patients have the inferior rectus affected. And
of the ones that I have seen, somewhere around thirty of these, if the inferior rectus
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is affected, it is a tight muscle where the deviation is biggest in upgaze, kind of like
you’d expect with a tight inferior rectus with thyroid. I am sorry that Dave Guyton
isn’t here for this particular panel, because I am sure his comments would be very
interesting. Guyton and Capo have shown very nicely in a cadaver model how an
injection done inferiorly can get into the superior rectus coming up behind the
globe. And for reasons that are not clear to me, as Ken said, when it is the superior
rectus that is involved, not always, but often, it is more of an overacting muscle.
The deviation, as I think it was in this picture (I’m looking at it rather obliquely),
is bigger in upgaze than downgaze. I am perplexed why that is. I know that Dave
feels you get segmental fibrosis, a small area of the muscle that is fibrotic, and that
literally stretches the adjacent myofibrils. As Starling’s curve shows, when you
stretch a muscle, it increases its strength resulting in an overactive muscle. I don’t
have a better explanation than that. But somehow that just doesn’t resonate well
with me. I think there is something else going on, and I really don’t have a clue
what it is.

Dr Ellis: While we are indicting all these medications and techniques, we should
include the antibiotics too. Sometimes antibiotic injections are given inferiorly,
particularly in children, where we don’t see so much of this, but where it has been
proven that gentamicin, for instance, is capable of causing this same type of syn-
drome. We shouldn’t leave out the fact that some of these are due to pre-existing
diseases too, which was mentioned, but then passed over. Latif Hamid looked at
about fifty-eight of our patients who had this syndrome back in its early days, and
found that at least 14% of them, I believe, clearly had thyroid eye disease, based
on imaging studies and the shape and location of the muscle disorder. And, fur-
ther, just a long-standing cataract which is seldom seen these days, but if it has
been there long enough, then deviations can occur as a direct result of the pro-
longed occlusion. So, I don’t think it is always the cataract surgeon’s fault.

Dr Wright: At ARVO last year, there were about four or five posters using myotoxic
agents to try to induce hyperactivity of extraocular muscles as a treatment for
strabismus. This was all in animals. Down the road, like botulinum reducing muscle
function, people are looking at improving muscle function if we can find the right
agent. So this could be a therapeutic phenomenon down the road.

Dr Kushner: You said the deviation got better and then worse. Did it reverse
direction?

Dr Buckley: Yes. The patient was hypo and then became hyper. So that is the
theory here, and it doesn’t have to be marcaine, it could be 2% lidocaine as well.
If you take rhesus monkeys and put the drug adjacent to the muscle, you get some
muscle changes, but they regenerate and do well; but if the injection goes into the
muscle, you end up getting a problem. So these peribulbars are really probably not
peribulbars. They actually did get it into the muscle, which is why the inferior
rectus seems to be involved most in this situation. The feeling is that the muscle
must be injected. The proposed mechanism is as follows: you inject the drug into
the superior rectus, and see an acute paralysis with a hypo. Then the muscle
recovers and a hyper develops. This is the patient described in Guyton’s paper,
and you can see she has a hypotropia here on the left side and then eventually
ended up with a hyperdeviation on that side. So the etiological mechanism is
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intramuscular injection. That comes to the next question I had. If this is what is
causing a problem most of the time, do we need to do any additional work-up, and
what about this issue of thyroid or potentially some other pathologic etiology? If
you see a patient who has this after surgery, should the cataract surgeon, or the
strabismologist, do any other work-up in this case, or can you pretty much assume
myotoxicity is the mechanism and treat it?

Dr Ellis: The first thing you ought to do is to wait awhile, because if you have one
of these reversing situations, then you pretty much know what has taken place.

Dr Buckley: You watch it, watch it, watch it, are you going to do any other work-
up or not?

Dr Ellis: If it didn’t change, I would do further work-up.

Dr Buckley: What would you do?

Dr Ellis: First of all, I’d like to go over the patient’s old photographs, past his-
tory, and make sure they didn’t have a pre-existing problem.

Dr Buckley: Never happened before, the patient never had a problem, are you
going to CT this patient?

Dr Ellis: Yes, because I’d like to know what the muscles look like.

Dr Buckley: Anybody else CT the patient? Ken, do you CT the patient?

Dr Wright: No.

Dr Nichamin: The one thing I would do in the office is forced ductions, just to
literally get a feel for the muscles, and then probably wait at least three or four
months, and perhaps if there is any other indication, scan them.

Dr Kushner: Ed, I think what Darryl said is right on, in that if you follow the
patients and they go through this reversal pattern, then it is clear what it is. But
if they don’t...

Dr Buckley: Most of us don’t see the reversed pattern, most of us see the end
result. They show up in your office in six weeks with a hyper, and everybody says
this is the problem, they are now in your lap, and the question is, “Do you do
anything else before you operate on them?”

Dr Kushner: I think that this is one of the few situations where dynamic imaging
is helpful, to be able to tell if you are dealing with a combination of a superior
rectus restriction, but also with a paretic inferior rectus. I think that dynamic
imaging with the patient looking up and down, looking for change in the shape,
in this case in the inferior rectus muscle, would help me tell if there are one or both
problems. You could also perhaps get similar information with active force genera-
tion combined with forced duction tests.
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Dr Wright: Ed, I see a lot of these, and if they have the classic history, I don’t
image them. I know what they are. I know how to treat them, and they do great.
One of the things that I learned from your presentation was maybe I should think
about thyroid. I haven’t done that in the past, and maybe I should run a thyroid
panel. That’s a good thought.

Dr Buckley: I think the thyroid issue actually came out before the concept of
myotoxicity, and so there was this explanation for why this might be happening,
and then finally the myotoxicity issue really showed that that is probably what
was going on. I don’t image these folks for the most part, unless I’m suspicious.
I think that is what you were saying.

Dr Ellis: I don’t think you have to, for the most part.

Dr Buckley: I was just trying to make you commit. What happens if the patient
shows up the first day and they have this big huge vertical deviation? Is there
anything we can do on Day one to prevent the subsequent sequelae that we are
alluding to here? Now the patient is sitting in the office, the cataract surgeon calls
you guys up, or the cataract surgeon might try to intervene at this point, and says
is there anything I can do to prevent a problem? Should I put them on steroids?
Should I inject kenalog? What can I do to help. Or should I do nothing?

Dr Wright: Do you want to put botulinum in there? I wouldn’t.

Dr Buckley: Well, that’s the question.

Dr Ellis: I’m reluctant to inject anything into an orbit where I suspect that a recent
injection is responsible for the patient’s problem. I mean anything. Because then
I become a co-conspirator, so to speak, and I’d like to avoid that.

Dr Kushner: They are not going to see triple, you know.

Dr Ellis: She is not going to get amblyopia either, and there is always a good way
to avoid double vision.

Dr Buckley: If you thought the problem was inflammatory, it would make some
sense to put some kind of Depo steroid into that area, or put the patient on some
high dose oral steroids for a short period of time.

Dr Ellis: I like that better than putting some steroid in the area. If I put the patient
on steroids, I’d rather it be by mouth rather than by injection.

Dr Kushner: I’ve certainly considered that, and as you said, I don’t see these
patients in that acute phase, and I’m wondering if anybody on the panel or out
there or anywhere has done that, and if there are any data about it.

Dr Buckley: This question raised its ugly head a couple of weeks ago when George
Ellis saw a patient Day one with a large vertical deviation after peribulbar anes-
thesia and he started calling around. I got a call from George and he said, “What
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should we do?” He said, “Have you ever treated a patient Day one?” I said,
“Nobody ever calls me Day one about this issue, so, no, I haven’t”. We bantered
back and forth on the concept of using steroids. I told him, in my practice when
I don’t know what to do, I put them on steroids. So I said to give the patient a
short course of steroids, even consider putting some at the site, if he really wanted
to get aggressive. But certainly oral steroids… I’d be interested to see what hap-
pens. One of the things I wanted to get into is the pattern of the motility distur-
bance seen after local anesthesia that is characteristic and pathogenetic. This would
allow you to say that it is not thyroid, that it is not a paralytic situation. Have any
of you noticed anything about these patients that might help the clinician in the
office who is seeing this motility disturbance, recognize this for what it is as op-
posed to something else?

Dr Kushner: Ed, I think that, to me, it’s not so much the pattern as the presen-
tation. A lot of these patients describe extreme pain of the eye immediately after
cataract surgery, identifying it above or below in the area of the muscle.

Dr Buckley: Is there anything about the eye movement pattern that you see after
this that is somewhat characteristic of this particular problem as opposed to some-
thing else?

Dr Wright: Yes, absolutely. Let’s say you inject the inferior rectus. If you have a
tight inferior rectus on the left, your deviation is greater in upgaze. It would be
hypo. So you have a left hypo because of a tight inferior rectus, you have your
deviation greater in upgaze. This is a weird deal. With myotoxicity, the deviation
is greater in the field of action of the injected muscle, with inferior rectus involve-
ment downgaze. So if you see that pattern where you have a vertical deviation,
like a hypo, and it is greater in the field of the injected muscle, then it can almost
be nothing else...

Dr Buckley: I’ve noticed that same thing. This is exactly what Ken is talking
about. Here is a lady who has this huge hyperdeviation, it looks like one of those
congenital overacting muscles you see, like inferior obliques, etc., and you think
that if this is a tight superior rectus you shouldn’t be able to pull the eye down.
But they line up perfectly down here. Some of these patients will actually fuse this
deviation. They sit there and look pretty good and you cover test them and it goes
zipping way up. I think this is very characteristic of whatever injury is happening,
whatever Guyton was saying was going on there. It makes this muscle just func-
tion so funnily, and that’s why I think you can fix it with a fairly simple proce-
dure. If you look at Guyton’s patient that I was showing earlier, the same thing,
huge hyperdeviation, lines up very nicely on downgaze here. A lot of these behave
exactly like that.

Dr Wright: I love these patients because the cataract surgeon is nervous, and all
you have to do is one rectus recession and they do great.

Dr Buckley: You are getting to the conclusion. We’ve already heard how to avoid
this complication.
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Dr Kushner: Ed, I want to jump in for a minute on what you said. I agree that
when you see the pattern you describe of an overaction rather than a contracture
deviation in the field of the muscle, in my experience it is always this entity. But
I would also say, number off the top of my head, it’s probably only about 20% of
the patients with inadvertent muscle injection who show that pattern. The majority
of them, particularly if it’s the inferior rectus that is involved, show a pattern that
is absolutely indistinguishable from Graves’ or something like that, where it’s a
restriction. Is that other people’s experience?

Dr Buckley: That has not been my experience. My experience has been this
overaction look. I have a whole series of these that look exactly like this.

Dr Wright: I agree with Ed. This is what they look like. You could have patients
with thyroid and other diagnoses that cause strabismus after cataract surgery, but
this specific entity is characteristic.

Dr Buckley: How long do you wait for treatment? We are going to jump right to
the treatment aspect and be done here. You alluded to waiting…

Dr Ellis: I would certainly offer them some relief from their diplopia. If they
haven’t already found out they can get rid of it by closing one eye, I would
explain that to them. I would want to see them on more than one visit and I would
make them wait six or eight weeks probably, then measure them again, and if the
measurements hadn’t changed one bit, then I would go ahead and offer them
some definitive treatment. If the measurements were changing, I would keep
waiting.

Dr Buckley: Normally on some of these types of strabismus, you wait awhile. You
alluded earlier to three or four months, and that certainly wouldn’t be unreason-
able. But this is the one strabismus on which I jump in early, I would say six to
eight weeks, and that is plenty long enough.

Dr Ellis: Do you jump in when they are hypo or when they are hyper?

Dr Buckley: Usually I don’t get them until they are hyper.

Dr Ellis: My point is that somebody has waited.

Dr Wright: I agree, you have to wait a little bit of time, but I guess the issue is you
could go sooner rather than later. I’ve seen some small deviations like this, ten
prism diopters, go away, so I would wait three to four months, but if it is a huge
deviation, I agree with you, Ed, I’d go early.

Dr Buckley: Most of you would agree that a simple muscle recession seems to be
the way to handle these for the most part?

Dr Fine: Of the panel who are strabismologists, and you have to recognize that
Skip and I have retired from strabismus a long time ago, how frequently do you
see this?
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Dr Kushner: I would also say that virtually every patient that I’ve seen, the
cataract surgeon has said, “And I’ve never seen this before.”

Dr Wright: I see one every other month.

Dr Nichamin: Is it just peri or bulbar, or are some of these retrobulbar blocks as
well?

Dr Buckley: The good news is that invariably these patients do extremely well. So
you don’t have to worry that it is going to be a long-term problem. The surgery
works very, very well.
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Questions and Answers

Cataract update I

Presiding Physician: H. Sprague Eustis, MD

Sprague Eustis, MD: For Dr Ellis, would you wait for a work-up before treating
a pediatric cataract?

Dr Ellis: No, not necessarily, but surgery at two days or five days versus one
month, nobody has really proven there is any real advantage in early surgery. My
own personal concern is that the child might be a lot easier to operate on at age
one month than at age one week, and that I might do a much better job if I am a
little patient. Of course, I am always concerned about the metabolic aspect of these
things. It takes a little while for metabolic cataracts to develop, so if cataracts are
there on Day one, I am suspicious that it is not metabolic, and while I might
double check, I wouldn’t delay inordinately for that reason alone.

Dr Eustis: This is for Dr Buckley. Do pediatric IOLs reduce the incidence of pedi-
atric glaucoma done in the first years of life?

Dr Buckley: I think the story on that is still out. We actually did a meta-analysis
of a bunch of patients who had IOLs implanted at various stages, and showed and
published that the incidence of secondary glaucoma was much, much less than we
had been seeing in our just plain aphakic population. Unfortunately, we haven’t
been doing IOLs long enough to get a large number of people into the five-,
seven-, ten-year post-op range, but we have some suspicion that there may be
some protective effect of having an IOL in versus none. But I think that is still up
for grabs.

Dr Eustis: Another question for you. Any tips on preventing IOL capture, which
is a common complication in a really young kid with an IOL?

Dr Buckley: Steroids. That’s the problem. These irises are very inflammatory.
They stick to anything. You just have to really hit them hard and keep the iris
moving. I will use cycloplegia, not atropine, but something that keeps the iris
moving so that it doesn’t stick in any position.
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Dr Wright: I used to dilate them and I was getting iris capture. I don’t dilate them
any more, especially if they are over… I’m not inserting lenses under one year of
age anyway, so I don’t dilate them after surgery and I don’t get capture any
more.

Dr Eustis: Do you cycloplege them later down the line, after your pressure nor-
malizes, or do you leave them off the cycloplegia...?

Dr Wright: There’s no need, unless you want to look at the retina.

Dr Eustis: For Dr Nichamin. They liked your tools. Somebody wants to know the
company name and the product information for the instruments that you used in
your vitrectomies.

Dr Nichamin: The information is actually in your handouts. The infusion cannula
is made by Storz. It does bear my name. And the model number is in there. The
cutter is whatever cutter you have available with your machine, but again, you
want to have a dedicated 20-gauge instrument without an infusion port on it for
bimanual surgery.

Dr Eustis: This is for Dr Fine. How old are your patients with these posterior
capsular cataracts, and down to what age would you do the surgery under topical,
and are you using general anesthesia on these patients?

Dr Fine: The posterior polar cataracts that we see are most commonly in young
adults and have been there since the time of birth, but were not troublesome to the
patient. The pediatric cataracts, the younger ones, are done by my associate, Dr
Packard. He does them all under general anesthesia. We would use topical anes-
thesia in any child that we thought would tolerate it. We have used it in children
as young as fourteen or fifteen. We have used topical anesthesia in patients that
are hard of hearing who can have signing in their hand. There are some patients
that can have hand signing, and we usually bring a relative in with the patient. We
do topical anesthesia on Alzheimer’s patients, as long as a family member who
has good control of the patient comes in. If we need to, we will augment it with
propofol, which will give us really a non-intubation general anesthesia for a few
minutes. You just have to support their chin to keep their larynx open.

Dr Eustis: One more question before lunch. A question came up about peripheral
iridectomies. Does anybody do peripheral iridectomies with or without IOLs? I
guess the answer is no.
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Introduction

When patients become presbyopic, they are typically prescribed a reading add that
is symmetrical for both eyes. This can either take the form of single-vision reading
glasses or a bifocal. In some cases, refractive correction can be chosen to place one
eye in focus for distance (typically the dominant eye) and the other eye in focus
for near. This treatment modality, called monovision,1 can either be used with
single-vision spectacles or contact lenses. With the recent increase in popularity of
refractive surgery, patients with presbyopia also have the option of having one eye
surgically corrected to place it in focus for distance, and the other for near.2 In
addition, adults undergoing cataract surgery may elect to have the intraocular lens
power chosen so that they experience monovision after surgery. Finally, monovision
can occasionally occur idiopathically because of anisometropia, with or without
co-existing strabismus.

Approximately three-quarters of patients fit with monovision contact lenses to
treat presbyopia are successful, despite well-documented deleterious effects of
monovision on binocular function.1 We have found, however, that some patients
with abnormal ocular motility are at potential risk for experiencing a deterioration
of their ocular alignment or developing diplopia if they elect monovision. Jampolsky
has elegantly described the importance of clear and equal vision input to both eyes
in patients with abnormal ocular motility.3 His findings are consistent with our
own experience.4-6 The purpose of this report is to present examples of patients
who experienced a deterioration of their ocular alignment secondary to monovision,
and to call attention to the fact that monovision may be detrimental in patients
with strabismus that is accompanied by unstable or subnormal fusion.
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Subjects and methods

After the authors (BJK in 1990, CEW in 1994) each independently identified a
patient in their practice in whom they felt monovision was an obstacle to fusion,
they began prospectively identifying similar individuals in their patient databases.
This series consists of a retrospective review of the charts of all of the patients they
prospectively identified as having experienced deterioration of their ocular align-
ment or who developed diplopia as a result of monovision. In addition, there was
one additional patient (patient #12) cared for by David L. Guyton, MD, who shared
that patient’s clinical information with us. (Unpublished written personal commu-
nication, December 15th, 1999) With the exception of that patient, they were all
cared for in our usual manner, and were treated by one of the authors personally.
All measurements of the angle of strabismus described in this report were ob-
tained using the prism and alternate cover test. All refractive data were obtained
with cycloplegia using tropicamide 1% administered twice for adult patients, or
cyclopentolate hydrochloride 1% administered twice or 2% administered once for
children. We are defining ‘refractive correction’ as that combination of lenses
(sphere and cylinder) that corrects the refractive error of the eye for focusing at
distance.

The series consists of 13 patients. In all of them, except patient #11, it was the
habitually fixating eye, or the non-paretic eye, that was in focus for distance view-
ing. Monovision resulted from contact lens correction in seven patients, refractive
surgery in two patients, cataract surgery in two patients, and was idiopathic in two
patients. In one of the refractive surgery patients, it resulted from an inadvertent
overcorrection; in the other it was intentional. Refractive ‘rescue’ (optical com-
pensation with spectacles or contact lenses to compensate for the anisometropia, in
addition to the presbyopic correction, if indicated) was attempted in ten of the 13
patients. It was successful in restoring control of strabismus and alleviating diplo-
pia in only four of the ten patients in whom it was attempted.

Representative examples of different clinical situations will be presented in detail.
In all cases, the number of diopters of monovision (amount by which the lens
ordered for the eye in near focus differed from the distance refractive correction)
was greater than two diopters, and in most patients it was three diopters or less.
Only one patient was amblyopic with a best-corrected visual acuity of 20/40 (Case
5, see description below).

Case 1

This female patient had a long-standing intermittent exotropia which had been
well-controlled until approximately 45 years of age. At that time, she began to
manage her presbyopia with monovision, alternating between contact lenses and
spectacles. Within one year after the institution of monovision, she was bothered
by intermittent diplopia and asthenopia. Also, she noted the exotropia to be mani-
fest more frequently. She then underwent surgery, consisting of 6-mm recessions
of both lateral rectus muscles aimed at correcting a 25 prism diopter intermittent
exotropia. Immediately after surgery, she initially manifested the desired small
overcorrection. However, within one year she had a poorly controlled 20 prism
diopter intermittent exotropia associated with diplopia and asthenopia. At 47 years
of age, she underwent medial rectus muscle resections of 3 mm bilaterally and
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again had the desired small-angle overcorrection initially after surgery. Within
several months, however, her alignment deteriorated, and a 25 prism diopter in-
termittent exotropia had developed. One of the authors (BJK) then examined her
for the first time at 47 years of age and recommended that she obtain her full
myopic correction in each eye (-3.00 sphere OU) combined with a bifocal add. She
obtained this prescription in the form of bifocal spectacles. In addition, for part-
time use she obtained single-vision contact lenses over which she wore single-
vision reading spectacles. Within one year she was no longer manifesting a tropia
and only had an exophoria of 10-prism diopters. She has been asymptomatic for
four and a half years.

Case 2

This male patient had had a well-controlled intermittent exotropia for as long as
he could remember; he had not undergone strabismus surgery. His refractive cor-
rection was –3.50 sphere OU according to the previous doctor’s records. At 50
years of age, he underwent bilateral radial keratotomy with the intention of pro-
ducing monovision. The end result was plano sphere in the right eye and –2.00
+ 0.25 axis 75 in the left eye. Within one year, he was frequently asthenopic and
diplopic; he noticed his intermittent exotropia was manifest more frequently. At 51
years of age, he underwent surgery in the form of a recession of the left lateral
rectus and a resection of the left medial rectus, which resulted in the desired small
initial overcorrection. Within one year, his strabismus had recurred. When he was
seen by one of the authors for the first time at 52 years of age, he manifested a
poorly controlled 25 prism diopter intermittent exotropia at six meters and at one-
third of a meter. He was fitted with a contact lens to correct the myopia in his left
eye, over which he wore single-vision reading glasses. Elimination of monovision
resulted in an improvement in his stereopsis from 800 seconds of arc to 50 seconds
of arc, but did not result in any improvement in his angle of misalignment. Six
months after he was taken out of monovision he underwent a 6-mm recession of
the right lateral rectus using an adjustable suture technique, combined with a 5-
mm resection of the right medial rectus. After surgery, he has been symptom-free
and controlling a five prism diopter intermittent exotropia for the subsequent eight
years.

Case 3

This female patient had a history of a mild left superior oblique palsy which had
been diagnosed 20 years earlier. She had not undergone strabismus surgery nor
did she need prism in her spectacles to control the intermittent left hypertropia.
She underwent cataract surgery in her right eye, because the visual acuity in that
eye had dropped to 20/50. Surgery was performed under topical anesthesia through
a clear corneal incision. A bridle suture was not used. The power of the intraocular
lens was chosen to create monovision. One of the authors (BJK) had examined her
three months prior to the surgery and found her to have a five prism diopter
intermittent left hypertropia, which was well controlled and asymptomatic. Two
months after cataract surgery, she was complaining of intermittent diplopia, and
by one year after surgery the left hypertropia had increased to ten prism diopters.
Her motility pattern was still typical of a left superior oblique palsy. She was fitted
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with spectacles to optically correct her left eye for distance, combined with a bi-
focal. Elimination of monovision resulted in an improvement in her control over
the left hypertropia, and her symptoms decreased. She was subsequently able to
remain free of diplopia with three prism diopters of base down prism incorporated
in her left spectacle lens. She has been asymptomatic for four years.

Case 4

This female patient had had three previous surgical procedures for intermittent
exotropia at 16, 17, and 19 years of age, respectively. Each time she manifested the
desired small overcorrection initially after surgery, but the deviation promptly
recurred. When she was examined by one of us (BJK) for the first time at 20 years
of age, she had a poorly controlled 35 prism diopter intermittent exotropia. She
had a cycloplegic refraction of OD +1.00 sphere and OS -3.00 sphere, however, she
had never worn spectacles. Prior to that examination she had been advised she
would never need spectacles as she could use one eye for distance and the other
for near (idiopathic monovision). Subsequently, spectacles were prescribed for her
based on the aforementioned correction. She continued to manifest an intermittent
exotropia of 35 prism diopters. She then underwent additional surgery in the form
of a further recession of the right lateral rectus and a resection of the right medial
rectus. She has had stable motility with a small angle well-controlled intermittent
exotropia for the subsequent 12 years.

Case 5

This female patient had a history of accommodative esotropia and hyperopia with
a high accommodative convergence/accommodation ratio. She was mildly amblyo-
pic in her left eye with a best corrected visual acuity of 20/40. Her cycloplegic
refraction was OD + 5.00 sphere and OS + 5.25 + 0.50 axis 180. At five years of age
with the aforementioned spectacle correction combined with a +2.50 add, there
was a five prism diopter left esotropia at both six meters and one-third of a meter
through the bifocal segment. At one-third of a meter, through the top of the glasses,
she had a 30 prism diopter left esotropia. At 16 years of age, she was fitted with
contact lenses which corrected approximately five diopters of hyperopia in the
right eye and 7.50 diopters of hyperopia in the left eye, thus intending to create
monovision with the left eye in focus for near. However, because her left eye was
mildly amblyopic, she still fixated with her right eye at near. Consequently, she
manifested a large, cosmetically unacceptable, left esotropia for near viewing. Over
the next year, her alignment deteriorated to the point that she ultimately mani-
fested an esotropia of 30 prism diopters at six meters and 40 prism diopters at one-
third of a meter. She was first seen by one of us (BJK) at 17 years of age and was
put in her full cycloplegic correction bilaterally. However, her alignment did not
improve over the subsequent six months. At that time, she underwent bilateral
medial rectus recessions to correct the esotropia. She has remained in her full
hyperopic correction and has manifested an esotropia of five prism diopters at six
meters and eight  prism diopters at one-third of a meter for the subsequent six
years.
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Case 6

A four-year-old boy was examined because he had an intermittent exotropia. On
examination, he was found to have a constant left exotropia of 20 prism diopters
at six meters and a poorly controlled intermittent right exotropia of 20 prism
diopters at one-third of a meter. His cycloplegic refractive correction was OD
plano sphere and OS -2.50 sphere, thus resulting in idiopathic monovision. After
he was fitted with the aforementioned spectacle correction to eliminate the
monovision status, he gradually improved his control over the exotropia, and the
basic angle decreased. Six months later, he only demonstrated a ten prism diopter
exophoria which has been asymptomatic for the subsequent ten years.

The remaining patients in this series are summarized in Table 1.

Discussion

Monovision is an increasingly popular method of optical correction in patients
with presbyopia. The effects of monovision on visual function have been reviewed
by Jain et al., and are summarized in Table 2.1 Despite the overwhelmingly delete-
rious effects of monovision on visual function, Jain et al. derived a 73% success rate
with monovision in contact lens wearers. However, our case series suggests that
monovision may not be an acceptable treatment modality for patients with certain
abnormalities of ocular alignment. Monovision seems particularly problematic in
patients with unstable but intermittent fusion, patients with even mild amblyopia,
or patients with a fourth nerve palsy.

Monovision can be problematic when it causes a patient with a strong fixation
preference to fixate with their non-dominant eye. This condition has been referred
to as fixation switch and has been described in detail elsewhere.4 One of us (BJK)
previously reported six patients who experienced diplopia secondary to a switch
in fixation to their non-dominant eye. In three of those six patients, the symptoms
were brought on by monovision from contact lens or spectacle management; in
three, it was caused by refractive surgery. However, those six patients are different
from the 13 reported in this series. In the previously reported cases, the symptom
of diplopia was immediately eliminated upon the discontinuance of monovision.
They did not experience deterioration of their basic angle of strabismus.

It is noteworthy that almost half our patients (six of 13) had unilateral fourth
nerve palsy, which became symptomatic after the institution of monovision. They
are similar to a case reported by Mandava et al.7 Patients with controlled paralytic
strabismus may be particularly susceptible to decompensation with monovision,
because it requires them to fixate with their paretic eye at either distance or near.
Consequently, they will manifest a secondary (larger) deviation when they fixate
with the paretic eye, which may exceed their well-developed fusional reserve.
Secondary deviation may also be a problem for persons with restrictive (e.g., thy-
roid strabismus) or combined paralytic and restrictive (e.g., Duane syndrome),
though none of our patients had strabismus caused by these mechanisms.

Two of our 13 patients developed symptoms after refractive surgery. They add
to 11 patients previously reported in small-case series who developed strabismus
or diplopia after refractive surgery, as well as 28 patients reported in a larger
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series, all summarized in Table 3.13 Five of the patients in Table 3 experienced
symptoms as a result of a refractive status that would be considered clinically
acceptable. The remaining six patients had strabismus associated with large amounts
of anisometropia that were clinically unacceptable (e.g., >3 D).

In contrast, Eustis reported good results with monovision as a treatment for
teenagers with esotropia associated with a high accommodative convergence/ac-
commodation ratio who desired contact lenses.14 There are several noteworthy
distinctions between Eustis’ patients and ours. His patients had esotropia, which
had been completely controlled with spectacles for a number of years prior to the
introduction of monovision. These patients demonstrated spontaneous alternation
of fixation, had bifoveal fusion, good stereopsis, and were not amblyopic. They did
not have a large latent deviation when wearing proper optical correction. Four of
the patients in our series had intermittent exotropia. Although patients with inter-
mittent exotropia often have bifoveal fusion and good stereopsis when the devia-
tion is latent, they typically are less stable over time than patients with a well-
controlled accommodative esotropia and bifoveal fusion.15-17 Other patients in our
series did not have bifoveal fusion but had a small angle constant strabismus, or
were those with a fourth nerve palsy. In contrast to our experience, Ing and Lon-
don separately reported that monovision might be a useful tool to help manage
patients with intractable diplopia.18,19 They reasoned that, by allowing each eye of
a patient with diplopia to “have its own domain”, the patient might be more
comfortable. We find, however, that for most patients with intractable diplopia,
three diopters or less of fogging is not sufficient to eliminate the awareness of the
second image. Typically, over ten diopters is necessary, especially if the patient is
not presbyopic. Perhaps monovision may be effective in eliminating diplopia in
selected patients in whom the awareness of diplopia is less.

The exact mechanism by which monovision may cause instability in or deterio-
ration of ocular motility in some patients probably relates to the degradation of the
visual image at distance or near fixation due to the monovision correction.
Jampolsky pointed out that this has a destabilizing effect on the fusional mecha-
nism; he stressed the importance of placing patients in proper optical correction.3
McNeer reported a series of children who developed substantial astigmatism two
to four years after an initial refraction but showed no substantial astigmatism.20

The development of astigmatism coincided with the development or recurrence of
strabismus. He warned, “The ophthalmologist should be aware that late-develop-

Table 2. Effect of monovision on visual function*

Visual function Effect

Binocular visual acuity reduced
Near stereopsis reduced
Distance stereopsis reduced
Binocular contrast sensitivity reduced
Horizontal vergence amplitudes reduced
Central suppression scotoma present

*From Jain et al.1
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ing astigmatism can cause a recurrence or deterioration of strabismus.” In addi-
tion, patients with a strong fixation preference may not have a well-developed
suppression mechanism when they fixate with their non-preferred eye. This situ-
ation can cause fixation switch asthenopia or diplopia,4 as was demonstrated by
patients 3 and 7. Finally, the mechanism by which monovision may be problematic
for patients with paralytic, restrictive, and combined restrictive/paralytic strabis-
mus, has been described above. Although most of the patients in our series were
in monovision for a relatively short time, there were a few patients who experi-
enced monovision for as much as eight years prior to seeing us in consultation.
However, in all the patients, exacerbation of their symptoms could clearly be traced
to the onset of monovision. We therefore do not feel that we were merely witness-
ing the natural deterioration that can occur with certain types of strabismus.

This series presents a disturbing number of patients with diplopia and decom-
pensated strabismus precipitated by monovision. Because it represents the total
experience of two geographically separate strabismus practices (in addition to the
one patient contributed by David Guyton, MD), the problem does not appear to be
unique to one community. We cannot tell for certain from this series which pa-
tients are at risk for experiencing a deterioration of their motility if they elect
monovision. Nevertheless, it would seem prudent for practitioners recommending
monovision for patients with a history of strabismus to advise them of the possi-
bility of deterioration in their ocular alignment, and to observe them carefully for
that eventuality. Deterioration in ocular alignment is a particular concern if
monovision is the desired end result of refractive or cataract surgery, because that
monovision may not be as readily reversible as the monovision created via contact
lenses or spectacles. Practitioners might consider careful cover-uncover testing at
near and distance, as well as head tilt testing, for detecting a well-controlled,
asymptomatic intermittent exotropia or fourth nerve palsy. Perhaps strabismic
patients contemplating refractive or cataract surgery with the intention of utilizing
monovision after surgery should first undergo a trial of monovision, either with
spectacles or contact lenses, before opting for surgery. Patients undergoing cata-
ract surgery with the intention of utilizing monovision after surgery may need to
be counseled prior to the procedure.

This study needs to be viewed in light of its obvious limitations. Because it was
collected from practices almost exclusively devoted to strabismus, it is hard to
know the frequency with which monovision may cause a breakdown of ocular
motility; this series does not have a meaningful denominator and thus does not
provide incidence or prevalence figures for the phenomenon reported herein. Simi-
larly, for several of the patients in this report, we cannot be absolute certain that
their clinical course might not have been the same had monovision not been uti-
lized. We do feel, however, that the cases presented herein are sufficiently convinc-
ing to justify the statement that monovision may cause asthenopia, diplopia, or
deterioration of ocular alignment in patients with strabismus, amblyopia, or sub-
normal fusion.
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Introduction

Hypermetropic anisometropic amblyopia is a common form of amblyopia. Myopic
anisometropia is not as amblyogenic as hypermetropia, because myopia allows for
clear near vision, and myopia is usually less severe during infancy. Weakly found
that myopic anisometropia of –2.00 to –3.00 diopters was required to cause am-
blyopia, yet as little as +1.00 diopter of hypermetropic anisometropia can cause
amblyopia.1 As little as +2.00 diopters of hypermetropic anisometropia can disrupt
binocular fusion and reduce stereo acuity.2,3

The standard treatment of hypermetropic anisometropic amblyopia has been to
correct the farsightedness with glasses or contact lenses and, if neccesary, occlu-
sion of the dominant eye. Optical correction in older children improves binocular
function and stereo acuity, even after the amblyogenic age of eight years. In later
childhood, patients often refuse to wear the thick unbecoming glasses or cannot
handle contact lenses, even though their stereo acuity is better with optical correc-
tion. Laser refractive surgery has the potential to give these children optical cor-
rection and best possible binocular vision without glasses or contact lenses.4

Despite the tremendous potential of PRK for anisometropic amblyopia, only a
few retrospective studies on myopic PRK have been reported, and there are virtu-
ally no studies on hypermetropic PRK.5,6 Overall, myopic PRK results have been
favorable with good visual outcomes;7,8 however, the industry has historically not
supported research into this pediatric application as it has a very small population
group compared to adult refractive surgery studies.

I report my experience using PRK to correct hypermetropic anisometropia in
children, operating only on the hypermetropic eye.9 PRK has several advantages
over LASIK for the treatment of children.10,11 PRK does not involve cutting the
cornea; thus, progressive ectasia is not a concern as it is with LASIK.12,13 Children
tend to rub their eyes and get poked in the eye more than adults. PRK has no
corneal flap so a flap tear is not possibe, in contrast to LASIK where traumatic flap
tears can occur.14-16 PRK is also more comfortable to perform than LASIK in chil-
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dren, as the small orbit in children makes placement of the microkeratome used in
LASIK difficult and, in many cases, impossible.17,18

Case 1

I had been treating patient No. 1 for anisometropic amblyopia, left eye, from the
age of five to 11 years. At 11 years of age, the patient and his mother asked if laser
surgery could be used to eliminate the glasses (Fig. 1). Patient had tried contact
lenses and did not want that option. After an in-depth discussion with the parents
and the patient regarding laser surgery, the VISX laser company was informed of
our plan, and an ‘off-label’ informed consent was obtained. The preoperative
cycloplegic refraction had remained stable at +5.50 -0.50 x 014, and the best spec-
tacle corrected visual acuity (BSCVA) was 20/60 in the amblyopic eye. The fellow
eye was 20/20 BSCVA. With spectacle correction, stereo acuity was 200 sec arc;
however, without correction there was no stereo acuity. An in-office test of placing
a lid speculum and monitoring fixation showed the patient to be cooperative. PRK
was performed with the VISX Star S3 laser using only topical anesthesia (the pa-
tient was 11 years old; Fig. 2). The patient was placed on topical corticosteroids for
three weeks postoperatively which were then discontinued because the cornea was
clear. At seven weeks post-surgery and one month after discontinuing corticoster-
oids, a ring of peripheral stromal haze occurred (Fig. 3). Corticosteroids were re-
started and the corneal haze cleared within two weeks (Fig. 4), but the corticoster-
oids were continued for an additional six weeks in order to maintain the clear
cornea. At one year after treatment, the uncorrected visual acuity (UCVA) of the
amblyopic eye was 20/50, stereo acuity was 100 seconds of arc, and cycloplegic
refraction was reduced to plano +0.50 x 115. The patient was very happy (Fig. 5).

Fig. 1. The patient is 11 years old. Preopera-
tive photo with hypermetropic lens in the left
eye.

Fig. 2. The patient immediately after PRK in the
left eye. No pain!
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Fig. 3. Postoperative corneal photo at one month with ring haze that occurred after discontinu-
ing topical corticosteroids.

Fig. 4. Two-month postoperative photo after restarting topical corticosteroids. Cornea is clear
and ring haze has disappeared.

Fig. 5. One year after PRK in the left eye. Vision
is 20/50 with good stereo acuity: no glasses or
contacts.
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Case 2

Patient No. 2 presented to me at nine years of age with UCVA of 20/100- in the
amblyopic left eye, a cycloplegic refraction of +2.75 in that eye, orthotropia, and
peripheral fusion. Spectacle correction and part-time occlusion therapy were initi-
ated; however, vision did not improve after one month, and the patient stopped
wearing spectacles. PRK was then performed ‘ off-label’ in the amblyopic eye. At
one month postoperatively, cycloplegic refraction was plano (no correction), but
vision did not improve. At three months postoperatively, vision improved to 20/
60 in the treated eye and the cornea was clear.

Neither patient had significant postoperative pain during re-epithelialization or
had any postoperative complications, and only patient No. 1 had transient periph-
eral corneal haze.

In conclusion, this small, retrospective pilot study suggests that PRK is safe and
effective in treating anisometropic hypermetropic amblyopia in children.9 Prolonged
corticosteroid treatment postoperatively appears to be necessary in order to pre-
vent corneal haze. The risks are minimal, as only the amblyopic eye undergoes
surgery and this is done with topical anesthesia. Because of the limited experience
for this indication and refractive condition, a prospective study is needed to assess
outcomes objectively. We now have a prospective pilot study underway at Cedars
Sinai Medical Center. The FDA has given us an Investigational Device Exemption
(IDE) and has approved a prospective pilot study of ten patients using PRK for
anisometropic hypermetropia, operating only on the amblyopic eye. This study
has also been approved by the IRB at Cedars-Sinai Medical Center.
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Questions and Answers

Cataract update II

Presiding Physician: Robert J. Balkan, MD

Dr Balkan: In the previous discussion of diplopia after cataract surgery, an un-
masked pre-existing misalignment could be the underlying cause, as opposed to,
say, marcaine or the effects of the retrobulbar injection.

Dr Kushner: Is the question relating now to these patients, or are we talking about
…?

Dr Balkan: We are talking about cataract surgery.

Dr Kushner: I think this was alluded to on the panel, and Darryl mentioned that
when they reviewed their series, and I’ve forgotten the numbers he mentioned,
but there was a large number of patients that probably had pre-existing thyroid
eye disease or something. This was more prevalent when cataract surgery wasn’t
done until vision really got poor, and people were walking around with 20/200
eyes and weren’t aware of a misalignment because they weren’t seeing double.
That is not done as much any more. I think it is a lot less common now. But
absolutely, I think that some patients are like that.

Dr Balkan: What is the difference between people who have idiopathic anisometro-
pia without strabismus and those that have strabismus, and recalcitrant diplopia.

Dr Kushner: If I understand the question correctly, why the idiopathic monovision,
the plano and -3.00 in one eye may not have strabismus. There are probably a lot
of different things we can say about that. I presume that these are patients who
have the anisometropic blur, but don’t have the underlying sensory defect. Most
adults who opt for monovision for presbyopia don’t develop strabismus. So, if
you have a good sensory backdrop, you can probably handle anisometropia. If I
can digress for a minute, I meant to mention one thing and I apologize, especially
being in New Orleans, but Sprague Eustis has of course reported using monovision
to treat high ACA ratio esos to get rid of the bifocals, and has had very good
results. And there is something very different about those patients. Because, num-
ber one, if I recall my discussions with Sprague correctly, these were patients who
all had very good sensory fusion in their proper optical corrections, which is very
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different from the shaky fusion in patients who break down, and number two,
these are patients who, when they are in their proper optical correction, on cover
tests, are straight. A patient intermittent exo is straight some of the time, but as
soon as you cover them, they are out 30 XT. What I am saying about monovision
here does not indict or preclude, or in any way contradict, the way that he is using
it. And I have used it in some patients, as Sprague does, and it works in the right
patients. I realize that I didn’t say that during my talk, so I seized this opportu-
nity.

Dr Wright: I published a paper about five or six years ago on monovision with
PRK. It was about forty patients. Half the patients had monovision, the other half
did not, and we compared their stereo acuity and their outcomes. When you talk
about monovision, you have to say how much. We found that if you were two
diopters or less of myopic anisometropia, they did great, but you go two and over,
and they didn’t do well. So whenever you talk about monovision, you can’t just
say monovision. You have to say how much monovision. It is absolutely true that,
even if you take a patient with normal fusion and you make them 2.5 or three
diopters of monovision, they are not going to like it. The final thing is that if you
ever wonder whether you should do monovision, do a contact lens trial. That is
really a nice way to go. Just do a contact lens trial.

Dr Balkan: One last question, this is for Dr Wright. A thirty-year-old patient is a
-3 myope in both eyes with alternating esotropia, and they want LASIK. They also
want their strabismus fixed. Which surgery should be done first?

Dr Wright: How old are they?

Dr Balkan: Thirty.

Dr Wright: A thirty-year-old with an alternating esotropia – it’s probably been
there forever, I imagine, so I wouldn’t think it really matters. Do they wear con-
tacts? If they wear contacts, your measurements are going to be the same as if it
were after refractive surgery. So I don’t think it really matters that much. One
thing in all adult patients on whom you are planning strabismus surgery, do prism
neutralization first, because sometimes they see double after their surgery.

Dr Balkan: One more thing. In the ten patients that you are able to enroll cur-
rently, what are you looking for in your PRK?

Dr Wright: I am trying to enroll ten patients. We just got this approval about six
months ago and we have not enrolled any yet. I have had two that I have done off
label. I have zero in my FDA approved study. What are the indications?

Dr Balkan: What would you especially be looking for?

Dr Wright: Hypermetropic anisotropic amblyopia, two lines or more, the hyper-
metropia has to be +2 or more, the good eye has to be within I think three-quarters
of a diopter of plano, and straight eyes and binocular fusion.
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Dr Balkan: I have lots of patients who just can’t bear the fact that their child is
going to have to wear glasses.

Dr Wright: They have to be eight years old or older, and they have to be able to
have a lid speculum placed in their eye in the office. You would probably find as
many as I do with those criteria. They are very strict criteria.

Dr George Ellis: I have two questions. One for Burt. You mentioned cycloplegia
as part of your work-up pre-refractive surgery. What we’ve found, and I don’t
know whether this has been your experience, and there was a discussion on the
pediatric ophthalmology internet web site about this a couple of months ago, is
that there is quite a difference in philosophy about which medication to use in this
cycloplegia, whether mydriacyl is adequate or whether cyclogyl is necessary. In
our practice, we find that there is missed hyperopia or under-evaluation of the
myopia when utilizing mydriacyl, no matter what the age is, and I am wondering
what your experience is with that.

Dr Kushner: I don’t have firsthand experience because I am not screening the
patients for refractive surgery, but in the manuscript which will be coming out, the
recommendation is to use cyclopentolate. I agree conceptually. I am going to back
up for a minute. A lot of the patients who get into trouble here are patients who
had childhood strabismus who become adults. And what I see time and time again
is these patients who had surgery as a kid or maybe haven’t had surgery, and then
they become teenagers and they move away, and they get optometric care or go
to a comprehensive ophthalmologist who does not dilate them when they refract
them. It is so common for hyperopic old strabismus patients to come in two, two-
and-a-half, three diopters under plus. I think that, in those patients, mydriacyl is
not adequate. Maybe if they are very light blue-eyed or something it may be okay,
but I would say, my gosh, you are going to be undergoing a surgical procedure,
why not use cyclopentolate. Is it the extra twenty minutes it takes to work, or the
extra 24 hours for it to wear off? I would sure as heck want that reassurance.

Dr Wright: It depends on the iris pigmentation. I have patients who are really
blue-eyed and really fair, and if you put in cyclogyl they will sometimes be dilated
for four or five days, and I have other patients in whom you have to put three or
four sets of cyclogyl and then you have to have them back with atropine. I think
that one thing you can do is to look for dynamic retinoscopy. I have them look
right at me and then I have them look down to the end of the room, and if I get
fluctuating readings on my retinoscopy I know that they are not cyclopleged.

Dr Ellis: I brought it up because I do see some of these patients coming in with
the question, is it okay for them to have refractive surgery, and they will have a
refraction, but it was usually done with mydriacyl, and we will routinely use
cyclogyl and almost always come up with additional hyperopia that was not
brought out by the mydriacyl, regardless of the color of the iris. I didn’t know if
that was the experience of others.

Dr Kushner: Ken, what you say is correct, but bear in mind (and I’m not saying
this to kind of be up on a pedestal) that most of the patients undergoing refractive
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surgery are having the refraction done by someone who typically does refraction
either with an autorefractor or they are not used to using retinoscopy the way a
pediatric ophthalmologist does. I think that you can tell very easily and I think I
can tell very easily with the retinoscope, doing dynamic retinoscopy, but I honestly
don’t think that most refractive surgeons are comfortable doing that. You also
want to come up with guidelines that make it easy for someone to get a routine
that he can be comfortable with for all his patients.

Dr Wright: I think you are right, Burt. Maybe we should make a law that only
pediatric ophthalmologists should do refractive surgery.

Dr Ellis: My last question for Ken is, what criteria will you have to have, at what
point are you going to feel comfortable doing refractive surgery on the routine
myope who comes into your office?

Dr Wright: I don’t feel at all comfortable doing that. They change so much.

Dr Ellis: You don’t think that’s ever going to happen?

Dr Wright: Unless you have a procedure that is reversible and doesn’t destroy
tissue, maybe a super intraocular contact lens that is not going to cause a cataract
or any inflammation, I don’t foresee it. It may happen. It probably will happen.
But I think it would have to be reversible or easily changed without causing any
damage, and we don’t have that now. Please understand, I do not do it for bilat-
eral hypermetropes, I do not do it for myopes. I have one very specific indication
– hyperopic anisometropic amblyopia, and I think it is the right thing for that. But
there are not many kids running around like that.

Dr Balkan: I want to thank you both. It was a great discussion.
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Etiology of infantile esotropia

In the past, infantile esotropia has been thought of as a single entity or syndrome
characterized by a large, constant-angle esotropia presenting by six months of age.
Two classic explanations for the cause of infantile esotropia are the Worth theory
and Chavasse theory. The Worth theory states that patients lack cortical fusion
potential and develop an esotropia because of a congenital cortical defect in bin-
ocular fusion.1 This theory places the blame on a primary cortical fusion deficit
present at birth, and states there is no hope for obtaining good binocular function.
The Chavasse theory, on the other hand, states that patients with congenital es-
otropia have cortical fusion potential at birth, but because of the detrimental effect
of the esotropia on binocular development, binocular potential is lost.1 Chavasse
supporters speculate that a primary motor abnormality causes the esotropia, and
that binocular fusion and even stereo acuity is obtainable if proper alignment is
achieved early, before permanent damage occurs to binocular vision development.
Recent work suggests that infantile esotropia may not be a single entity. It is likely that
there are many types of infantile esotropia, with many different etiologies. The diversity
of clinical characteristics reported by the Congenital Esotropia Observational Study
(CEOS) papers supports the notion that infantile esotropia is heterogeneous.2,3

Approximately 30% of patients have a congenital onset, while others are acquired in
late infancy. High hypermetropia (> +3.00) is common, occurring in approximately
25% of patients; however, another 25% will have minimal or no hypermetropia (≤ 1.00
D). The size and character of the esotropia also varies, and is often quite different from
the classical descriptions. Approximately half the patients will have medium- to small-
angle esotropia < 40 prism diopters (PD), many will have intermittent esotropia, and
only one-third, approximately, will have the classic large-angle > 40 PD constant
esotropia so often described in textbooks.4 The natural history of infantile esotropia is
also varied, with approximately one-third of the intermittent and small-angle patients
showing spontaneous resolution.

The cause of esotropia in a given individual is probably multi-factorial, comprised
of a variety of different sensory and motor abnormalities. For example, the amount of
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hypermetropia, innate binocular fusion potential, maturity of the horizontal muscle
function, and other factors work together to cause what we describe as infantile
esotropia. Some infants may have strong innate binocular fusion potential but have a
motor abnormality, while others may have a primary deficiency of binocular fusion.
However, when an infant presents with esotropia, we do not know their potential for
binocular fusion. As an optimist, I tend to give the infants the benefit of the doubt, and
treat them as if they have at least some binocular fusion potential. Described next is the
basic science rational and clinical experience of early surgery for infantile esotropia.

Basic science of binocular visual development

Basic science research clearly tells us that a constant tropia degrades binocular potential
in the visually immature, and the longer the esotropia is present, the greater the loss of
binocular potential. Hubel and Wiesel were among the first to show that strabismus
occurring during the early period of visual development causes permanent loss of
binocular cortical cells and disruption of binocular visual development.5 Studies by
Crawford and Von Noorden6,7 and Crawford et al.8 have shown that as little as three
weeks of prism-induced esotropia will cause permanent loss of binocular cells and
stereopsis in infant monkeys. Importantly, loss of binocular cells after brief periods of
prism-induced esotropia persisted after removing the prisms, even after allowing up
to three years for recovery. These studies also demonstrated that the loss of binocularity
is directly proportional to the duration of the esotropia (Fig. 1). One monkey week is
equal to about one human month, so (C) in Figure 1 is equivalent to approximately a
three-month-old human.

In humans, the critical period for the development of binocular vision appears to be
the first three to four months of life. 9-12,34 Stereopsis develops rapidly and is nearly
completed in infancy.3,9,13 Birch and Stager14 have demonstrated that, by five months of
age, about 40% of esotropic patients corrected with prisms had stereopsis. This is similar
to that found in infants of this age with normal visual development. After five months
of age, only about 20% of the early-onset esotropic patients demonstrated stereopsis,
in contrast to 100% of normal infants. The timetable for the development of early
binocular fusion may even be earlier than stereo acuity development. I have personally
seen compensatory head posturing and a gaze preference associated with incomitant
strabismus in infants of as young as three weeks old, thus indicating the presence of
binocular fusion. In order to optimize binocular visual development, proper alignment
should be obtained as early as is practical.

Clinical experience with early surgery

Historically, patients with infantile esotropia had a poor prognosis for obtaining
binocular fusion. Costenbader was the first to show that peripheral fusion could be
obtained if surgical alignment was obtained by the age of two years.15 In a landmark
article, Ing16 demonstrated the importance of early surgery before two years of age. He
reported that approximately 80% of patients with congenital esotropia achieved
peripheral fusion if aligned prior to two years of age, while only 20% of those aligned
after two years of age had binocular fusion. Monofixation syndrome was originally
described by Parks, and consists of a small-angle deviation (<10 PD) with central
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suppression of the deviated eye and binocular peripheral fusion. These patients have
both a phoria and a tropia, with stereo acuity ranging from 70–3000 seconds of arc.1

For most experts, monofixation is the sensory goal of surgery and is considered the
best possible result in patients with congenital esotropia. Monofixation with peripheral
fusion does afford some motor stability, but recurrent strabismus is common. More
than 25% of infantile esotropia patients who obtain monofixation with peripheral fusion
will develop recurrent strabismus and lose their binocular fusion within five years
after the primary surgery.17 Thus, monofixation syndrome does help to maintain
alignment, but does not guarantee long-term stability.

More recent studies indicate that early surgery performed before one year of age
results in improved binocular function and allows for the development of random dot
stereo acuity, which represents fine stereo acuity.4,18 Birch et al. reported that successful
surgical alignment prior to one year of age resulted in a random dot stereo acuity of
200 sec arc in 50% of patients, while none who were aligned after one year of age had
random dot stereo acuity.19 Surgery prior to six months of age remains controversial,
but it appears to be safe and may provide the best sensory outcomes.12,20 In 2001, Ing18

Fig. 1. Primate occipital cortical representation of innervational input from the eyes. Percentage
of cortical neurons innervated by both eyes (B), only the right eye (R) or only the left eye (L) is
shown on the Y axis. A. Normal distribution with the majority (< 40%) of cortical neurons hav-
ing binocular input (B), and the minority having input from one eye only, either the right (R) or
the left (L). B. Distribution of cortical neurons after 18 days of prism-induced esotropia in in-
fancy. Note that the spike of binocular neurons (B) seen in A has diminished to about 25% and
the right (R) and left (L) neurons have increased. C. Innervational distribution after 20 days of
prism-induced esotropia in an infant primate. Note that the binocular cortical neurons have
almost totally disappeared (B) and that the monocular neurons are in the majority. The left-eyed
neurons (L) are dominant over the right (R), indicating a right amblyopia. The longer the dura-
tion of the esotropia, the greater the loss of binocular cortical neurons. (Reproduced from
Crawford and Von Noorden6 by courtesy of Investigative Ophthalmology and Visual Science.)
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reported that alignment within one year of age or within 12 months of misalignment
favorably affects the percentage of patients who develop stereo acuity, and that the
duration of the strabismus correlated with the quality of stereo acuity. Critical to good
sensory outcomes is not just early surgery, but also early alignment of the eyes. Even a
small residual esotropia will disrupt bifoveal fusion and high-grade stereo acuity. It is
important to note that older papers reporting poor outcomes with early surgery used
inadequate surgical numbers, with 5.0-5.5 mm as maximum bilateral medial rectus
recessions.

In 1994, I reported very early surgery for congenital esotropia in the first series of
patients with truly congenital esotropia who obtained high-grade stereopsis.12 Seven
infants operated on at between 13 and 19 weeks of age had a follow-up of two to eight
years (mean, 4.1 years). Surgery consisted of bilateral medial rectus recessions of bet-
ween 5.5 and 6.5 mm. All the infants had excellent alignment at the final visit with a
tropia of 8 PD or less. Five of the seven required only one operation to obtain good
alignment over the follow-up period, and two required one re-operation. Five children
cooperated with stereo testing at the outcome examination and all five showed stereo
acuity ranging from 40 to 400 seconds arc. Three children achieved high-grade stereo
acuity by random dot testing and two had 40 seconds arc. Figures 2 and 3 show pre-
and postoperative photographs of the two patients who obtained 40 seconds arc stereo
acuity after very early surgery.

Helveston et al.20 reported the results of ten infants operated on for infantile esotropia
at between 12 and 23 weeks of age. All achieved a final alignment within 10 PD of
orthotropia, although many required re-operation, as the follow-up was as long as ten
years. Four patients obtained stereo acuity, one with 140 seconds arc. This study stresses
that obtaining stereo acuity in patients with infantile esotropia is possible, albeit difficult,
and that strabismus surgery can be safely performed on infants.

It is often argued that the incidence of dissociated vertical deviation (DVD) has
remained high, despite early surgery for infantile esotropia. It is true that the percen-
tage of patients with DVD remains high, but the severity of the DVD has seemed to
diminish. Surgery in older children for DVD used to be commonplace when I was a
resident in the late 1970s and early 1980s. However, over the last ten years, I have
found that I rarely have a child with DVD severe enough to undergo surgery. This is
anecdotal, but perhaps early surgery has improved motor fusion and has subtly reduced
the incidence of severe DVD.

There is growing evidence that the outcome of surgery for infantile esotropia can be
improved by early intervention to align the eyes as soon as the diagnosis has been
firmly established, even operating prior to six months of age. The best time to operate
on infantile esotropia remains controversial, but it is clear that to wait is to risk loss of
binocular function.12,20,22-24

Current treatment of infantile esotropia

The current trend is one of performing surgery progressively earlier in the hopes of
improving postoperative results. I advocate early surgical intervention, as early as three
months of age, if the deviation is at least 40 PD, is a constant tropia, and the patient has
had two examinations two weeks apart verifying that the deviation is stable or
increasing. If the esotropia is small or intermittent, then surgery should be postponed
until at least six to eight months of age, as these patients frequently improve
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Fig. 2. Early surgery for congenital esotropia patient. A. Photograph of a one-week-old infant
with congenital esotropia. B. Surgery was performed at 13 weeks of age. Photograph taken at
one day after bilateral medial rectus recessions, 6.0 mm, showing consecutive exotropia. The
exotropia was intermittent and resolved a few days after surgery. C. Same patient at five years
of age with excellent alignment and best sensory results ever reported. At seven years of age,
the patient still has straight eyes, no DVD, no IOOA, 40 sec stereo. There is only a trace OKN
asymmetry seen by EOG; not seen clinically. (Reproduced from Wright and Spiegel21, by cour-
tesy of the Publisher.)

A

B
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spontaneously. A patient with a refractive error of +3.00 diopters or greater should be
given full hypermetropic correction prior to surgical intervention. If the patient still
has an esodeviation, surgery for partially accommodative esotropia is recommended.25

We found that it was important to obtain an initial surgical overcorrection in patients
undergoing early surgery, in order to optimize the chances of achieving a good sensory
outcome. The consecutive exotropia usually only lasts a day or so, often becoming
intermittent within hours after surgery. Scott also reported that an initial overcorrection
in the immediate postoperative period is desirable.26 Humans naturally have strong
innate fusional convergence amplitudes that measure well over 30 PD. Divergence, on
the other hand, is normally weak and measures only 5 to 6 PD. Newborn infants use
strong fusional convergence to establish eye alignment, as 70% of newborns have
physiological exotropia.27 Our strategy is to follow nature and leave the patients with a
small exotropia immediately after surgery. However, if even a small postoperative
esotropia is present, it is unlikely that it will be fused, as our natural fusional divergence

Fig. 3. Early surgery for congenital esotropia patient. A. Preoperative photograph of patient
with infantile esotropia at 19 weeks of age. B. Postoperative Day 1 with consecutive intermittent
exotropia, lasting for one to two days. C. Photograph taken at eight years of age; with 40 sec
stereo with slight intermittent exotropia. One year later, the patient underwent bilateral lateral
rectus recessions. D. At 14 years of age, excellent alignment and 40 sec arc stereo. (Reproduced
from Wright and Spiegel21, by courtesy of the Publisher.)

A B

C D

noao2003-13.pmd 1/12/2004, 9:13 AM104



Why do early surgery for infantile esotropia? 105

is small. For these reasons, I recommend performing the full amount of surgery
suggested by the standard strabismus tables, even though they are designed for older
children.21,28

Why do some patients achieve good stereopsis with late surgery?

Patients in most, if not all, clinical studies represent various types of infantile
esotropia. Some of the patients classified as congenital or early-onset infantile
esotropia may have acquired partially accommodative esotropia, others intermit-
tent small-angle esotropia, and yet others late-onset acquired esotropia. The sen-
sory prognosis is better if the onset is later and if the esotropia is intermittent, since
this allows for binocular visual development. This is why there have been reports
of congenital or infantile esotropia patients who demonstrated stereo acuity fol-
lowing ‘late’ surgery, even when surgical correction was performed in adulthood
(Fig. 4).29

It is interesting to note that only two patients in Ing’s 1981 study achieved 40 seconds
arc stereo acuity, and both were surgically corrected after one year of age, well beyond
the critical period of binocular visual development. It is likely that these infants, who
were classified as having congenital esotropia, actually had acquired or intermittent
esotropia, and that their eyes were straight during the first months of life, which allowed
for the development of binocular cortical cells. Once binocular fusion is established in
early infancy, the prognosis for re-establishing fusion is relatively good. Therefore,
there is an inherent bias for children with later surgery to have good sensory outcomes,
as surgery is not performed early if the deviation is small, intermittent, or acquired.
Since some patients with infantile esotropia can achieve binocular fusion with late
surgery, we should not categorically assume that an older patient with esotropia does
not have fusion potential.

Problems with very early surgery

Critics of early surgery (prior to six months of age) for congenital esotropia often
bring up two important issues: 1. Is the eye too small; and 2. will the esotropia
spontaneously resolve? The quick answer is: 1. no, the eye is not too small; and 2.
esotropia rarely resolves if it is constant, greater than 40 PD, and is seen to be
stable or increasing on follow-up examinations. The full explanation is as follows:

Is the eye big enough for surgery?

Ken Swan’s article is often quoted as showing that the eye is too small to perform
early surgery (Fig. 5).30 The figure from Swan’s article compares a newborn infant
eye with an adult eye. Since we are not advocating surgery on a newborn, citing
this article is not appropriate.

We suggest surgery at three months of age if the criteria are met (i.e., ET > 40 PD,
constant tropia, stable or increasing angle seen on at least two examinations). Strabis-
mus surgery is generally accepted for infantile esotropia at six months of age. The
difference in axial length between a six-month-old eye is, on average, only 0.5 mm
longer than a three-month-old eye, and therefore, the difference in eye size is not signi-
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ficant. My experience confirms this, as performing a medial rectus recession on a three-
month-old child is about the same as performing one on a six-month-old. In addition,
our long-term results have shown stable alignment with good adduction. Helveston20

reported that surgery could safely be performed in infants of less than six months old.
We have found that the size of the eye is not a significant factor and, in fact, use the
standard strabismus surgical numbers on infants of less than six months of age.

Spontaneous resolution of esotropia – will the ET go away?

Until the data from the CEOS collaborative group became available, there was limited
information on the spontaneous resolution of early-onset esotropia. Birch et al.31

prospectively followed 80 infants with esotropia, who were first seen at two to four

Fig. 4. Large-angle esotropia. A. A teenager with large-angle esotropia that mother thinks was
present at birth; no previous strabismus surgery. B. Postoperatively after bilateral medial rectus
recessions. The patient had excellent alignment and peripheral fusion with gross stereo acuity.
Old records indicate that the patient is hypermetropic, and probably had an intermittent esotro-
pia acquired during late infancy. If fusion is established in infancy, it is often retrievable later, in
contrast to constant congenital esotropia, which has a poor prognosis for fusion if alignment is
delayed. (Reproduced from Wright and Spiegel21, by courtesy of the Publisher.)
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B
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months of age. Resolution without surgery occurred at six months of age in three of
eight patients whose initial deviation was intermittent or variable, in three of 23 patients
with a constant esotropia ≤ 35 PD (two of whom were given spectacle correction for
hypermetropia), and in none of 49 with a constant esotropia ≥ 40 PD. Clarke and Noel32

described three cases of constant esotropia diagnosed by six months of age that
spontaneously decreased to less than 10 PD after one year of age, but retained persist-
ent signs of abnormal motor development, including dissociated vertical deviation
and latent nystagmus. Friedrich and De Decker25 described one case of transient, variable
large-angle esotropia and six cases of small to moderate angle, mostly intermittent
esotropia, first noted between one and three months of age, which resolved
spontaneously.

The findings of the CEOS provide the best data on the spontaneous resolution of
infantile esotropia.2 Eligibility criteria for this multicenter prospective study included
full-term infants, esotropia measuring at least 20 PD in the primary position, and age
at enrollment of 4 to < 20 weeks. Of 170 patients, 46 (27%) spontaneously resolved to
within 8 PD of orthotropia at the outcome examination, either with or without spectacle
correction. The majority of patients who resolved spontaneously had a small angle <
40 PD, variable angles, or intermittent esotropia. Of 42 patients with constant esotropia
of ≥ 40 PD on both the baseline and first follow-up examination, and with a refractive
error of ≤ +3.00 diopters, the esotropia was resolved at the outcome examination in
only one patient (2%). In another patient, who had esotropia of 35 PD at baseline and
40 PD at the outcome examination, the esotropia resolved after the outcome examination.
The CEOS concluded that early-onset esotropia frequently resolves in patients first
examined at less than 20 weeks of age, particularly when the deviation is < 40 PD in
size and is intermittent or variable. Cases with a constant deviation of ≥ 40 PD presenting
after ten weeks of age, have a low likelihood of spontaneous resolution.

Ing33 reported that, in 41 cases of esotropia seen at an average age of six months, the
esotropia increased between the first examination and the time of surgery by 10 PD or
more in 61%, and did not decrease by 10 PD or more in any of the patients. Because this

Fig. 5. The eye on the left is from a newborn, the eye on the right from an adult. (Reproduced
from Swan and Wilkins,30 by courtesy of the Journal of Pediatric Ophthalmology and Strabismus.)
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was a retrospective study of patients who had undergone strabismus surgery, there
might have been a selection bias for patients with increasing esotropia.

Thus, spontaneous resolution of infantile esotropia does occur, especially if the
deviation is small, variable, or intermittent. However, infants with a constant deviation
of ≥ 40 PD on two examinations and with less than +3.00 D of hyperopia, have a low
likelihood of spontaneous resolution, and will usually require surgery.

Conclusions

Both basic science and clinical studies strongly support the notion that early sur-
gery for infantile esotropia, in children of less than one year of age, improves the
chances of the patient developing binocular fusion and stereo acuity. In addition,
very early surgery prior to six months of age, and even in infants of as young as
three months of age, appears to be safe and may be of critical importance in
establishing a high level of binocular fusion and stereopsis. It is likely that the
most important factor which has been recognized to optimize the chances of ob-
taining binocular fusion and stereo acuity is to reduce the duration of the esotro-
pia.

I suggest operating for infantile esotropia at as early as 12 to 13 weeks of age, as long
as there is a constant tropia, a deviation ≥ 40 PD, and there have been at least two
examinations (two to four weeks apart) documenting that the deviation is stable or
increasing. Infants with small to moderate deviations, intermittent deviations, or
variable-angle esotropia should probably be observed until six months of age or older
before contemplating strabismus surgery. My procedure of choice is bilateral medial
rectus recessions using the standard tables. The maximum recession in infants younger
than five months of age is 6.0-6.5 mm, measuring from the medial rectus muscle
insertion.

It is not easy going and the goal is sometimes elusive, but it is certainly worth
the effort when a child with infantile esotropia achieves binocular fusion, high-
grade stereo acuity, and, best of all, straight eyes.
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Abstract

Scleral search coil eye movement recordings of nine patients with dissociated vertical devia-
tion (DVD) were examined to determine the relationship between DVD and latent nystagmus.
Latent nystagmus practically always appears initially, when one eye is occluded, and becomes
damped as the DVD develops. The damping occurs over 0.3 to three seconds and is often only
partial, identified as a decreasing slope of the slow phase of the nystagmus. Occasionally, if
the DVD response diminishes, the latent nystagmus reappears. A DVD response can be re-
corded in total darkness in those individuals who can voluntarily imagine switching ‘fixa-
tion’ (attention) from one eye to the other. This evidence supports the view that DVD is a
learned, anticipatory, vergence response, occurring upon taking up unilateral fixation, serving
to damp or block latent nystagmus. (Adapted from Guyton DL, Zee DS: Further evidence that
DVD serves to damp or block latent nystagmus. In: De Faber (ed) Transactions 27th Meeting
European Strabismological Association, pp 101-104. Lisse/Abington/Exton (PA)/Tokyo: Swets
& Zeitlinger 2001.)

Introduction

The etiology and mechanism of dissociated vertical deviation (DVD) have never
completely been explained. In particular, does DVD serve a useful function?

We have previously provided evidence to support the theory that DVD serves
to damp latent and manifest latent nystagmus, thereby improving vision in the
fixing eye.1,2 Others have proposed that DVD represents a vestigial, primitive right-
ing reflex, serving no useful function in humans.3 This study further investigates
the relationship between DVD and latent nystagmus.

Material and methods

We used dual-coil scleral search coils in nine young adult patients with DVD to
record their horizontal, vertical, and torsional eye movements, simultaneously in

Address for correspondence: David L. Guyton, MD, Wilmer Institute 233, Johns Hopkins Hospital,
Baltimore, MD 21287-9028, USA. Email: dguyton@jhmi.edu
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both eyes, during various fixation tasks. During the recording session, the patient
looked straight ahead at a fixation light on a black wall at a distance of 1.25 m. The
examiner occluded one eye, the other eye, or sometimes both eyes, according to the
testing paradigm. The room lights and fixation light could be extinguished to test
in total darkness.

Results

Figure 1 is a typical recording, showing DVD rapidly developing in the left eye
when it is suddenly occluded. Here the left eye (LEV = left eye vertical) elevates
almost 20 degrees in a rapid DVD response when the left eye is occluded. The right
eye (REV) takes up fixation, and its tracings remain at zero degrees on the baseline.

Most commonly, latent nystagmus appears initially, when one eye is occluded,
and becomes damped as the DVD develops. In Figure 2, an enlargement of part of
Figure 1, significant latent nystagmus develops shortly after the left eye is occluded,
with vertical, torsional, and horizontal components. This nystagmus becomes
damped almost completely as the DVD develops, within less than a second.  The
fixing right eye’s tracings become practically stable on the baseline.

In one patient (Fig. 3), the latent nystagmus appears vigorously when the left eye
is occluded, and becomes damped slowly – over three seconds.  Most commonly,
though, the latent nystagmus damps only partially.  In the tracings in Figure 4, of
the same patient as in Figure 3 but now with right DVD demonstrated, the damping
is evident primarily by the decreasing slope of the slow phase of the latent
nystagmus.

Latent nystagmus initially becomes damped as DVD develops, but it may reappear

Fig. 1. Typical recording showing left DVD.
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Fig. 2. Latent nystagmus developing and becoming damped in less than a second.

Fig. 3. Latent nystagmus developing and becoming damped over three seconds.

if the DVD response diminishes. In Figures 5 and 6, the latent nystagmus reappears
as the DVD response diminishes.

We recorded typical latent nystagmus waveforms in all nine of our patients
when one eye was occluded. In two of them, however, the latent nystagmus was so
minimal that it was not visible clinically. And yet significant DVD still developed.
In order to investigate the hypothesis that DVD may occur as an anticipatory
phenomenon which blocks clinically visible latent nystagmus from appearing in
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the first place, we recorded several of the patients in total darkness. We discovered
that a DVD response can be recorded in total darkness in individuals who can
voluntarily imagine switching ‘fixation’ (attention) from one eye to the other.
For the tracings in Figure 7, the lights are on. The right eye is fixing, with mild
latent nystagmus. Then the patient voluntarily switches fixation to the other eye,
the left eye.  DVD appears, with the right eye (REV) going up four or five degrees.
In Figure 8 the lights are off. The patient is imagining fixing with the right eye, and

Fig. 4. Partial damping of the latent nystagmus, as evidenced by the decreasing slope of the slow
phase of the nystagmus.

Fig. 5. Latent nystagmus reappears as the DVD response diminishes, RE fixing first.
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Fig. 6. Same reappearance of latent nystagmus as in Figure 5, with LE fixing first.

then imagines switching fixation to the left eye. The same DVD response occurs,
in total darkness!

Discussion

Many strabismologists believe that there is no connection between DVD and latent
nystagmus – that they are separate phenomena even though they often coexist.

Fig. 7. Voluntarily switching fixation from RE to LE with the lights on.

noao2003-14.pmd 12/5/2003, 12:52 PM115



116 D.L. Guyton

However, because of the evidence presented in these tracings, we believe other-
wise.

Damping of latent nystagmus practically always occurs as DVD develops, and
the latent nystagmus can reappear if the DVD response wears off. A typical DVD
response can occur in total darkness in those patients who can imagine switching
‘fixation’ (attention) from one eye to the other. This indicates that DVD is a
reflexive phenomenon occurring upon taking up unilateral fixation, even when
imagining doing so. We believe that this reflexive phenomenon is a learned, antici-
patory, eye movement whose vergence component serves to damp, or in some
cases almost completely block, cyclovertical latent nystagmus.

There is a familiar precedent for such an anticipatory eye movement. This is the
‘rebound’ or ‘bounce’ phenomenon that often occurs when measuring strabis-
mus with the prism and cover test.

All this evidence taken together thus helps to support our original conclusions:1,2

1. that the mechanism of DVD is starting to make sense; 2. that Hering’s law is
being obeyed after all – specifically by each component of the DVD response; 3.
and, finally, that DVD probably does serve a useful function – to improve vision
by helping to damp cyclovertical latent nystagmus.
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Surgery for dissociated vertical deviation – new approaches

David L. Guyton

The Krieger Children’s Eye Center at the Wilmer Institute, The Johns Hopkins University
School of Medicine, Baltimore, MD, USA

Abstract

The oblique extraocular muscles appear to play a greater role than previously thought in disso-
ciated vertical deviation (DVD). Scleral search coil recordings show that the vertical vergence
component of DVD, because of the accompanying torsional changes, receives significant contri-
bution from the oblique extraocular muscles. Based on these findings, new surgical approaches
for DVD have been attempted, with the purpose of decreasing the vertical action of the oblique
muscles. Recession and anterior transposition of all the oblique muscles has given excellent
results in some patients but poor results in others, with correction averaging about half the
amplitude of the DVD. Large weakening procedures of all the oblique muscles, without anterior
transposition, have not been helpful, not correcting more than 40% of the DVD in any case.
Bilateral weakening of all four elevators has decreased the amplitude of DVD by 50-70%, but in
two of three cases yielded objectionable retraction of both upper lids. The best surgical approach
to DVD is yet to be determined and may depend upon specific assessment of the torsional and
vertical components of the particular patient’s DVD response. (Adapted and revised from
Guyton DL: Surgery for DVD: new approaches. American Orthoptic Journal 51:107-110, 2001.)

Dissociated vertical deviation (DVD) was first described in 1895,3 but the cause and
mechanism of this phenomenon have never been satisfactorily understood. How-
ever, over the past eight years, neurophysiological studies and video-oculographical
and scleral search coil recordings have yielded new information.1,4,5

The cause of DVD has been argued to be a vestigial righting reflex induced by
unequal input from the two eyes to the vestibular system.6 The vestibular system
is certainly involved, but we believe that the DVD response is actually an exag-
geration of a normal eye movement, one that is learned, and one that serves the
purpose of damping latent nystagmus by a nystagmus blockage mechanism.1,2 The
latent nystagmus, which begins when one eye is covered, is totally or partially
damped as the covered eye elevates and extorts. In patients who show no observ-
able latent nystagmus, but who still show DVD, we have proposed that the DVD
is an anticipatory response which actually keeps the latent nystagmus from ap-
pearing in the first place.
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Whether DVD is a purposeless or purposeful phenomenon is still a matter of
debate. Nevertheless, the vergences and versions which add together to create the
DVD response can be teased apart by careful scleral search coil recordings.1,2 Such
recordings have shown a greater role for the oblique extraocular muscles in pro-
ducing the vergence response than previously realized. In keeping with Enright’s
finding that the oblique muscles are largely responsible for vertical fusional ver-
gence, the vergence making up the DVD response also appears to involve the
oblique muscles.

As a rule, when one eye is covered, the fixing eye tends to depress and intort,
whereas the non-fixing eye, behind the cover, elevates and extorts. Because of the
simultaneous depression and intorsion of the fixing eye, the superior oblique muscle
in the fixing eye must be playing a significant role. Because of the simultaneous
elevation and extorsion of the non-fixing eye, the inferior oblique muscle in the
non-fixing eye must be playing a significant role.

Other muscles are involved as well, in order for the fixing eye to maintain
fixation. Both vertical and horizontal versions occur to stabilize fixation and to
switch fixation from one eye to the other when needed. When separated into the
constituent vergences and versions, the DVD response can be better understood.
Each version and vergence does appear to obey Hering’s law,1,2 although the
combined response, as might be expected, does not.

Because the vertical vergence involved in DVD appears to have a significant
dependence on the oblique muscles, surgical decrease or elimination of the vertical
effects of the oblique muscles might be expected to decrease the vertical amplitude
of the DVD response. The most common procedures currently used for the surgi-
cal treatment of DVD are bilateral superior rectus recession and bilateral inferior
oblique recession/anterior transposition. Bilateral inferior oblique recession/ante-
rior transpositions decrease and perhaps actually reverse, the vertical action of the
inferior oblique muscles, but the superior oblique muscles are still able to partici-
pate in the DVD response.

It appeared logical, therefore, to perform a procedure that would decrease the
vertical action of the superior oblique muscles as well as the inferior oblique
muscles. With some trepidation, and extensive informed consent, I performed such
a procedure on an 11-year-old girl with approximately 20 prism diopters of DVD
bilaterally and 8 prism diopters of exotropia. Each inferior oblique muscle was
disinserted and attached at the temporal corner of the respective inferior rectus
muscle. Each superior oblique tendon was disinserted and attached at the tempo-
ral corner of the respective superior rectus muscle. The DVD appeared to be im-
mediately abolished when the patient was examined four hours after the surgery,
but by eight weeks postoperatively half the DVD had returned. However, it was
less spontaneous, and both patient and parents were quite pleased. I was not
satisfied, however, because significant DVD was still present.

Another patient, 28 years old, in whom I performed bilateral inferior oblique
recession/anterior transposition and superior oblique recession/anterior transpo-
sition, developed increased esotropia postoperatively, together with an A pattern,
a bilateral Brown’s syndrome, and torsional diplopia. It was clear that the supe-
rior oblique muscles were not weakened enough from being disinserted and re-
attached to the temporal corner of the superior rectus muscles. Re-operation on
this patient consisted of weakening both superior oblique tendons nasal to the
respective superior rectus muscle, using a Mersilene suture to separate the ends of
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the cut tendons an average of 5 mm. Postoperatively, the result was excellent, with
trace, if any, DVD remaining, no significant horizontal deviation, and a delighted
patient.

Two further patients underwent bilateral inferior oblique recession/anterior
transposition and bilateral superior oblique recession with anterior transposition
to the nasal corner of the superior rectus muscle. The DVD was not totally abol-
ished in these two patients, but only decreased by 50%. There was no significant
change in horizontal deviation except in very far downgaze, where a large esotro-
pia was the result. However, this large esotropia in far downgaze was not symp-
tomatic, and it had not been noted by either the patients or by me initially. The
esotropia was clearly due to the significant superior oblique weakening and ante-
rior transposition.

In two patients, aged 16 and 18 years, respectively, I tried another approach,
that of extensive weakening of all the oblique muscles. Both inferior oblique muscles
underwent large myectomies, and both superior oblique muscles underwent teno-
tomy nasal to the superior rectus muscle. The DVD became less spontaneous in
both patients, but on prism and cover testing, the DVD measured at least 60-80%
as much as it had preoperatively. With these disappointing results, I abandoned
this approach.

Gamio7 has subsequently reported reasonably good results for DVD with bilat-
eral inferior oblique recessions (“sutured 4 mm posterior and 0.4 mm temporal to
the temporal corner of the inferior rectus muscle insertion”) combined with bilat-
eral superior oblique recession and posterior transposition according to Prieto-
Díaz’s technique.8 She placed the anterior corner of the disinserted superior ob-
lique tendon 12 mm posterior to the limbus and 3 mm medial to the nasal edge of
the superior rectus muscle. The posterior corner was placed 6-8 mm farther back
and 4-6 mm medial to the nasal edge of the superior rectus muscle.

A further patient was especially instructive. This ten-year-old girl had previ-
ously undergone bilateral inferior oblique recession/anterior transposition to the
temporal corner of the respective inferior rectus muscle at the age of two years.
Now at ten years of age, she had bilateral DVD, asymmetric, together with bilat-
eral superior oblique overaction and an A pattern of 21 prism diopters. Bilateral
superior oblique recession/anterior transposition was performed, attaching the
superior oblique tendon ends to the sclera at the nasal corner of the superior rectus
muscles. The result was disappointing, with absolutely no change in the DVD,
perhaps even worse on the more involved side. An 8-mm recession of the superior
rectus muscle on that side subsequently gave a good postoperative result. How-
ever, the original superior oblique recession/anterior transposition surgery, being
essentially ineffective, was a strong indication that, at least in this patient, the
rectus muscles were more involved in the vergence component of the DVD re-
sponse than I had previously suspected. On the basis of this observation, it may
become necessary to carefully measure the torsional component of the DVD re-
sponse, compared to the vertical component, in order to determine whether ob-
lique muscle surgery or vertical rectus muscle surgery will be more important in
the correction performed.

Most recently, following the suggestion by Varn et al.,9 I have performed bilat-
eral weakening of all four elevators of the eyes by performing bilateral inferior
oblique recession/anterior transposition and bilateral superior rectus recession,
with the latter placed on adjustable sutures. This procedure corrected 50-70% of
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the DVD, but, in two of my three patients, yielded an objectionable bilateral upper
lid retraction, as well as a chin-up posture necessary for comfortable vision. Al-
though such lid retraction often improves with time, it had not improved in either
of these patients by six months postoperatively.

In summary, we still do not know the best surgical approach to correct DVD. It is
clear that both the oblique muscles and the rectus muscles are involved in the
vertical vergence component of the DVD response, and the relative proportion of
the involvement by these muscle groups may be different in different patients. In
the future, it may be wise to develop methods to determine the relative contribu-
tion of the various muscles to a given patient’s DVD response, so that surgical
intervention can be designed accordingly. A totally new surgical approach, one not
yet conceived, may provide a better solution than any approach yet tried.

If the DVD is truly a nystagmus-blockage phenomenon, then pharmacological
means that could damp the latent nystagmus might be the best approach of all for
controlling DVD, but such a pharmacological approach is not yet available.
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Complications of inferior oblique surgery
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The inferior oblique muscle is the most forgiving when it comes to surgery. Nev-
ertheless, there are a number of mechanisms by which complications can occur
when one operates on the inferior oblique muscle.

Errors in diagnosis

Pseudo inferior oblique overaction

There is a variant of Duane syndrome that looks very similar to inferior oblique
overaction. This entity is characterized by a marked splaying out of the adducted eye
on sidegaze, as it moves into elevation, resulting in a Y or V pattern. This entity has
been named ‘pseudo inferior oblique overaction.’1 It differs from true inferior oblique
overaction in several respects. Pseudo inferior oblique overaction is not associated
with superior oblique underaction, has no objective fundus torsion, and typically does
not show any elevation of the adducted eye on direct horizontal sight gaze (Fig. 1).
Surgery to weaken the inferior oblique muscles will have absolutely no effect on this
dramatic motility pattern. This entity can be effectively treated by supraplacement of
the lateral rectus muscles, perhaps with recession, depending on size of the deviation
in the primary position. It is thought that co-contraction of the lateral rectus muscles
on upgaze causes the problem.

Anti-elevation syndrome

This entity occurs as a complication of anterior transposition of the inferior oblique
muscle as is commonly performed to treat DVD.2 This operation converts the inferior
oblique muscle into an anti-elevator, particularly in abduction. If there is an excessive
effect from this operation, the operated eye cannot elevate in abduction, which causes
a compensatory upshoot of the contralateral eye (due to fixation duress) in adduction

Address for correspondence: Burton J. Kushner, MD, 2870 University Avenue, Suite 206, Madison,
WI 53705, USA. Email: bkushner@facstaff.wisc.edu
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which mimics inferior oblique overaction of the contralateral eye. The occurrence of
this problem can be minimized by limiting the anterior placement of the inferior oblique
muscle to the level of the inferior rectus muscle insertion, and by minimizing lateral
placement of the posterior lateral corner of the inferior oblique muscle at the time of
transposition. The anti-elevation syndrome can be treated by converting the anterior
transposition to a simple recession of the inferior oblique muscle. The important thing
to recognize in treating this entity is that the abducting eye is the offending eye, causing
an upshoot of the contralateral eye (Fig. 2).

Dissociated vertical divergence

Dissociated vertical divergence (DVD) can mimic inferior oblique overaction.3 It is
generally thought that the nose acts as an occluder causing the eye to elevate on
adduction when versions are being tested. Although DVD can often be associated
with true inferior oblique muscle overaction, it can occur in the absence of inferior
oblique muscle overaction. It can even occur in the face of superior oblique overaction.
In these latter two situations, surgery to weaken the inferior oblique muscle in the
form of a simple recession or myectomy will have little or no effect on treating the
DVD. DVD can be differentiated from true inferior oblique overaction by assessing
the behavior of the abducting eye under cover. If, when performing an alternate cover
test in sidegaze, there is no hypotropia of the abducting eye, and particularly if there
is a hypertropia of the abducting eye, we are dealing with DVD (Fig. 3).

Fig. 1. Patient with pseudo inferior oblique overaction with a Y pattern. Note there is no eleva-
tion of either eye on direct horizontal gaze and no superior oblique underaction (despite the
rather marked splaying out in upgaze). There was no objective fundus torsion seen.
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Fig. 2. Patient with the anti-elevation syndrome after prior bilateral inferior oblique anterior
transposition. There is a large V pattern and what looks like residual bilateral inferior oblique
overaction.

Fig. 3. Patient with elevation of the abducting eye on horizontal sidegaze (upper photos) which
mimics inferior oblique overaction. When the abducted eye is viewed behind a cover (lower left
photo) or when blurred with a +10 D lens (lower right photo) , a hypertropia of the abducting
eye is seen thus confirming the diagnosis of DVD. (Reprinted from Benegas et al.,3 by courtesy of
the Archives of Ophthalmology, Vol. 118, pages 1071-73, 2003. Copyrighted 2003, American Medi-
cal Association.)
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Pulley anomalies and instability

Either pulley heterotopia or instability, as described by Demer and co-workers,4,5 can
mimic inferior oblique overaction.4,5 In these situations, surgery of the inferior oblique
muscle will not normalize the motility pattern.

Craniofacial syndromes

Many patients with craniofacial syndromes have motility patterns that can mimic
inferior oblique overaction. These are typically caused by orbital rotation (and
subsequent anomalous positioning of the extraocular muscles) or absence of the rectus
muscles (frequently the superior rectus muscles). In these patients, surgery of the
inferior oblique muscle will not benefit the abnormal motility pattern.

Duane syndrome

Duane syndrome is often characterized by upshoots of the affected eye(s) in adduction.
This can resemble inferior oblique overaction. The upshoot is in fact caused by slip-
page of the co-contracting lateral rectus muscle above the horizontal meridian, resulting
in an upshoot.6,7 In these patients, surgery to weaken the inferior oblique muscle will
not improve the upshoot.

Restrictions

A restriction of the inferior rectus muscle may cause an upshoot of the contralateral
eye when the affected eye attempts to elevate in abduction.8 Particularly if the patient
fixates with the affected eye because of poorer vision in the contralateral eye, the
patient may be misdiagnosed as having inferior oblique overaction in the unaffected
eye. This restriction is especially likely to occur in patients with orbital floor fracture
or Graves’ orbitopathy affecting their better seeing eye.

Unintended surgery

There are several circumstances in which surgery can inadvertently involve the inferior
oblique muscle.

With lateral rectus resection

Because of the close proximity of the inferior oblique insertion to the inferior border
of the lateral rectus muscle, the inferior oblique may be inadvertently dragged forward
and subsequently scarred into the lateral rectus muscle when the lateral rectus muscle
is being resected.9 This anteriorization and scarring can result in a restriction of
elevation of the affected eye (Fig. 4). At surgery, the surgeon will typically find the
inferior oblique muscle scarred into the inferior border of the resected lateral rectus.
This complication can be avoided by carefully separating the inferior oblique muscle
from the lateral rectus muscle at the time of lateral rectus resection, and being certain
that the inferior oblique is in its normal position at the end of the surgical procedure.
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After scleral buckle

On occasion, a patient may develop an unusual motility pattern after a scleral buckling
procedure that is characterized by a hypotropia and excyclotropia of the operated
eye. This can be caused by inadvertent tucking of the inferior oblique muscle by the
encircling band (Figs. 5 and 6). This hypotropia and excyclotropia can usually be treated
effectively by a myectomy of the tucked inferior oblique muscle.

Technical problems

When surgery is intended on the inferior oblique muscle, there are a number of steps
along the way in which technical problems can affect the outcome.

Fig. 4. Patient with a large hypotropia that
developed after lateral rectus resection. At
the time of reoperation, the inferior oblique
muscle was found to be scarred into the
resected lateral rectus.

Fig. 5. Patient with a large hypotropia after
scleral buckling procedure.
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Incomplete capture

Incomplete capture of the inferior oblique muscle will result in a residual overaction
of the muscle after surgery.

Bifid insertion
Although authorities disagree as to the frequency of the occurrence of a bifid insertion
of the inferior oblique muscle, there are studies that indicate that this anomaly definitely
does occur.10 This can result in fibers being missed at the time of capture of the muscle
during surgery, resulting in persistent inferior oblique overaction postoperatively.

Iatrogenic splitting
At the time of surgery, the surgeon must take deliberate care to determine (under
direct visualization) that the entire inferior oblique muscle has been captured. The
most effective way to accomplish this is by looking far posteriorly in the bare scleral
triangle that can be seen between the two sections of the inferior oblique muscle that
are on either side of the hook used to capture it. If any residual slip of the muscle had
been left behind, it should be visible with direct inspection (Fig. 7).

Missed muscle

There are several circumstances in which the inferior oblique muscle may be missed
entirely at the time of surgery.

Due to extorsion
In rare circumstances, the marked extorsion that may accompany a substantially
overacting inferior oblique muscle, may result in marked rotation of all the extraocular

Fig. 6. At surgery, the inferior oblique muscle of the patient in Figure 5 was found to be drawn
up and over the encircling band, resulting in an effective tuck of the muscle as depicted by this
schematic drawing.
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muscles, resulting in surgery on the wrong muscle. This was brought to my attention
while caring for a patient I treated years ago. This was a five-year old boy who had
previously undergone surgery for a 30 prism diopter esotropia with bilateral inferior
oblique overaction. The surgeon planned to recess both medial rectus muscles 5 mm
and to recess the inferior oblique muscles. After surgery, the patient’s motility was
entirely unchanged. He had a 30 prism diopter esotropia and residual inferior oblique
overaction. At the time of his reoperation, I found that the inferior oblique muscles
were intact; they had not been operated upon. The lateral rectus muscles had in fact
both been recessed 5 mm (thus negating the medial rectus recessions). Presumably
because of a marked excyclotorsion of the globe, the lateral rectus muscles were in the
inferior temporal quadrant and were inadvertently mistaken for the inferior oblique
muscles by the surgeon.

Anomalous muscles
Particularly in patients with craniofacial syndromes, many of the extraocular muscles
may be anomalous. Although in general, the inferior oblique muscle is rarely positioned
anomalously, this can occur in select circumstances such as in patients with cranio-
facial syndromes.

Adhesive adherance syndrome

If, at the time of the surgery on the inferior oblique muscle, the fat pad is violated
when the muscle is hooked, a severe inflammatory reaction can occur. This results in
a restriction inferiorly, which can be very hard to subsequently correct. The best
treatment is avoidance. The most important step for avoiding this problem during

Fig. 7. This is the surgeon’s view of the inferior oblique muscle after it has been hooked. Careful
inspection of the triangle of sclera (thick arrow) that is visible between the two halves of the
muscle (thin arrows) is necessary to ensure that the entire muscle has been captured on the
hook.
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surgery occurs just after the muscle is lifted into view on a muscle hook. The surgeon
should be certain that as the tip of the hook is laid bare, it is exactly at the interface
between the inferior oblique muscle and connective tissue (Fig. 8). If the fat pad is
violated, the fat can be reposited behind tenons and the tenons sutured closed to pre-
sent adherence.

Bleeding

The inferior oblique muscle lies very close to the vortex vein which is adjacent to the
temporal border of the inferior rectus muscle. Damage to the vortex vein can result in
severe bleeding, which can subsequently result in excessive scarring. Prior to hooking
the inferior oblique muscle, it is wise to look for this vortex vein and visualize it while
capturing the inferior oblique muscle. Direct visualization is the best way to ensure
that it is out of harms way.

Lateral rectus damage

As stated earlier, the inferior oblique muscle insertion lies very close to the inferior
border of the lateral rectus muscle. It is important for the assistant to keep the lateral
rectus out of the way when the inferior oblique muscle is being disinserted. Failure to
do this can result in damage to the lateral rectus muscle (Fig. 9).

Iridoplegia

Excessive traction on the inferior oblique muscle can cause damage to the ciliary
ganglion, resulting in an iridoplegia with anisocoria.

Fig. 8. Surgeon’s view of the inferior oblique muscle just after it has been brought out into the
surgical field on a small hook. The tip of the hook is directly at the interface between muscle and
connective tissue (arrow). It is at this point that the tip of the hook should perforate the tissue.
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Lid fissure changes

Anterior transposition of the inferior oblique muscle can affect the palpebral fissure
in several ways.

Palpebral fissure narrowing
It has been shown that anterior transposition of the inferior oblique muscle can result
in narrowing of the palpebral fissure by an amount that can exceed 3.0 mm.11 Narrow-
ing by elevating the lower eyelid is likely to occur to a greater degree if the inferior
oblique muscle is moved anterior to the inferior rectus insertion. Although when
performed symmetrically this may not pose a cosmetic problem, it can be quite
noticeable when the procedure is carried out unilaterally. In addition, this procedure
causes a characteristic bulging of the lower eyelid on attempted upgaze, as well as a
deformity of the normal curvature of the lower eyelid.

Upper eyelid retraction
If inferior oblique anterior transposition is combined with large superior rectus
recessions (either concurrently or sequentially), there can be a substantial limitation
of upgaze. Limited upgaze can cause a marked and noticeable retraction of the upper
eyelids due to fixation duress.

Overcorrections/undercorrections/uncorrections

Although surgery may be performed in a technically perfect manner and without
intra-operative complications, adverse outcomes are possible.

Overcorrections

An overcorrection of a bilateral procedure to weaken the inferior oblique muscle
to treat a V pattern might result in an A pattern with superior oblique overaction
postoperatively. An overcorrection of a unilateral inferior oblique weakening pro-
cedure, as is frequently performed to treat unilateral superior oblique palsy, will
be characterized by a hypotropia of the affected eye. This hypotropia may be the
result of ‘unmasking’ a bilateral masked superior oblique palsy.12 Also, it has

Fig. 9. This patient developed a large esotropia after a left inferior oblique recession. At the time
of reoperation, it was found that the left lateral rectus muscle had been severed.
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been shown that a simple overcorrection of a unilateral superior oblique palsy may
meet all the diagnostic criteria for a contralateral superior oblique palsy (including
the three-step test).13,14

Undercorrections

Even if the entire inferior oblique muscle was effectively weakened (e.g., not split
or missed), an undercorrection may occur. If so, a more powerful inferior oblique
weakening procedure can be carried out. Alternatively, depending on the motility
pattern, further surgery may be needed to address other muscles.

Uncorrections

An ‘uncorrection’ is a term I use to describe the development of a problem that
was not present previously. Because the inferior oblique muscle is an extorter,
weakening it will result in an intorsional rotation of the eye. If the patient has a
substantial astigmatic refractive error, this intorsional rotation may result in a shift
in the astigmatic axis after surgery. It has been shown that weakening the inferior
oblique muscle will predictably alter the astigmatic axis by approximately ten
degrees.15 This can be significant in a patient with a high astigmatic refractive
error. If the scenario occurs bilaterally, and if the patient is old enough to verbalize
subjective visual symptoms, he may call it to the surgeon’s attention (Fig. 10).
However, it is particularly important to be aware of this phenomenon when per-
forming inferior oblique surgery on young patients who had been treated for
amblyopia. Typically, if there had been amblyopia in an astigmatic patient, the
amblyopic eye would have had the larger refractive error. If inferior oblique sur-
gery is performed, and results in a substantial change in the astigmatic axis of the
previously amblyopic eye, the patient may not verbalize any complaint after sur-
gery. Nevertheless, the amblyopia may recur after surgery due to what is now an
improper correction of the astigmatic axis. For this reason, it is important for high
astigmats with amblyopia to undergo a repeat refraction approximately six weeks
after inferior oblique surgery.

Fig. 10. This patient had undergone bilateral inferior oblique recessions six weeks earlier. He
has approximately four diopters of astigmatism in each eye. At the time of his six-week postop-
erative examination, he indicated that he could only see clearly out of his right eye if he tilted
his glasses as shown in the left-hand photo; he could only see clearly out of his left eye if he
tilted his glasses as seen in the right-hand photo. He was found to have an eight-degree incyclo-
rotation of his astigmatic axis in each eye.
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Round Table

Surgery for accommodative and partially accommodative
esotropia

Moderator: Kenneth W. Wright, MD
Panel: Edward G. Buckley, MD

Forrest D. Ellis, MD
David L. Guyton, MD
Burton J. Kushner, MD

Dr Wright: I thought we would present some cases and ask the panel how they
might treat these patients (Case 1). I think they are pretty common (Fig. 1). This is
a two-year-old with a history of crossing for about two months and who presents
with this esotropia. Visual acuity is alternating fixation, central and steady fixation
each eye. Ductions are full. In the distance, esotropia 30, at near esotropia 40. It is
a variable angle. Darryl, what would you do with this patient. Cycloplegic refrac-
tion, right?

Dr Ellis: Of course, I would want to refract.

Dr Wright: Absolutely. And what would you use for your cycloplegic refaction?

Dr Ellis: The standard procedure in a relatively lightly pigmented patient would be
cyclogyl 1%, cyclopentolate.

Dr Wright: Cyclogyl 1% lightly pigmented patient. Does the panel agree? That’s
what I use. The cycloplegic refraction shows a +4.00. Would you give the full
amount?

Dr Kushner: I’d give her the full amount.

Dr Wright: So you have a +4.00 refraction, you give the full amount. Here you are
with a +4.00 refraction, and the patient is straight. Any other comments? This is a
three-year-old referred by a pediatrician (Case 2). Our pediatricians are using the
Sure Sight, an autorefractor. So they are picking up these kids really early. This is
a three-year-old (Fig. 2). Mom doesn’t notice any problem whatsoever, and the
pediatrician on the Sure Sight finds a problem. You don’t know what that problem
is, but you see the patient and visual acuity is 20/40 each eye. Eyes are straight.
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Fig. 1.

Fig. 2.

Stereoacuity two out of three animals, 200 seconds arc, and you do your cycloplegic
refraction as a routine. You always do a cycloplegic refraction. I don’t know about
you guys, but I do that on all my patients under the age of ten. You get a +4.50. An
asymptomatic child picked up on routine screening. Ed, what do you think? What
would you do?

Dr Buckley: This is a tough one, because +4.50 is a fair amount of hyperopia and
you are certainly a little concerned that this may become a problem down the road.
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I must confess I probably would not suggest glasses at this point in time. I would
probably watch the patient.

Dr Wright: David, what do you think about it? +4.50, asymptomatic ortho, two out
of three animals, not perfect. And vision is 20/40 by the way in a pretty cooperative
three-year-old.

Dr Guyton: The vision is a little lower than you would like it to be at that age. You
would like it to be a little bit better, like to have a little bit better stereoacuity, but
before putting cycloplegic drops in the eyes, I hope I would have done dynamic
retinoscopy to see if the child is focusing properly up close and overcoming that
4.50 diopters of hyperopia, because if not, I would give glasses right away.

Dr Wright: Okay, the resident saw the patient before you did and put drops in. This
is always what happens.

Dr Guyton: In that case, I would not give glasses, but I would see them back when
I could do dynamic retinoscopy because I think that that is a very important way
to pick up kids who are not accommodating fully and will not develop proper
vision. When they do start accommodating fully, they will develop esotropia later
on. We know that +4.50 hyperopic refractive error is a high risk factor for the
development of accommodative esotropia.

Dr Wright: Yes, I don’t know what to do with these kids. Especially if they are
+3.00. I gave this child glasses, I think basically because of the 20/40 vision. Believe
it or not, this child actually liked wearing the glasses, and I just saw her again this
week before I came to this meeting, and she still likes the glasses. I have done this
on other children, given them the glasses, and the parents say, “What’s wrong with
you? The kid just throws them off.” I think it is difficult, but it is a situation we are
seeing more of because of the Sure Sight.

Dr Kushner: I have two comments on this. Number one, I am very influenced by
whether there is a family history of strabismus. The other thing I like to do is to try
to see if there is a tendency for crossing in a patient like this. By the way, I agree
completely that dynamic retinoscopy is very useful in a patient like this. This is one
reason why I see each patient before I dilate them. Otherwise, I wouldn’t even trust
the orthophoria, the statement that the patient was orthophoric. The other thing that
is helpful is to take the optokinetic drum and rotate it so that you are inducing
vertical optokinetics and that will get them tracking. That may stimulate them better
than an accommodative target like a toy or something. In some of these patients,
you will see them just start going in as you rotate the drum. Then, of course, I give
them glasses. I was curious if you gave the full plus, though.

Dr Wright: I gave the full plus. I saw another patient just last week, a similar patient
that was about a +5.00; it was a six- or seven-year-old, and the vision wasn’t quite
great. I took one and a half diopters off. So I am not consistent. I am not sure how
to do these. By the way, I think dynamic retinoscopy is really a good idea, but the
truth is, if I see a three-year-old with 20/40 vision and they just look normal and
everything is fine, and they have pretty good stereopsis for their age, I’m not going
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to do dynamic retinoscopy in those kids. A three-year-old is hard anyway, but it’s
a good idea. Let’s go on.

A three-year-old with acquired ET wearing glasses well but crossing at near
(Case 3: Fig. 3). This child was given glasses by yourself or somebody else and they
are straight in the distance, ET of 4 in the distance, and probably fusing and
intermittent eso of 20 up close. Visual acuity is good. You repeat the cycloplegic
refraction and it is +4.00. So he is wearing the +4.00s, ortho in the distance, or ET
of 4 in the distance, with a big ET at near. Stereo at near is zilch and with the worth
4, you get variable readings: diplopia and suppression at near. Ed, what do you
want to do with this patient?

Dr Buckley: I’d like him to get a +3.00 measurement at rear if I could in the office
and see what that did to him.

Dr Wright: +3.00 straightens him out.

Dr Buckley: Yes, then I put him in bifocals.

Dr Wright: This is the perfect bifocal patient.

Dr Kushner: Would anybody not do it if just holding up +3.00 lenses didn’t
straighten him in the office? Would that influence you?

Dr Wright: David and Darryl, do you agree that this is the perfect bifocal patient?
(Fig. 4) They are straight in the distance, they are ET and intermittently fusing at
near, and you give them their bifocals and their stereoacuity improves and they
put their chin up. Do we really need bifocals? There are some people who don’t
like to give bifocals. They are straight in the distance, they are only intermittently
ET at near. Bifocals aren’t very handsome. John Pratt Johnson looked at a ten-year
follow-up on patients who were straight in the distance and ET at near, and guess
what he found? He had two groups. One group got bifocals, the other didn’t.
Guess what he found ten years later? The fusion, the stereoacuity in both groups
were identical. That bifocals did not preserve fusion any better than not wearing
them. And Marshall Parks at the Aspen meeting reviewed this paper. And I said,
what is Marshall going to say about this, because I know he likes bifocals. I was
just out of my fellowship. Dr Parks’ comment was interesting. “You missed the
point, John. The reason we give bifocals is not to preserve fusion for the future, but
to give them comfortable binocular vision now.” I thought that was brilliant,
Marshall. That is really true. You will see these kids come to your office and with
any near target, they put their chin up. They like binocular vision. So you are
giving it for their comfort, not to preserve fusion in the future. But why I think
John Pratt Johnson’s paper is so important is because, if you have a kid that is just
not going to wear the bifocals, or the parents just refuse the bifocals, you don’t
feel bad about it, because you know they are going to be okay as long as they are
fusing in the distance. So I think both comments are important for us to under-
stand about how we use bifocals. They have helped me at least.

Okay, a four-year-old with acquired esotropia, a little ET, and a +4.00 refractive
error (Case 4: Fig. 5). You do the cycloplegic refraction ten times; it’s +4.00. In the
distance, ET 18 with correction, at near ET 20, but with a +3.00 add for some
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Fig. 3.

Fig. 4.

reason, you put a +3.00 add up, the orthoptist did that, or whatever, and they
straighten out at near and they fuse. Would you give this patient bifocals? Anyone
on the panel? They are ET 18 at distance and tropic. With a bifocal at near they are
straight.

Dr Kushner: And you repeated the refraction, Ken?
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Dr Wright: Repeated the refraction 15,000 times with atropine and cyclogyl.

Dr Kushner: And we’re not dealing with an A or V, a pattern masking, anything
like that? I’d invite the patient to the operating room.

Dr Wright: You would take the patient to the operating room?

Dr Guyton: I probably would too, and yet back when we were doing the prism
adaptation study years ago, we were forced by the protocol to put these kids in
bifocals. Some of them in this situation who had a distant angle that you’d never
think would fuse, were fusing initially with the bifocals. Two months later (we had
to wait with the prism adaption study), some of them came back fusing in the
distance as well. That was a real surprise to me. I still would probably take him to
the operating room, but I have to remember that situation that happened before.

Dr Wright: Yes, that’s a very good comment. I think that this is the patient you
need to take to the operating room because as long as they are ET in the distance,
your bifocal is not going to help that. And this is a surgical patient, not a bifocal
patient.

Four-year-old with a +4.00 sphere OU (Fig. 6). Without correction, you can see
a big esotropia at distance and near. You give him the glasses (this is that same
patient that we just saw, 18 distance, 20 at near). What would you operate for?

Dr Kushner: I’d operate for near angle with correction, which is 20.

Dr Wright: So you would operate for the 20. Any other comments?

Dr Guyton: Use adjustable sutures. I would operate for 20, and use adjustable
sutures.

Dr Wright: David would use adjustable sutures. I would not use adjustable su-
tures because where that muscle ends up in a kid like this is hard to know. But
what I would do (I wrote a little paper about this) is to operate somewhere be-
tween the deviation without correction, the big deviation, and the smaller devia-
tion with correction. I sort of go in between. My thought was that historically I was
undercorrecting these kids. And I needed to do more surgery. But if I did too
much surgery, even without their glasses, they would go out. So, if I go halfway
between, I would be able to reduce their plus, if they were exo. I didn’t want to
reduce their plus, but it was a safety net. And guess what? I’ll tell you my results
in a nutshell — In 40 patients in whom I did augmented surgery, there were only
three in whom I had to reduce the plus. The bottom line was, I think in general we
tend to undercorrect partially accommodative esotropia. That is what the prism
adaptation study showed. There was almost a 25% undercorrection with standard
surgery operating on the distance deviation with correction.

Here is a patient who is two months old (Case 5: Fig. 7). The mother notes eyes
crossing intermittently. You don’t see any crossing at all and the refraction is
+5.50. Do you want to give him glasses? Mom sees some crossing. Maybe it is
pseudo-esotropia. In your office, you see no crossing, +5.50 in a two-month-old
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Fig. 5.

Fig. 6.

baby right there. This is a real case, by the way. What do you want to do? I cheated
a little, but it’s a real case.

Dr Ellis: I would probably see him more than once before I decided that, tell Mom
to keep watching. In general, I have learned to believe mothers, although I have
been misled a few times. I’d follow it carefully and be ready to give him glasses.
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Dr Guyton: This is where dynamic retinoscopy is really helpful. I don’t know if
people really understand what we mean when we say dynamic retinoscopy. With
a fixation target held right near the peephole of your retinoscope that will attract
a child’s attention, you get them to look at the fixation target to see if the reflex
neutralizes, because that means they focused at that distance. Kids aren’t sup-
posed to accommodate accurately at two months of age. That sort of comes in at
the age of three or four months. Maybe this kid is randomly accommodating, who
knows. I wouldn’t put glasses on him right away. But I would certainly see him
back within a couple of months to see if he was accommodating. Then, if he
wasn’t accommodating at near and overcoming that hyperopia, I would give him
glasses.

Dr Wright: I would say doing dynamic retinoscopy on a two-month-old is stretch-
ing it.

Dr Guyton: I didn’t say that. I said wait two, maybe four months. That is what
I use for screening kids, dynamic retinoscopy and stereovision is my best screen
for the siblings of my patients that come in, because I don’t have to use cyclople-
gia and I can make sure they are focusing properly at near, no astigmatism, no
anisometropia. It all shows up on dynamic retinoscopy done by binocularly.

Dr Wright: I love dynamic retinoscopy.

Dr Ellis: Ken, how early did you say your patient fused this morning, at what age?

Dr Wright: Three weeks old, not a face turn, couldn’t hold the head up, but with
a gaze preference to gain binocular vision.

Fig. 7.
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Dr Ellis: If they have a gaze preference, David, but no accommodation, how do
you equate those two, or no fusion response at that age?

Dr Wright: No, he didn’t say fusion, he said accommodation.

Dr Guyton: Accommodation doesn’t start until four months of age.

Dr Ellis: I understand that, but your exam of that child had to be at near.

Dr Wright: So the baby comes back, now with a true esotropia (Fig. 8). Do you all
agree? Big angle ET, in fact has a fixation preference for the right eye, variable
angle, 30 to 40, you’re going to give the glasses now. We are going to patch the
dominant eye a little bit and we are going to see them back with their glasses. With
the glasses on, they look pretty straight (Fig. 9), but if you look really closely, there
is an ET here and a bright reflex. What is that called? When you have a bright
reflex on one side, the deviated eye, of the red reflex test. That’s a Bruchner test.
It’s a positive Bruchner test. And why do you see a brighter reflex from the
deviated eye? Because the light is bouncing off peripheral retina. The macula has
more pigment. So it’s a sign of strabismus. So, even with the glasses, and you re-
refract them and you give them the full plus, and you give them a little half
diopter more, and they are still ET, and the child is four months old. This was my
son Andrew. In fact, Marshall Parks saw Andrew as well as Gunter von Noorden
and Dave Guyton on the cruise, if you remember. Anyway, we operated on him
and he did fine. The point is, you can have, and Marshall Parks has written about
this… there he is, he’s straight (Fig. 10). And he grew out of his glasses over ten
years, which is amazing to me. His refraction was absolutely identical until he was

Fig. 8.
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Fig. 9.

Fig. 10.

ten years old, and then over about a year to a year and a half, he went through a
growth spurt and he just grew out of his glasses. He is about a +1.00 now (Fig. 11).
But I did not put him on early surgery because I feel he is an acquired ET. He is
a great example of an acquired esotropia. He was straight at two months. My wife
swears that he was ET at birth, but he was not. He was straight and then… I have
one minute left. Any other comments on accommodative esotropia? (Fig. 12)
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Fig. 11.

Fig. 12.

Dr Kushner: I would just like to throw out to the audience that not everyone, at
least myself, are in agreement with the concept of operating for the accommoda-
tive component. I don’t think that is standard practice. I understand that Ken has
advocated that. I have put some of my thoughts in public in a letter to the editor,
but I personally think it is a bad idea.
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Round Table

Pearls in the management of exotropia

Moderator: Burton J. Kushner, MD

Panel: Edward G. Buckley, MD
Forrest D. Ellis, MD
David L. Guyton, MD
Arthur Jampolsky, MD
Marshall M. Parks, MD
Gunter K. von Noorden, MD
Kenneth W. Wright, MD

Dr Kushner: A lot of you will recognize this Figure. This is not the way Gunter von
Noorden treated intermittent exotropia, I trust, but it is from his new book. We are
going to have a panel on decision-making in exotropia. I realized that when I saw who
was going to be on this panel, and I should quote one of the sages of our times, Woody
Allen, who once said that “dissent plus commentary equals dysentery”. Hopefully we
won’t go down that road. We are going to present, as Ken did, some common, basic
problems that we face, nothing terribly tricky here, with respect to the issues of
intermittent exotropia. The first one I want to talk about is timing. Let’s say you have
a very young child, and in this case I am talking about a one-year-old, and they have a
poorly controlled intermittent exotropia. Presume their refractive error is not at issue,
there is no amblyopia, there is no pattern, what I really want to focus on is, all else
being equal, what do you do with a very young child with intermittent exotropia whose
control is very poor? When do you operate, and do you operate?

Decision Making In XT
or

dissent plus commentary
equals

dysentery
Woody Allen

Dr Jampolsky: Intermittent exotropia in small infants may get better, and I would
certainly take that path if it were my kid, probably now my grand kid. Minus lenses
are great. Some one-year-olds will wear glasses. And I am for minus lenses, -3.00, and
you would be surprised over time, some of these people are ortho without the glasses
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after a long time of wearing such glasses. Certainly, if this child were older and could
wear glasses more, I would really push that one. But the main thing is that I would not
operate at this age. I would observe.

Dr von Noorden: I think very similarly about this. I would also plead for watchful
waiting here. Not because I dPon’t think you could cure such a child surgically. I am
quite sure this is possible. But I am mortally afraid of converting such a person who
may eventually have a very good potential for recovery of good binocular vision into a
small angle esotropia with amblyopia, anomalous correspondence, suppression, and
all the other sensory sequelae that are so very difficult to diagnose in a one-year-old. I
know it is easily treated in an older child. I have produced such cases and they haunt
me. This is the reason why I would take a conservative route here for the time being.

Dr Buckley: I certainly agree with that. This is an unusual situation for a one-year-old.
I worry about the fact that we are already out of control at this age, but you are still
better off being slightly exotropic than esotropic in this situation, though I probably
would be a little bit more aggressive and consider surgical intervention here sooner
rather than later because of the poor control at such a young age.

Dr von Noorden: Very little distance visual activity takes place in a child of that age.
The world is at their arm’s length at that age, at a distance where the control is not bad.
We are not informed here that the fusional control is bad at near, is bad at distance, so
this child will constantly reinforce himself or herself and give us more time to observe
the patient.

Dr Wright: I would probably be conservative, but I would be like Ed. I would watch
very carefully. If the deviation was increasing in the tropia phase, I would operate
early. In the meantime, I would do alternate patching. I have not had success with
myopic spectacles, but alternate patching, maybe four hours a day, patch one eye,
patch the other eye, tends to act as antisuppression and may help control it, but if it
was breaking down, I would operate. We did a study and found that children under
four years of age had a higher incidence of amblyopia and loss of fusion if you operated
on intermittent exotropia really early. So, if I did operate, we would be very careful not
to overcorrect, and if we had an overcorrection that prism glasses would have to be
given right away. This is not an easy case.

Dr Guyton: I’d watch the child and if deterioration occurred from one visit to the
next, I wouldn’t hesitate to go ahead and do surgery. I use adjustable sutures on these
kids and that gives me a little safety factor. I am more prone to go on to surgery, because
I can do that. I don’t like minus lenses, Art. Years ago I looked at a paper that you had
written on that subject. I calculated the amount of drift of change in the minus direction
in those children. I know Burt Kushner has recently written that you don’t get minus
change. But I have certainly seen an addition of two diopters of myopia in some of
these kids. Maybe across the board you don’t see that. But I have seen it occasionally.
I am concerned that by giving minus you are actually promoting the development of
myopia. So I don’t intend to use that particular therapy.

Dr Ellis: Despite the observations that have been made regarding loss of stereopsis at
distance and poor control at distance, my experience with kids with intermittent
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exotropia is that, if they are straight somewhere, usually at near, most of the time they
are ultimately going to end up with good fusion, as long as they continue to be followed
and intervention can be undertaken if things look worse. I am not too worried about
this child, but I would certainly watch him carefully and if I saw that he was not straight
anywhere most of the time, I would certainly be interested in doing early surgery on
him.

Dr Parks: Intermittent exotropia is a surgical disease. It is not really an orthoptic disease.
It is not going to be cured by minus lenses or by intermittent occlusion. These children
have problems. Imagine living with a 30 prism diopter deviation at your age. A child
has that same problem. I think early surgery is the thing to do for strabismus, regardless
of whether it is esotropia or exotropia. I would not operate at the first visit. I would see
this child and make sure of the deviation, and if the child is one year of age and having
as many problems as you have outlined in this case, I wouldn’t hesitate to take this
child to surgery. The big objection is that you may have an overcorrection, have an
esotropia. Hence, that would be constant. Now, it is an intermittent problem and most
of these children are bifixaters. They have excellent stereoacuity. They have both macular
and extramacular fusion. And you don’t want to create a problem where you have
eliminated this patient’s macular binocular vision. One of the things that is under-
appreciated in this loss of macular binocular vision, is that if the patient is unable to
align the eyes and obtain macular binocular vision (and hence avoid that scotoma that
is always in the non-fixating eye) for three months, they will forever lose their capability
of having macular binocular vision. They can have extramacular binocular vision.
Hence, all reports on the outcomes of exotropia surgery should then have what the
final state is in the stereoacuity, which measures your presence or absence of macular
binocular vision. If you do then have an overcorrection, hence a constant esotropia,
after eliminating the intermittent exotropia, you have done the wrong thing if you
haven’t followed this patient carefully, and resolved the overcorrection within that
three-month period after which they can convert from having capability for macular
binocular vision to having no capability in the future for macular binocular vision. You
have done them a disservice. Surgery then includes, for my part, that we have a very
fine education program with the parent. And if the parent isn’t brought into this
immediate postoperative period, to make sure that the patient is observed keenly and
hence see convincingly that the patient has not got constant strabismus resulting from
your early surgery, then we shouldn’t do the surgery. If the parent is understanding
of the problem, then I think it is wrong just to let this child suffer with his deviation
and then, within the first six weeks, you can usually make a determination that the
patient has constant strabismus from your surgery, then it’s prisms and whatever is
necessary, even surgery, to undo the deviation. And hence, you don’t have a result
that is undesirable. Consequently, that is the way I manage intermittent exotropia,
thinking that the child needs help and it’s not up to me to defer giving this child help,
even at one year of age.

Dr Kushner: Almost consensus. I was just going to talk about the whole issue of
conservative management in an older patient, and a lot of the comments we just heard
I think would relate to that. I want to touch briefly on the issue of how you assess
control. We see a patient. We can measure them, they’re 30, 40, whatever, but then
you want to make a judgment on whether they need surgery, not how much to do, but
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whether, based on whether their control is good or bad. Is this just objective or subjective?
Do people use criteria like control through a blink? What are your criteria?

Dr Guyton: In my experience, the first binocular function to disappear or be altered is
the alternate letter vectographic test for suppression in distance. I love that test. It is an
old American Optical test. Reichert still sells the slides. Stereo-Optical has the slides.
You project them. The alternate letters are seen with the vectographic Polaroid glasses
in the distance. And that’s the first thing that drops out, in my experience. Later, the
distance stereoacuity drops out. And I have found that if I wait for the distance
stereoacuity to drop out, I don’t always recover it. But I always have been able to
recover good binocular fusion, if they still have good stereo, but are starting to lose
suppression. Then I can often regain that suppression with timely surgery. But once
they lose the distance stereo, they don’t always regain it. So I use that as my objective
measure of when to operate, and my subjective measure is, of course, how frequent is
the deviation, how constant is it, and does it become worse when they get tired, and so
forth.

Dr Kushner: Darryl, do you use objective? Subjective? What do you do?

Dr Ellis: I usually rely on near stereo tests for my confidence in conservative treatment.
I think the distance stereo tests are an objective way of measuring no control at distance,
but I have yet to see a single patient who had good stereopsis at near, poor control, or
poor stereopsis at distance, who didn’t recover stereopsis, if he was properly aligned.
So I am reassured. At 20 feet, I’m not sure how important the stereopsis is that we
measure. I have yet to see anyone lose that ability if they never lost it all, or if they
never lost it at near. You do have to make a decision on somewhat subjective grounds,
I think, in all these patients. That is an objective measurement, but I do have parents
keep a sort of mental diary as to how much of the time this patient has deviated, and I
try to keep my own assessment of that and use my best judgment. I think there is
evidence, as Marshall referred to, that early surgery and early alignment is better for
everyone. I am totally in favor of that, but when to pull the trigger or not pull the
trigger is not crystal clear in many of these cases.

Dr Kushner: Marshall, is there anything that you would care to add to what you said
earlier?

Dr Parks: I think everything has been said.

Dr Wright: I am an advocate of early surgery as long as there is a constant tropia.
However, if the patient is fusing consistently at near and has excellent stereo at near,
what Darryl said, that’s recoverable, and that will be maintained because they do
have excellent stereo at near. My biggest indication for older children with intermittent
exotropia is, number one, progression. If it is breaking down and getting worse. I think
that is very important. In the lane is not so important to me. The most important factor
to me is the history. Is it getting worse and is it breaking down. The other thing is, what
do the parents think. If the parents think everything is great, I am going to be hard-
pressed to operate. God forbid you make them ET and you have to go again. And they
say, “Why did we get into this?” So, if the parents think everything is great and they
have good near stereo and they are straight most of the time, I’m not going to operate.
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Dr Buckley: There are a lot of things you can follow. I follow the vision in a deviating
eye, especially in young kids. If it starts to drop a little, I become concerned. Certainly,
the sensory status. I go, in the clinic, with how easy it is to break the child. They are
usually in your office because the parents have noticed a problem. If I can just sort of
hold my hand two to three feet away from that eye and the eye goes zipping out, I am
much more concerned about it than if I have to completely occlude the eye to get it to
go out. I also look at how easily they bring the eye back in after I break it out. So, if I
send the eye out and the kid just sits there with the eye out for the next ten minutes, I
am much more concerned than if he makes a quick re-fusion effort right away. And, of
course, the last thing, as has been mentioned before, is the amount of time that everyone
sees the eye out. The kid is out constantly in your clinic and the parents are complaining
at home.

Dr Kushner: Those are subjective criteria really.

Dr Buckley: The subjective criteria is the sensory status and how easily I can break the
child and how quickly the child re-fuses.

Dr von Noorden: Two things may be mentioned here. One is that not all children with
intermittent exotropia progress. We followed a group of them for several years, when
I was still at the Wilmer Institute many years ago, and we found to our great surprise
that one-third spontaneously improved without any treatment. Frank Costenbader
made the same observation quite independently and we came together at a congress
where we both reported this. The second thing is a criterion that, for me, has become of
increasing importance as I became more mature and approached retirement, one to
which I felt we had not paid enough attention during the past, and that is the motor
behavior of the eye and stability of the alignment at far distance fixation. In many
patients we see in the office who we think are controlled, when they step out of the
building and into the street, more often than not we see a constant exotropia in someone
we think has perfectly aligned eyes at distance and near measurements in the office. So
we pay attention to this and we have certain mechanisms in the office to check the
deviation at large distances and make these observations.

Dr Kushner: It is not by design that Dr Jampolsky is going to have the last word.

Dr Jampolsky: I follow mainly what Buckley has said. I use objective tests almost always
in young people and couldn’t care less about some of the subjective tests, because
they can be inferred. I am not inferring that the sensory apparatus is unimportant. It is
terribly important. But you can find it out by different ways. So there are three things
— number one is the degree of deviation increasing; number two is are there oblique
muscles that are now becoming overactive, as they do in exotropia, if it’s a unilateral
intermittent exo; but most importantly is how well the patient re-fused. You can cover
the eye, as Ed mentioned, and it stays out and you have them blink and it still stays out,
that’s not good. If a blink brings it right back, fine. If you make them fix with the
usually deviating eye and then uncover it and they go back and fix with the good eye,
and re-fuse immediately, that’s good. So it’s the degree of recovery of re-fusion, oblique
overactions and the degree of exotropia.
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Questions and Answers

Strabismus update I

Presiding Physician:  George S. Ellis, Jr, MD

Dr G.S. Ellis Jr: Burt, just as a follow-up to the exotropia, do you use frequency and
duration observation by parents in your surgical decision-making?

Dr Kushner: I both use it and realize that, to a certain degree, we are kidding ourselves
when we say things like, “Is the eye out 50% of the time?” That is commonly kicked
around, and no-one has any way of noticing it. Parents may see an eye that goes out
and recovers, but does it frequently, and this may be more noticeable to a parent than
an eye that goes out 20 PO and sits there half the day. So I ask about it. It influences me
somewhat. But I sort of put that in the whole picture.

Dr G.S. Ellis Jr: Ken, regarding intermittent exotropia that is poorly controlled, what
is the earliest age at which you would consider doing surgery?

Dr Wright: If they are tropic for distance and near and they are not fusing, I would
operate if they were one year of age.

Dr G.S. Ellis Jr: A question for both Ed and Gunter. How much do you use orthoptic
exercises and how effective in your experience are these?

Dr von Noorden: In what condition?

Dr G.S. Ellis Jr: For exotropia.

Dr von Noorden: We don’t use any orthoptic exercises in exotropia.

Dr Buckley: We don’t use it much. Sometimes what Ken alluded to earlier about anti-
suppression sometimes will help and we will try that, but most of the time we don’t
use it.

Dr G.S. Ellis Jr: Can I see a show of hands from the panel. How many people use
alternate patching, either part time or full time, to try to temporize for intermittent
exotropia? I see, Ellis, Guyton, Kushner, Buckley, Jampolsky, and half of Wright.
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Dr von Noorden: There is a reason why I don’t use it in patients who at least presumably
fuse and have a certain amount of stereoacuity. It is because we found out in animal
experiments that alternate patching can destroy stereopsis. And that is something that
would bother me, this knowledge. I would not alternate patch a visually immature
person, unless I would at least leave long periods in between where both eyes can be
used together again to reinforce it. I would be afraid to really destroy permanent
connections with alternating patching.

Dr G.S. Ellis Jr: I know that Ken is reaching for the mike, but Dr Jampolsky first.

Dr Jampolsky: I think Gunter is absolutely right in that admonishment. When we said
alternate patching, I did not mean constant alternating patching. You patch one eye
and the next day let them fuse, patch the other eye and let them fuse, so you make sure
they are fusing. But you are absolutely right for that admonishment, Gunter.

Dr Wright: I don’t think anyone is saying full-time occlusion. I am saying three to four
hours a day, maybe even less, two hours a day, so they are fusing most of the time.

Dr Guyton: I use atropine penalization. It works as well as alternate patching, one
drop to one eye once a week and alternate weeks. It works about as well as alternate
patching, and avoids some of the objections to alternate patching.

Dr G.S. Ellis Jr: And you use that to temporize the exotropia surgery?

Dr Guyton: It sometimes improves it. And occasionally it improves it to the point of
not needing surgery, but usually it really is temporizing.

Dr G.S. Ellis Jr: So it is occasionally curative.

Dr Kushner: I understand how atropine can work for amblyopia, but my concept of
anti-suppression, if that is what alternate patching does, really involves not having
binocular input for part of the day, and if it works, it works. I am very surprised—
atropine alternating eyes weekly can work.

Dr G.S. Ellis Jr: This is a little difficult for me to read, but it says, in infants, do you try
prism tests to check for fusion to help determine the need for surgery, and also in an
intermittent exotrope at one year, if a child is hyperopic, a +3.50, do you do XT surgery
and then glasses if they are consecutive esotropia? Darryl, can you help us with that
one? Do you try prism tests to check for fusion to help determine the need for surgery
in an intermittent XT less than one? And then the second part is, what if there is a +3.50
refractive error?

Dr F.D. Ellis: Usually I don’t try any prism tests for fusion. I base that almost entirely
on alignment at that age if I can’t get any sensory tests. Would I try +3.50s in an
intermittent exotrope? I might. I would have to have a good reason, I think, to do that.
It is possible it could help mostly on a theoretical basis. Scraping my brain here, I can’t
think of any cases that I really found that to be helpful.
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Dr G.S. Ellis Jr: Burt wants to jump in on that one.

Dr Kushner: Had we had less commentary and dysentery on the panel, I would have
had a subsequent question similar to this. The issue of giving plus to an intermittent
extotrope is a very complicated one and I don’t think I have all the right answers.
There is no question that some high hyperopes, 7s and 8s, may straighten intermittent
exotropia if you give them the glasses. The issue with the +3.50. What I do, and I don’t
know if it’s right, is first make a decision, am I temporizing or am I going to operate?
If I am going to temporize, alternate patching, minus lenses, whatever, I am not going
to give them the glasses. But once I have made the decision to operate, I think it is an
unstable situation to have a patient with more than about two or 2.5 diopters of
accommodation that can be in flux. So what I do in that patient is, once I have made the
decision to operate, I give them not their full plus, I cut it about a diopter, my thought
being that this makes them accommodate an amount approximately equal to what a
child of their age should be accommodating. That increases the deviation and that is
what I operate for. I would be curious if others do things very differently, unless you
want to move on.

Dr G.S. Ellis Jr: I am going to move on, if that’s okay with you. This question for
Marshall. Dr Parks, do you decrease your surgical numbers for exotropia in young
children, say less than five years old?

Dr Parks: No, in my experience you get the same correction in a one-year-old with the
surgical table that I have used for some 50 years, regardless of the patient’s age.

Dr G.S. Ellis Jr: Does anybody on the panel adjust their numbers if the child is younger
rather than older on exotropia surgery? Don’t operate when they are young, okay?

Dr Guyton: I certainly adjust the numbers, but then I use adjustable sutures, so it is
moot.

Dr G.S. Ellis Jr: That brings up the second question. Maybe you could tell us how you
are able to adjust kids that are that young.

Dr Guyton: We use propofol IV anesthesia to put them back to sleep in the recovery
room. Anesthesiologists originally abhorred the idea, but they finally got used to it
and now they are proud of it. They tell other people how they do it. And it works very
well, except that you have to be able to see the child. The child has to open his eyes. The
trick I have found with these little recalcitrant children (and it has worked in all but
one case), is that you put anesthetic drops in the eyes first, you take the child with all
those wires and tubes hanging from him, and you hold him up like this and you look at
him and you sort of drop him like that, and any living being dropped on his face is
going to open his eyes, and you get a quick look. It really does work quite well. The
parents are horrified, but it works well.

Dr Kushner: Then you get a cover on an accommodative target?

Dr Guyton: If the child is old enough, say three years or older, yes, you do a cover test
on an accommodative target, sure.
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Dr Buckley: David, what angle do you aim for in the very immediate postoperative
period, right there in the recovery room?

Dr Guyton: That depends on exactly what type of procedure you have. If you offer
them XT surgery, you want a little bit of overcorrection, in the distance, straight at
near, with diplopia beyond about three or four feet is what I aim for. Many of these
kids will tell you that. Straight at near with a little ET in the distance. For ET surgery, I
usually want them just about exactly straight.

Dr F.D. Ellis: David, after you look at him and decide you need to adjust it, give him
more propofol and you adjust it, do you drop him again?

Dr Guyton: I think that four times in my career I have had to put a child back to sleep
a second time in the recovery room for a complicated vertical problem. I don’t usually
do that.

Dr G.S. Ellis Jr: Dr Parks, a question for you. Would you consider using less than +3.00
bifocal initially, and how do you decide what bifocal power to use?

Dr Parks: We’re speaking about esotropia?

Dr G.S. Ellis Jr: Accommodative esotropia with a high ACA.

Dr Parks: I have never used +3.00. I think you are over-doing it with +3.00; +2.50 is
really adequate to get the job done just as well as a +3.00. What was the rest of your
question?

Dr G.S. Ellis Jr: How do you decide which power to start with?

Dr Parks: I always assume that this is the worst scenario case in a child that doesn’t
know his alphabet or doesn’t subjectively respond in the examination. So, therefore, I
always then just assume it is +2.50. As soon as a child can respond subjectively and
accurately to your cover testing with prisms and with various power lenses, then we
adjust the bifocal level to what is obviously necessary to be the minimum plus power
that is required at one-third of a meter using an accommodative target, of course, to
keep the eye straight, and make that the power that was prescribed.

Dr G.S. Ellis Jr: And Art, how often do you try to reduce the power of the bifocal in
accommodative ET with a high ACA, and how long do you use the bifocals and how
do you decide when to stop?

Dr Jampolsky: No, no, no, and no. I think there is a disease called bifocalitis. Being an
old optometrist before I went into medicine, I understand the literature in that degree
quite well. Papa sitting across the dinner table doesn’t give a darn about the bifocals,
and a kid looks over the bifocals and his eyes cross. Unless they read at a very young
age, the Bible or the newspaper, the bifocal is really quite useless. One of our fellows, I
think it was Bob Lester, come one, come all, anyone who walked into the office with a
bifocal from elsewhere, 82 or 83% eventually did not wear bifocals by simply increasing
the distance deviation with a decent cycloplegia and then adding plus a half diopter
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binocularly, which you can do without blurring. 80% took off their bifocals. Enough
said?

Dr G.S. Ellis Jr: Anyone else want to jump in on that question? Ken, I have a question
for you. You have an accommodative eso, high ACA ratio patient. You tell the parents
that the kid needs to go into bifocals. What style bifocal are you going to give them?
These are parents that are concerned about the cosmesis.

Dr Wright: I give them the option for progressive in children over six or seven years of
age, and they do well. When you give a progressive, I draw a picture on the prescription
showing it is a very high progressive, and I increase it by about a half diopter, so if I
were going to give a 2.50, I’d give a 3.00, but it doesn’t kick in until they look way
down. What’s the big harm in that? Well, even if they cross a little bit more with the
progressive, it’s no big deal. John Pratt Johnson told us that, as long as they are fusing
in the distance, they are not going to lose fusion over time. The progressive looks a
heck of a lot better when they are eight or nine years old, compared to the flat top. I go
progressive in older children.

Dr G.S. Ellis Jr: Does anybody else on the panel use progressive bifocals? You do Ed?
Have you had experience; do you find that they have trouble finding the channel?

Dr Buckley: I find that they work very well. I don’t necessarily use them in really
young kids as the first way to go. If I have a two-and-a-half-year-old, I will probably go
with a flat top segment first. If they are using that, then I go to a progressive, because
they know what to do and then they’ll find it, and it works very well.

Dr G.S. Ellis Jr: I saw Gunter saying that he does not use progressive bifocals. I know
that when we started, we started using executive style, but the flat top D35 mm or 45
mm is cheaper and easier to get, and I think I am using that almost exclusively now.

Dr Kushner: I am going to be touching a little bit on this during my optical talk, but
regarding the progressive, I would never start off a young child with a progressive,
because they wouldn’t use it, I think they don’t use it well, but the older child, as Ken
said, who wants a no-line bifocal, there is a type of bifocal called a blended rather than
progressive which has a much smaller transition zone between the distance and the
near. The only disadvantage is that it comes with a round top, and I think that makes it
harder for the optician to know where to center it, but it avoids the problem of them
having to get so far down, as with your typical Varilux or whatever the common brands
are now.

Dr von Noorden: May I respond to this, because I am opposed to the use of progressive
bifocals for this particular condition? The reason is as follows – We follow very strict
criteria in prescribing bifocals, and these criteria were set out by Herman Burian, who
played a dominant role here over the years at the New Orleans Academy of
Ophthalmology with his numerous contributions. And Herman Burian taught us that
you give bifocals to the patient who is also phoric at distance or has a small heterophoria
and who can be made to fuse by a minimal amount of plus lenses at near. And anything
else, anyone who couldn’t fit this was not considered for bifocals. The way these things
work is when the patient looks into the reading position, the moment he looks below
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the midline, he is already getting the benefit of bifocals at near. With the progressive
lenses, he has to look all the way down to the extreme of the lower end of the glasses to
get the maximum power necessary to give him this benefit. That’s why I feel you have
absolutely no control, because you cannot control through which part of the progressive
lens the patient looks, and where he gets this benefit. That is why I have always been
opposed to it, and no-one has convinced me that I am wrong.

Dr G.S. Ellis Jr: I have a whole fist full of questions that we will have to save for
another question and answer period. There are some outstanding questions about DVD
and a bunch of other complicated situations that we just don’t have time to get to. In
closing, I’d like to say that I’ve had many, many people from the audience ask me,
how in the world did you get this unbelievable group of speakers up here. It’s fantas-
tic. It’s like having a library right up here on the stage, on the podium, and I’ve been
telling people it’s because I’m about to be the president of AAPOS and they couldn’t
turn me down. Of course, that’s not true. It’s really the New Orleans Academy. It’s
the influence and the excellence of the New Orleans Academy and the historical
perspective of this being 52 years, and the kind of information that has been presented,
and the textbooks that are out there. All these guys have contributed chapters for the
Transactions at one time or another. It’s a lot of work for them to be here. They never
turn us down, they always come, and I really want to thank these speakers for being
here. So thank you very much.

noao2003-19.pmd 12/15/2003, 12:05 PM156



Evaluation of the adult with diplopia 157

At the Crossings: Pediatric Ophthalmology and Strabismus, pp. 157–168
Proceedings of the 52nd Annual Symposium of the New Orleans Academy of Ophthalmology,
New Orleans, LA, USA, February 14-16, 2003
edited by Robert J. Balkan, George S. Ellis Jr. and H. Sprague Eustis
©  2004 Kugler Publications, The Hague, The Netherlands

Evaluation of the adult with diplopia

Forrest D. Ellis

Zionsville, IN, USA

Introduction

An adult patient with new complaints of diplopia presents a diagnostic and thera-
peutic challenge to the treating physician. Virtually any condition known to pro-
duce diplopia can be responsible for the patient’s complaints, including long-
standing but previously asymptomatic childhood disorders of ocular motility.
Certain conditions such as multiple sclerosis, myasthenia gravis, myositis, and
endocrine dysfunction are more common in adults than in children. An adult may
acquire paresis or paralysis of one or more of the extraocular muscles through
many mechanisms, including closed head trauma. Adults may acquire restrictions
to movement of the extraocular muscles through direct muscle trauma, immune/
inflammatory disease, or endocrine disorders. A foundation for a patient’s recent
acquisition of diplopia might have been laid by a pre-existing or congenital ocular
motility problem. Separating these entities appropriately can be difficult.

As an example, an adult patient complaining of diplopia may have a complex history
and physical examination. That patient may have a history of childhood strabismus
and monocular occlusion, but no diplopia complaints until after a recent automobile
accident during which closed head injury with brief unconsciousness occurred. Physical
examination might reveal a minor decrease in visual acuity in one eye and small angles
of horizontal and vertical strabismus with torsion. Prior records from earlier ocular
examinations might not be available. Litigation regarding the automobile accident might
be pending. The patient may not be working and may request relief from his diplopia
via surgery so that he can settle the lawsuit and return to his work as a bookkeeper.

History

While a physician must be his patient’s advocate, he should not forget that he could
inadvertently enter into a relationship with that patient which is based on assumptions
rather than facts. The unwary physician can become the next person to be held
responsible for a patient’s continued complaints, especially if he has performed one
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or more surgical procedures that have failed to relieve that patient’s diplopia, or have
produced diplopia.

The history form, filled out by the patient in his handwriting, always is important.
The patient should be queried directly by this form as to the nature of his complaints,
the duration of those complaints, and the patient’s impression of the cause of those
complaints. The physician should review this form, ask for details when necessary,
and amplify the patient’s remarks via physician’s notes in the margins of the form.
Any history of glasses wear in childhood may be important and should be noted.
Monocular occlusion or the monocular application of eye drops as a child, any history
of prior diplopia, or of strabismus surgery is notable. Any history of any other type of
ocular or orbital surgery should be recorded including cataract, laser-assisted in-situ
keratomileusis (LASIK), blepharoplasty, orbital decompression, and conjunctival
surgery. Any history of surgery about the head and neck is important. Sinus surgery,
especially endoscopic sinus surgery occasionally causes damage to extraocular muscles
or to their innervation. Significant head trauma as a child should be noted. The patient
should be queried specifically about prior treatment for hyper- or hypothyroidism.
Neurological history should be investigated in detail. Medications should be noted.

Family history

Strabismus in any family member can be relevant. Family photographs can be reviewed
for glasses wear and head tilt. A driver’s license is almost always available for
immediate review. Any family history of retinal degeneration or of mitochondrial
disease is important.

Clinical examination

A thorough and appropriate ophthalmological examination should be carried out in
all cases. Monocular diplopia must be excluded. The patient is asked to fixate a distance
target and is then queried as to the presence or absence of diplopia. If diplopia exists,
each eye is covered in turn and the question repeated. A patient with monocular diplopia
will note that diplopia persists when one eye is covered, whereas a patient with binocular
diplopia will note that diplopia disappears when either eye is covered.

A patient with monocular diplopia can then be tested with a pinhole. If monocular
diplopia disappears when the patient views a distance target through a pinhole with
that eye, it is presumed that optical aberrations or retinal receptor disturbance is
responsible for the patient’s symptoms and the remainder of the examination is directed
toward those areas. Special attention should be given to the cornea, lens, and foveal
areas for clues to the explanation for monocular diplopia.

If the patient also has strabismus, prisms must be used to neutralize the angle(s) of
the ocular deviations, and a judgment made as to the relative importance of monocular
complaints versus binocular complaints.

When the patient’s diplopia is binocular, a thorough ocular examination is carried
out. Often the usual ophthalmological examination must be extended to include gaze
position measurements, assessment of ductions and versions, near point of
accommodation in each eye, convergence amplitudes, stereoscopic testing, fusional
amplitudes, visual fields, red lens, Maddox rod, Hess or Lee’s screen, Lancaster red-
green testing, color vision, exophthalmometer, and testing for aniseikonia.
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Neurological dysfunction should be considered carefully. Often subtle neurological
signs will accompany cranial nerve dysfunction and should be diligently sought in
any case. If paresis or paralysis of one or more extraocular muscles is present, standard
office techniques can elucidate the nature of the problem in most cases and further
investigation can be specifically directed.

Specific disorders

Acquired paresis or paralysis of an extraocular muscle

An adult patient will complain of diplopia with maximum separation of images in the
field of action of the paretic muscle. Red lens, Maddox rod, or Lancaster red-green
testing will demonstrate this separation. Ductions will demonstrate underaction of the
paretic muscle. Deviation of the visual axes will be greater when the patient fixates
with the paretic eye (secondary deviation) than when he fixates with the normal eye
(primary deviation.) Forced ductions will demonstrate no restrictions to passive
movement of the globe and force generation tests will demonstrate reduced capacity
of the muscle to generate the normal forces expected for eye movements. Saccadic
velocities of the paretic muscle will be slowed. The patient may exhibit past pointing
when fixating with the paretic eye if the paresis is of recent onset. An abnormal head
position may be adopted. Associated neurological signs and symptoms should be
sought.

If the paresis has existed over a longer period of time, all these relatively easy
distinctions become less clear. The paretic muscle or its antagonist may become
contracted or fibrotic and forced ductions may not remain entirely free. Gaze position
measurements can become more uniform in all fields. An aberrant head position may
be present. Separation of long-standing paresis from a restrictive disorder, such as that
seen with milder degrees of thyroid ophthalmopathy, can be difficult.

Diagnostic evaluation may require computed tomography or magnetic resonance
imaging of the head and orbits.

Convergence insufficiency or paralysis

Inability to converge adequately for near vision tasks is associated with diplopia at
near in adults. Associated exotropia or intermittent exotropia may be present.
Accommodative needs must be assessed and neutralized before concluding that a
patient has convergence insufficiency. Convergence is thought to become more difficult
in older patients, particularly in patients with an associated intermittent exodeviation.
Diagnosis of convergence insufficiency can be difficult because convergence, in part,
depends upon the effort exerted by the patient. Both functional and organic grounds
for the apparent inability to converge exist. True or organic inability to converge
(convergence paralysis) usually occurs suddenly and is characterized clinically by
marked insufficiency or total lack of convergence, but with retention of medial rectus
function on lateral gaze. Exotropia at distance is not present. The absence of convergence
is usually associated with absence of miosis and lack of accommodation on viewing a
near target (each component of the near reflex triad is affected).

Lesions of the dorsal brainstem in the region of the superior colliculi or of the occipital
lobe are usually responsible for the patient’s inability to converge, and associated brain-
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stem and occipital lobe signs can be present. Goldmann visual fields and imaging stu-
dies should be obtained when otherwise unexplained signs of inability to converge
exist.

In general, treatment of convergence insufficiency is conservative and consists of
near point exercises for younger patients and glasses and prisms for near tasks for
older patients. In my experience, convergence exercises are of little use in older adults.
Medial rectus resection can be performed, but results are variable and difficult to predict
for the individual patient. Most adult patients with significant convergence insufficiency
remain asthenopic, despite all forms of treatment. Single vision reading glasses with
appropriate base-in prisms are helpful in some patients. Monocular viewing can be the
best solution for near vision tasks in other patients.

Divergence insufficiency

A patient with sudden onset of divergence insufficiency will complain of diplopia at
distance but not at near. Ductions may reveal mild underaction of each lateral rectus
muscle. The distance deviation usually will measure 15 prism diopters of esotropia or
less. A new onset of such symptoms should warrant a careful neurological examination,
looking for other signs of neurological disease. Some cases progress to bilateral sixth
nerve palsy. One study demonstrated that this condition resolved in a median of five
months in as many as 40% of patients if associated neurological disease was not pre-
sent.1 Treatment should be conservative until a stable deviation has been demonstrated.
Both lateral rectus resection and medial rectus recession have been utilized with success.2

Skew deviations

Skew deviation refers to a hypertropia that cannot be explained on the basis of orbital
disease or specific extraocular muscle innervation deficit. The vertical deviation may
be concomitant or non-concomitant. A diagnosis of skew deviation is seldom made in
the absence of associated brainstem or cerebellar signs. Thus, skew is felt to result from
posterior fossa dysfunction, although no specific site for such a lesion has been
demonstrated. It is usually seen with unilateral posterior fossa disease and the more
hypotropic eye is thought to be ipsilateral to the site of the lesion.

When treated surgically, efforts are directed toward the mechanical realignment of
the visual axes.

Convergence insufficiency, divergence insufficiency, and skew deviation have
confounded ophthalmologists in many ways, and are often confused with other
conditions producing diplopia. Inability to accurately localize the precise lesion causing
these symptoms characterizes all three of these conditions.3

Adult onset of diplopia in patients with a long-standing history of strabismus

This is not an unusual presentation, but can be puzzling to the patient and physician.
Sometimes seemingly incidental or trivial events can make an adult aware of diplopia,
much as a child will suddenly discover physiological diplopia. However, an adult,
once aware of diplopia, finds that avoiding diplopia can be difficult or impossible.
Persistent diplopia is annoying and troublesome, although most adults eventually adjust
to their ‘new’ angle of strabismus with eventual diminution in their symptoms.
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Whether their adjustment is recovery of their ability to suppress the second image
depends primarily on their ocular history and on the stability of their alignment. Most
adults with new complaints of diplopia will choose to explore therapeutic options rather
than allow diplopia to persist indefinitely.

The recent onset of diplopia in adult patients with a history of childhood strabismus
usually is assumed to have resulted from some change in their angle of strabismus. A
new problem such as cranial nerve palsy must always be ruled out. In the absence of a
new problem, the optical axes are assumed to have moved from the usual position for
that patient to the newer alignment with resultant diplopia. Diplopia may also result
from a visual change in the patient’s job requirements. It is generally assumed that the
ability to suppress or to ignore a diplopic image diminishes with age. Further, fusional
amplitudes diminish with age, with a resultant reduction in the ability to control latent
strabismus.

Change in alignment of the optical axes may occur for several reasons, including
systemic illness, medication, trauma, refractive needs, cataract surgery, retinal surgery,
and others. Office examination using prisms in free space, major amblyoscope
measurements, tests for torsion, suppression and fusion can be reasonably predictive
of whether or not the patient’s diplopia can be relieved via surgical intervention.
Elimination of diplopia in such a patient may require precise alignment of the optical
axes or the re-creation of a small angle of strabismus.

Recent adult extraocular muscle surgery with resultant diplopia

A thorough preoperative work-up with appropriate office testing will identify most
adult patients with strabismus who are likely to experience troublesome diplopia if
their existing strabismus is corrected surgically. This testing can be carried out during
one or more office visits by using prisms in free space, or by asking the patient to wear
Fresnel™ prisms on his glasses for a period of time preoperatively. Thirty-four percent
(143/424) of adult strabismic patients so tested were found to have diplopia when
their alignment was neutralized with prisms preoperatively.4 Only 40 (28%) of these
at-risk patients developed diplopia postoperatively, however, and this diplopia
persisted for less than six weeks. Three patients identified preoperatively as at risk for
diplopia did develop intractable diplopia postoperatively. Based on these data, it would
seem prudent to advise all adult patients with long-standing strabismus that realignment
of their eyes could result in postoperative diplopia. For about 10% of these patients,
this diplopia will be transient and will resolve in a few weeks. Intractable diplopia will
develop in less than 1% of patients. Unfortunately, neither the patient nor the doctor
can be sure preoperatively just who that 1% of patients might represent. It is especially
important to remember that the postoperative alignment of the patient’s eyes must be
precise and must include horizontal, vertical, and torsional alignment before it can be
stated that the patient is incapable of fusion or suppression. Nevertheless, most patients
with long-standing strabismus can be treated successfully. An overall success rate of
87% has been reported for treating such patients.5

Muscle slipped, ‘lost’, transected, or denervated

Occasionally, and for a variety of reasons, an extraocular muscle might slip within its
capsule after apparently successful extraocular muscle surgery. In other cases, the
muscle can become ‘lost’ or injured as a result of trauma, eye muscle surgery, or in
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the course of a surgical procedure in the orbit or adjacent to the orbit. The injured
muscle remains in the orbit, of course, but can be detached from the globe, pulled in
two, transected, or denervated. An injured or detached muscle can be difficult to locate
in the presence of significant tissue trauma, blood, and distorted anatomy. Computed
tomography of the orbit often shows that the muscle spontaneously reattaches to sclera
behind the equator of the globe. In these cases and in cases where the muscle retracts or
slips within its capsule, the muscle can usually be located, secured, and reattached
more anatomically by utilizing standard extraocular muscle techniques. In other cases,
a muscle can be difficult or impossible to retrieve successfully via standard techniques.
Successful muscle retrieval in these cases has resulted from using a variety of innovative
measures, including transcutaneous medial orbitotomy approaches and transnasal
endoscopic techniques.6-9 Muscle transfer procedures have to be considered when the
muscle cannot be retrieved.

Cataract surgery

A variety of reasons exist that explain diplopia that is temporally related to cataract
surgery. These reasons include pre-existing disorders, disorders produced by prolonged
occlusion by the cataract, disorders produced by muscle injury in the course of the
cataract surgery or anesthetic administration, and disorders resulting from the optical
changes produced by the cataract removal and optical correction.10

It has been shown that local anesthetic agents and antibiotics injected into the orbit
can infiltrate one or more of the extraocular muscles with resultant myotoxic or
neurotoxic impairment of that muscle or muscles.11 The mechanism is presumed to
include that of localized muscle edema and closed-compartment ischemia, followed
by loss of elasticity and fibrosis of that muscle. Presumably, contracture of other
extraocular muscles can occur depending on the patient’s fixation pattern and on
specific muscle involvement. Pre-existing but asymptomatic conditions, such as thyroid-
associated ophthalmopathy, have been shown to be responsible for many cases of
diplopia following cataract surgery.12 Overaction of specific muscles, including the
superior oblique muscle that are presumed to have been injected, has been reported,
but this is not thought to be common and weakness of a muscle is the usual finding.13

Concomitant use of hyaluronidase with local anesthetic injections is thought to be
somewhat protective in that hyaluronidase minimizes focal accumulation of the
anesthetic agent.14

After the precise reason for post-cataract diplopia has been determined and optical
aberrations treated appropriately, extraocular muscle surgery may be required.
Successful treatment of non-optical diplopia after cataract surgery consists of watchful
waiting for stability over a period of four to six months. During this interval, diplopia
can be relieved utilizing press-on prisms or by occlusion. Surgical realignment can be
successful, but many patients do require glasses, prisms, or ancillary treatment, even
after extraocular muscle surgery.15

Refractive surgery

Diplopia can develop infrequently after LASIK or other forms of refractive sur-
gery.16 This may occur because of vertical decentration of the corneal flap, ‘visual
aberrations’, central islands, aniseikonia, unexpected refractive outcomes, or ir-
regular astigmatism.17 Only a relatively small number of flaps (3.4% in one series)
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are truly decentered.18 LASIK enhancement has been shown to be effective in
correcting decentration.19 Rarely, diplopia occurs because of unrecognized pre-
existing strabismus that, after correction of the refractive error, becomes sympto-
matic.

Clinical trial of optical correction via a contact lens prior to surgery can be predictive
of diplopia due to aniseikonia and, to some degree, of the patient’s ability to cope with
this development. The New Awaya test for aniseikonia may be useful clinically for the
determination of significant degrees of aniseikonia.20 Aniseikonia is treated with high
index refraction lenses in most cases when it is symptomatic.21

Thyroid-associated ophthalmopathy

Milder forms of extraocular muscle involvement secondary to thyroid-associated eye
disease are said to be the most easily overlooked causes of adult strabismus. All the
extraocular muscles are involved in this disorder, but some muscles are more affected
than others. In order of frequency, the inferior rectus, medial rectus, superior rectus,
and lateral rectus muscles are involved. The oblique muscles are only rarely affected
clinically to a significant degree. The usual history obtained from the patient is that of
treatment for hyperthyroidism years previously, subsequent thyroid hormone
replacement therapy, and gradual development of diplopia. Thyroid replacement
therapy usually is evident from the patient’s medication list. Ductions will be limited,
or lack of commitment will be apparent when gaze-position measurements are recorded.
Proptosis may or may not be present. Ultrasound and computed tomography can be
helpful in assessing the size and shape of the extraocular muscles, but are not always
diagnostic. Surgical treatment is based on clinical findings, and may include orbital
decompression followed by extraocular muscle surgery.

Retinal disorders

Compression or separation of retinal receptors in the foveal area from any cause can
result in aniseikonia with diplopia.22 This may occur with macular degeneration, macular
holes, and vitreoretinal traction. Vitreoretinal surgical intervention does not necessarily
relieve the patient’s diplopia. Extraocular muscle surgery is seldom indicated because
of the small angles of deviation. Prisms may be helpful in some cases, but are likely to
produce only transient relief.

Retinal translocation surgery has produced dramatic improvement in visual acuity
in many patients with various forms of macular degeneration. The improvement in
visual acuity is often accompanied by large angle horizontal, vertical, and torsional
diplopia, due to the non-anatomical position of the translocated retinal elements.
Complaints of torsion and vertical diplopia characterize this condition.

So-called ‘full’ macular translocation, where the macula is moved 15-20 degrees, is
more likely to induce large angle strabismus than ‘limited’ macular translocation,
where scleral imbrication is performed with little movement of the fovea away from its
usual anatomical location. Thirteen of 250 patients (5.2%) treated with limited
translocation complained of postoperative diplopia.23 Diplopia resolved in ten of these
13 patients with prism therapy alone, but persisted in three patients who required
occlusive lenses for diplopia relief. Prism and cover tests did not reliably quantify the
deviations, and some diplopic patients had no discernible deviation of their eyes with
cover testing.
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Treatment options for ‘full’ macular translocation have included extraocular muscle
surgery at the time of retinal surgery in an effort to prevent large angle deviations from
occurring.24 Usually, however, surgical intervention for diplopia is delayed and the
patient’s complaints are managed with prisms if possible. Prisms, of course, have little
effect on the torsional aspect of the patient’s deviation. If surgical correction is
undertaken, more than one surgical procedure can be required, and limited success
can be expected. Due to the large cyclovertical components of the usual deviation,
oblique muscle surgery often is performed. It is not likely that stereopsis will be
recovered as a result of surgery in most of these cases.25 Surgery for ‘full’ macular
translocation with resultant diplopia may be most useful for those patients who are
essentially monocular, but who have special disorientation. However, isolated cases of
recovery of stereopsis after extraocular muscle surgery in cases of limited macular
translocations have been reported.26

More common reasons for diplopia associated with retinal detachment surgery are
mechanical restrictions created by encircling bands and sponges that compromise or
limit extraocular muscle movement.

Blepharoplasty, pterygium and extraocular muscle surgery

Blepharoplasty has resulted in diplopia secondary to extraocular muscle injury.27 It
appears that the risk of diplopia may be increased when transconjunctival ble-
pharoplasty is performed rather than transcutaneous blepharoplasty.

Pterygium surgery has resulted in injury to, or disinsertion of, the medial rectus
muscle with resultant strabismus and diplopia.28

Inclusion cysts occasionally develop following extraocular muscle surgery and can
be quite large.29 The precise etiology of these cysts is not always clear.30 Conjunctival
elements are often identified in the cyst wall, and it is assumed that most of these are
related to surgical technique.

Myasthenia gravis

While not limited to adults, myasthenia gravis typically presents in the adult population.
Diplopia and ptosis are common presenting complaints, and myasthenic symptoms
frequently are limited to the extraocular muscles and to the levator palpebrae superioris.
A history of variability in symptoms is usually obtained. Thus, a patient might be
symptom-free after a night’s sleep, only to develop increasing symptoms as the day
progresses. A variety of diagnostic tests and therapeutic options are available to the
examiner (see Childhood blepharoptosis, pp. 233-250). It should be noted that
acetylcholine receptor antibody test results might be normal in as many as 71% of
myasthenic patients whose symptoms are limited to the eyes.31

Myasthenia patients often require extraocular muscle surgery or ptosis surgery. Long-
standing inactivity at the myoneural junction often leads to permanent dysfunction,
with resultant paresis and contracture of the extraocular muscles and the levator muscle.
Surgical success is quite good in such patients as long as their systemic status and
medical management has been optimized.
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Multiple sclerosis

Multiple sclerosis (MS) produces many ocular signs and symptoms, as well as
generalized symptoms. The classic presentation of internuclear ophthalmoplegia is well
known to ophthalmologists. MS may present with any combination of vertical, horizon-
tal, and torsional diplopia. Diplopia may also occur in only one field of gaze. Isolated
extraocular muscle palsy has been reported.32 Other central nervous system and
midbrain signs of dysfunction are often present.33 Nystagmus may also be present.
Stable strabismus originating from MS is occasionally treated with extraocular muscle
surgery. I have treated six such patients surgically, with recovery of a useful diplopia-
free field of vision in each patient. One patient eventually required a second surgical
procedure after exacerbation of her MS.

MS has been reported in two patients who also had thyroid-associated ophthalmo-
pathy and myasthenia gravis.34

Myositis

Inflammation may involve one or more of the extraocular muscles. The patient
complains of pain on eye movement, and ductions are limited in the field of action of
the involved muscle. Tenderness to palpation of the globe in the vicinity of the affected
muscle is usually present. Some consider this condition to be a localized form of orbital
pseudotumor.35 Response to systemic corticosteroids is considered to be confirmatory
to the diagnosis if a dramatic reduction in symptoms occurs.

Other inflammatory disorders

Rheumatoid arthritis has been associated with the development of Brown’s syndrome
in adults and with isolated extraocular muscle inflammation. Other types of orbital
inflammation including vasculitis and necrotizing scleritis may affect the orbit and its
contents.36-38

Tumors

Primary orbital tumors, particularly of the lacrimal gland, are not uncommon in adults.
Further, the orbit is a metastatic site for several tumors.

My recent experience

The 100 most recent consecutive charts of adult patients for whom I had surgically
attempted to realign their eyes were reviewed for age of the patient, diagnosis, and
surgical result. Diagnoses listed are based on the surgeon’s clinical judgment as to the
most likely explanation for the patient’s current condition. Diagnoses were arrived at
via an assessment of the history, clinical examination, and imaging or laboratory stu-
dies when appropriate.

A variety of surgical procedures were employed. Unsatisfactory alignment post-
operatively is defined as failure to achieve alignment in or around primary posi-
tion to a degree that either the patient or the surgeon, or both, believe that further
surgery or prism glasses are necessary. No patient required occlusion for relief of

noao2003-20.pmd 12/5/2003, 12:56 PM165



166 F.D. Ellis

postoperative diplopia. Several patients with satisfactory alignment around pri-
mary position continued to have diplopia in some field of gaze. No patient had
‘intractable’ diplopia in or around primary position. Some patients had residual
amblyopia with suppression (Table 1).

Table 1. Clinical diagnoses in adults undergoing extraocular muscle surgery and results (n = 100;
age range, 22-83 years; average age, 55.32 years)

Diagnosis No. of patients Unsatisfactory alignment

Strabismus 39 2
Neurological disease 20 5
Thyroid-associated disease 14 2
Closed head trauma 9
Cataract surgery 6
Retina surgery 5 2
LASIK 4
Myasthenia gravis 2
High myopia 2
Total 101 11

Note: one patient had both thyroid-associated ophthalmopathy and myasthenia gravis

Summary

Adults develop diplopia for a wide variety of reasons. Symptoms must be corre-
lated to clinical findings. Treatment options are numerous, but choices are largely
dependent upon the underlying diagnosis and the general health of the patient.
Extraocular muscle surgery can effectively relieve symptoms without creating a
new problem in most of those patients for whom it is indicated.
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The dragged-fovea diplopia syndrome

David L. Guyton

The Krieger Children’s Eye Center at the Wilmer Institute, The Johns Hopkins University
School of Medicine, Baltimore, MD, USA

Over the past 15 to 20 years, we have seen approximately 90 patients with small-
angle, comitant diplopia, almost always with a small vertical component, which
was impossible to correct with prism in the glasses. Typically, a small vertical
prism relieves the diplopia momentarily, but the double vision returns in five to
20 seconds. The patient usually presents with a ‘bag-of-glasses syndrome’, unable
to obtain a satisfactory pair of glasses to eliminate the diplopia.

These patients have all had one finding in common – retinal disease producing
traction on the fovea. The Amsler grid examination was always abnormal in at
least one eye. The cause of the diplopia quickly became apparent: the fovea in one
eye was being dragged out of alignment with the fovea in the other eye, even
though visual acuity often remained reasonably good. Peripheral fusion main-
tained single vision in the periphery, but central, foveal fusion was not strong
enough to compete with peripheral fusion, and central double vision was the re-
sult! We have dubbed this syndrome the dragged-fovea diplopia syndrome.1

When a small prism was introduced to rid the patient of the central diplopia,
the resulting peripheral diplopia stimulated peripheral fusion to realign the eyes,
compensating for the prism, and central double vision returned. Some patients
have been given more and more prism, actually causing true strabismus over time,
secondary to adaptation to the increasing prism!

The most common cause of this problem is a parafoveal epiretinal membrane.2
Other causes are scars near the fovea, subretinal neovascular membranes causing
foveal distortion,3 and a previously detached retina that reattached in a distorted
manner.
This cause of the double vision should be suspected when:
• the misalignment is of a small-angle and comitant, usually with a small vertical

component;
• prism has been tried before but has been unsuccessful; and
• there is a history of retinal disease, retina treatment, or practically any form of

intraocular surgery.

Address for correspondence: David L. Guyton, MD, Wilmer Institute 233, Johns Hopkins Hospital,
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The diagnosis can definitely be confirmed by:
• finding an abnormality on Amsler grid testing in at least one eye;
• observing recurrence of the diplopia within five to 20 seconds after initial

neutralization with a small prism;
• observing central fusion of a small white letter against a black background when

the room lights are turned off entirely (Fig. 1b), with recurrence of the central dou-
ble vision when the room lights are turned on again (Fig. 1a). We call this the small-
field central fusion test, or simply the lights on-off test; and

• observation of a scar or epiretinal membrane in or near the fovea of one eye on
careful slit-lamp fundus examination.

Treatment of the dragged-fovea diplopia syndrome by prisms or by eye muscle
surgery is absolutely futile. Vision is good enough that retinal surgery is usually
contraindicated because of the risks involved. Even when epiretinal membranes
can be peeled, the distortion they have caused does not often disappear.

Occasionally we can be lucky enough to be able to convert the patient to mono-
vision, either with contact lenses or occasionally with glasses, so that one eye is
used for distance and the other for near. However, the optical difference between
the two eyes with monovision is not usually enough for the patient to be able to
ignore the central double vision.

Fig. 1a. A single white-on-black letter on a visual acuity monitor is seen double when the lights
are on, stimulating peripheral fusion.
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Occlusion of one eye may be the best option. This is best done with partial
occlusion, using a vertical strip of three-quarter-inch wide Scotch ‘Satin’® tape
placed on the rear surface of the glasses before the non-preferred eye. This is a new
type of Scotch tape that is finely translucent, enough to block the patient’s central
vision, but clear enough for others to see the patient’s eye through the tape. In
other words, it is cosmetically much more acceptable than a black patch, and much
less obvious than most other types of tape.

Patients with the dragged-fovea diplopia syndrome are always distraught to
learn that the underlying problem cannot be corrected, but at least they are happy
to finally learn the cause. They are also very appreciative when shown the benefits
of partial occlusion. The Scotch Satin tape does interfere with depth perception,
but this is usually a small price to pay to be rid of the central diplopia.
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Guidelines for the surgical treatment of paralytic strabismus

Edward G. Buckley

Duke University Eye Center, Durham, NC, USA

Introduction

The problem

Paralytic strabismus is difficult to treat because the amount of ocular misalignment
is variable depending on the direction of gaze. This incomitancy makes it impos-
sible to manage these situations successfully with prisms or standard strabismus
techniques, which work best when the deviation is reasonably the same in the
major gaze positions. A second part of the problem is the possibility that both a
horizontal and vertical deviation may be created by the paresis. This is especially
true with third nerve palsies where both horizontal and vertical muscles may be
affected. In such circumstances, both components need to be addressed in order to
obtain a satisfactory result. In patients with fourth nerve palsies in addition to a
horizontal and vertical component, there may also be a torsional issue that can be
an extremely bothersome component. Failure to eliminate the torsion may result in
an unsatisfactory outcome.

Lastly, in patients who have long-standing paralysis, the ocular motility defect
may have a restrictive component to it. The most common is a contracture of the
antagonist muscle. The more paretic the muscle, the more likely a restriction may
result due to contracture of the antagonist muscle. Recognition of this phenom-
enon is paramount in designing a successful surgical procedure.

The solution

Since the major problem in paralytic strabismus is incomitance, the best surgical
procedure will be one that has an incomitant result. That is, the corrective effect
of the operation will be greater in one field of gaze than in another. Developing the
appropriate ‘incomitant’ strabismus surgery can be achieved by taking three fun-
damental principles into consideration:

Address for correspondence: Edward G. Buckley, MD, Duke University Eye Center, P.O. Box 3802,
DUMC, Durham, NC 27710-3802, USA
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• Improve muscle function in the involved eye
This can be achieved by either increasing the action of the involved muscle
through a resection or tuck-type procedure, or by creating an alternate force
vector (often necessary in complete paralysis) by an extraocular muscle trans-
position procedure.

• Create matching weaknesses in the other eye
This usually involves weakening the yoke muscle of the paralytic muscle and,
on occasion, its antagonist. Since diplopia results from an imbalance in the
coordinated effort between the two eyes, and it is often impossible to restore
normal function to the paralytic muscle, the yoke muscle of the uninvolved eye
needs to be matched to whatever resulting function can be achieved. In most
cases, there is one gaze position where the eyes are aligned and it is located in
the opposite direction to the field of action of the paralytic muscle. Strengthening
or tightening the paralytic muscle will limit ocular rotation in that direction
creating a deviation where none existed before the surgery. This deviation can
be reduced or eliminated by weakening the contralateral antagonist to the yoke
muscle. Therefore, creating a matching weakness in the contralateral eye will
often necessitate weakening both the yoke and its antagonist. This approach
will result in a centered, wide area of single binocular vision.

• Minimize the creation of new deviations
The choice of surgical options should take into account what problems can be
created by them. A recession may result in a new deviation since the muscle
is now weaker, or a resection may restrict the eye’s movement in the oppo-
site direction. Planning for, and dealing with, these predictable outcomes will
help in obtaining the widest field of useable vision.

Depending on the amount and magnitude of the paralysis, varying amounts of
strengthening the weakness in the involved eye and creating a matching defect in
the sound eye are necessary (Table 1).

Table 1. Isolated muscle paresis surgical strategy

Muscle Mild Moderate Severe

Medial rectus recession yoke resection MR plus resection MR
LR± resection MR recession LR (transposition IR/SR)

recession yoke LR
Lateral rectus recess yoke MR resection LR plus transposition IR/SR

recession MR recession yoke MR
Superior rectus resection SR or resection SR plus transposition MR/L

recession yoke IO recession IR recession contra-
lateral SR

Inferior rectus resection IR or resection IR plus transposition MR/LR
recession yoke SO recession SR recession/faden

contralateral IR
Superior oblique recession IO or recession IO plus tuck SO

recession yoke IR recession yoke IR plus recess yoke IR
Inferior oblique recession yoke SR recession SO plus recession SO

recession yoke SR recession yoke SR
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Surgical planning

When planning a surgical solution, three factors should be assessed:

• Amount of residual function of the paralytic muscle (ocular rotation or ductions)
Mild duction limitation means only slightly decreased movement in the muscle’s
field of greatest action. Mild duction defects can be associated with fairly large
deviations so it is not the size of the deviation, but rather the ocular rotation that
the muscle can achieve that is important to assess. Moderate decrease in duction
indicates a significant limitation. Here the muscle function is reduced by as much
as 50-75%, but function is definitely still present. Severe duction limitation indicates
no function of the muscle at all. In these situations, the eye cannot be moved into
the field of action of the muscle. An example of a severe limitation is a sixth
nerve palsy with no abduction of the eye past midline.

• Field of greatest deviation
This is usually greatest in the direction of the involved muscle, or in the
direction of the antagonist muscle. Occasionally, it can be equal in both
directions. The latter usually implies contracture of the antagonist muscle.

• Minimize the creation of an incomitance that did not exist preoperatively
In essence, the goal is to preserve all areas of single binocular vision that are
present preoperatively and expand them as much as possible. Often this is not
possible, and therefore a secondary goal is to minimize the amount of new
diplopia areas that are created as a result of the surgical procedure. This is an
extremely important point, as often patients are extremely distressed when the
previous area of single binocular vision is eliminated in an attempt to improve
the diplopia in other fields of gaze. This becomes especially disconcerting if the
resultant field of single binocular vision is extremely narrow, or if the diplopia
changes direction with small gaze changes (i.e., esotropia in one field and
exotropia in another).

Surgical approach

Mild duction limitation

In this situation, the deviation can be equally improved by either strengthening the
function of the paralytic muscle (resection), weakening the overacting yoke muscle
(recession), or weakening the antagonist muscle (recession). Depending on the size of
the deviation, surgery on more than one muscle may be required. The choice depends
on whether the deviation is greatest in the field of the paralytic muscle (strengthen
the muscle and/or weaken the yoke) or its antagonist (strengthen the muscle and/or
weaken the antagonist).

Example: A patient with a right fourth nerve palsy has a right hypertropia
that is worse on left gaze (Fig. 1). If the deviation is worse up and left, then a
right inferior oblique recession is performed (weaken the antagonist). If the
deviation is worse down and left, then either the right superior oblique (tuck)
is strengthened or the contralateral yoke (left inferior rectus recession) is
weakened.
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In mild duction limitations, it is often better to weaken the yoke muscle since this
minimizes the chances of creating new deviations in other directions.

Example: A patient has a mild esotropia due to a right sixth nerve palsy (Fig.
2). The deviation is greatest on right gaze. Surgical treatment could include
resection of the right lateral rectus, recession of the left medial rectus muscle,
or recession of the right medial rectus. If the field of greatest deviation is on
right gaze, then resection of the right lateral and/or recession of the left medial
rectus are necessary. Likewise, if the deviation is greatest on left gaze, then
recession of the right medial must be considered. If the right medial were
recessed in the first scenario, an unwanted effect will be to produce an
exotropia on left gaze due to the weakened right medial rectus. Depending
on the amount of medial rectus recession performed, this exodeviation could
be quite large. In order to minimize this lateral incomitance in a field where
there was none previously, the better approach is to recess the left medial
rectus. This matches the right lateral rectus muscle weakness with a similar
weakness in the left eye on right gaze. The eyes are still ortho in the straight-
ahead position, but no significant exodeviation occurs on left gaze.

In some circumstances, the only approach is to weaken the action of the other eye.
Example: A patient has a mild inferior rectus weakness of the right eye (Fig.
3). There is a hypertropia on downgaze, but none in the primary position.
Strengthening the involved muscle or weakening its antagonist (superior
rectus) will create a deviation in primary gaze. The only option is to weaken
the contralateral yoke (left inferior rectus) using the fadenoperation.

This concept of creating a matching weakness in the uninvolved eye is fundamen-
tal to achieving a wide range of single binocular vision in patients with paralytic
strabismus.

Moderate duction limitation

The treatment of a moderate paresis requires a strengthening procedure on the pare-
tic muscle in combination with either a weakening procedure of the ipsilateral

Fig. 3. Patient with vertical diplopia on down gaze but no deviation in primary gaze. Right: note
limitation of downward movement of the right eye. Left: after left inferior rectus fadenoperation,
the down gaze diplopia is eliminated.
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antagonist, a weakening procedure of the contralateral yoke and/or a weakening of
the contralateral yoke’s antagonist. In most circumstances, it is better to weaken the
contralateral yoke as opposed to the ipsilateral antagonist.

Example: A patient with a right fourth nerve palsy has a hypertropia which is
worse on down and left gaze (Fig. 4). Since the deviation is greatest in the
field of the involved right superior oblique, a strengthening procedure (tuck)
is necessary. In order to minimize the creation of an iatrogenic Brown
syndrome, the contralateral yoke (left inferior rectus) is also weakened. A

Fig. 4. Patient with a right fourth nerve palsy after orbital trauma. Column A: preoperative pho-
tos showing left head tilt with overacting right inferior oblique and underaction of the right
superior oblique muscles. There is a large right hyper on right head tilt. Column B: postoperative
photos after a right superior oblique tuck and a left inferior rectus recession. Note marked im-
provement in all positions.

A B
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recession of the right inferior oblique will not be helpful since there is almost
no deviation up and to the left in its field of action.

If the antagonist muscle is contracted, then the restriction must be addressed,
necessitating a loosening procedure on that muscle. This will create a new devia-
tion on opposite gaze, for which treatment may be required.

Example: A patient has large left sixth nerve palsy with a tight left medial
rectus muscle on forced duction. This will require a recession of the tight left
medial rectus muscle together with a resection of the paralytic left lateral
rectus muscle. If the deviation preoperatively was comitant and there is a
moderate esotropia on right gaze, then this will yield a satisfactory result.
However, if the field of greatest deviation is in left gaze and there was little
or no esotropia on right gaze, an exotropia will occur postoperatively in that
direction. To address this problem, a right lateral rectus recession on adjustable

Fig. 5. Patient with a right sixth nerve palsy. Top: right gaze showing severe limitation of ocular
movement to the right. Middle: post transposition procedure with improved movement, but still
esotropic. Bottom: post left medial rectus fadenoperation. Note elimination of esotropia on right
gaze plus increased movement of the right eye due to Sherrington’s law.

noao2003-22.pmd 12/15/2003, 12:09 PM180



Guidelines for the surgical treatment of paralytic strabismus 181

suture can be entertained, either at the time of the original surgery or as a
second procedure. When performed at the time of the original surgery, it
allows for placement of the left medial rectus in the best position to achieve
as much movement on left gaze as possible, without worrying about an
exodeviation being created on right gaze, since that can be adjusted for by
recessing the right lateral rectus.

The importance of minimizing the creation of a deviation in the one field of gaze
where the patient previously was seeing single cannot be over emphasized.

Severe duction limitation

If there is no muscle function, then some form of alternative force needs to be created.
There are basically two options for this: a large resection or tightening of the involved
rectus muscle, or a transposition procedure.

Example: A patient has complete right sixth nerve palsy (Fig. 5). Since there is
no abduction of the right eye, a transposition procedure is performed moving
the right superior and inferior rectus to the right lateral rectus. A residual
esotropia persists on right gaze.

Experience has shown that transpositions or resections will not normally result in
full movement, and a weakening procedure of the contralateral yoke will be nec-
essary to enhance the effect.

Example: A patient with left partial third nerve palsy has a large exotropia on
right gaze (Fig. 6). Medial transpositions are not as effective in creating
adduction as they are abduction, because of the arc of contact these muscles
make with the globe. Resections are generally preferred especially if the
proposed transposed muscles are already compromised. The patient had a
large resection of the weak medial rectus on the left, a large recession of the
right yoke muscle (right lateral rectus), and a recession of the right medial
rectus.

While recession is generally used to weaken the yoke muscle, another effective
way is to make use of the fadenoperation (Fig. 7). This procedure is especially
effective in lateral rectus muscle paresis and can provide an additional enhance-
ment. In patients with mild limitation and a small deviation in the primary posi-
tion, it can be combined with a recession. In more severe limitations, it can be used
to expand the field of single binocular vision in the direction of the paralytic
muscle. Its major advantage is that it does not increase the risk of an unwanted
deviation on opposite gaze.

If the ipsilateral antagonist muscle is contracted or tight, then a recession of this
muscle will be necessary. This can be assessed at the time of the original transpo-
sition procedure. If anterior segment ischemia is a concern, botulinum toxin can be
injected into the antagonist muscle in order to achieve temporary weakening. This
can be performed at the time of or before the transposition surgery. If injected
prior to the surgical procedure, it can assist in assessing the residual muscle func-
tion of the paralytic muscle.

Patients will develop a deviation on opposite gaze after transposition proce-
dures with recession of the antagonist muscle, or after large resections of the para-
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lytic muscle (Fig. 6). This deviation can be proved or eliminated by recession of the
contralateral antagonist of the yoke. This often requires a fairly large recession to
control. If the eyes are straight in the primary position and the deviation is only
present in one direction, then a fadenoperation on the muscle can be used.

Multiple muscle paresis

In patients who have more than one paretic muscle, the outcome goals need to be
altered, as it is usually impossible to obtain full function. Emphasis should be
placed on aligning the eyes centrally and in the downgaze position. Alternative
forces are usually necessary and will require either a transposition or a resection.
Each muscle is assessed independently with the results being combined in order
to design a surgical approach.

Example: A 65-year-old patient has a right third nerve palsy. The patient is
unable to elevate and adduct the right eye (Fig. 8). He shows an exotropia
that appears relatively similar in all horizontal gaze positions and a marked
right hypotropia. He will need an alternate force for the right superior rectus
because there is no function, and a resection of the right medial rectus with
either a right or a left lateral rectus recession. Since a transposition can be
combined with a resect/recess procedure, the entire surgery can be performed
on his right eye, involving only two of the rectus muscles. The medial rectus
is resected and transposed superiorly to the medial border of the superior
rectus, and the lateral muscle is transposed to the lateral border of the superior
rectus and then recessed with reference to the spiral of Tillaux. The resection/
recession can actually be done with an adjustable suture technique if desired
(Fig. 12).

Other combinations of partially functioning muscles can be approached in the
same manner. The underlying general principles are to improve muscle function
whenever possible and to weaken overacting yoke muscles (Fig. 9). Surgery on
antagonist muscles can be used to enhance the resection effect, but runs the risk
of creating a deviation in a field where one did not previously exist. If this is
necessary, then surgery on the contralateral antagonist will also be needed.

Special surgical considerations

Fadenoperation

Fadenoperation is ideally suited for treating paralytic strabismus (Fig. 10). The primary
benefit of the fadenoperation is selective limitation of ocular rotation of the muscle on
which the suture is placed. Since only one direction of ocular rotation is effected, this
procedure is very useful in correcting incomitant strabismus. It is especially helpful if
primary position alignment is satisfactory and change is required in one direction of
gaze only. If a primary deviation does exist, the fadenoperation can be used in
combination with a recession or resection to obtain maximum effect. For example, a
patient has a mild limitation on downgaze of the right eye due to right inferior rectus
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Fig. 8. Patient with a right partial third nerve palsy. Column A: note marked inability to elevate
and adduct the right eye. There is a very mild limitation of depression. Column B: after transpo-
sition of the right medial and lateral rectus superiorly. The medial rectus was also resected for
the exotropia. Note that now the depression weakness is exaggerated due to the elevation effect
of the transposition. This was treated with a fadenoperation on the left inferior rectus (see Fig.
3).

A B

weakness, but no deviation in the primary position. A fadenoperation on the
contralateral inferior rectus will restore alignment downward without affecting the
primary position.

Adjustable sutures

The adjustable suture technique is an extremely valuable tool in the treatment of
paralytic strabismus since precise surgical tables are not available to provide guidance
on how to treat paralytic strabismus. The degree of paresis and the dynamics of the
other extraocular muscles influence the response to surgical intervention, and are
different for each patient. Having the ability to augment the amount of recession or
resection in the immediate postoperative period is very helpful.
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Transpositions

Transpositions provide a dynamic force vector in the field of the transposed muscles
which is not active force, but rather a passive force much like a spring. This pas-
sive force can be modulated by the antagonist muscle in order to allow movement
to occur. The saccadic velocity in the direction of the transposed muscles is signifi-
cantly decreased from normal, and patients still experience difficulties, especially
during fast movement. There are a variety of transposition procedures to choose
from, with the most popular being the full-tendon transposition. Other procedures
can be used in special circumstances when compromised anterior segment blood
supply or previous surgeries make this necessary (Jensen, Hummelsheim, and
Knapp procedures).

In the full-tendon transposition, the entire rectus muscle is relocated adjacent to
the paralytic muscle (Fig. 11). In the case of a sixth nerve palsy, the superior and
inferior recti are transposed adjacent to the paralytic lateral rectus. The advantages of
this technique include minimal rectus muscle manipulation, commonly used surgical
techniques, and ease of reoperation. This procedure also can be combined with a
resection and/or recession of the transposed muscles for a complicated horizontal
and vertical deviation (Fig. 12).

Several modifications to the full-tendon transposition procedure have been shown
to increase its effectiveness. Buckley described using a nonabsorbable suture to attach
the edges of the transposed muscle to the paralytic muscle (Fig. 13). In the case of a
sixth nerve palsy, the lateral border of the superior rectus and the superior border of
the lateral rectus would be sutured together. The suture is placed approximately eight

Fig. 10. A. Fadenoperation is performed by suturing rectus muscle to eye within 12 mm poste-
rior to insertion with nonabsorbable suture. Effect is to create new insertion at suture location,
which results in decreased rotation in muscle’s field of action. B. This can be combined with a
recession if an effect in the primary position is desired.

A B
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Fig. 11. Full-tendon transposition. A. Appearance of full-tendon transposition for paralytic lat-
eral rectus. B. Note that relative distances from insertion to limbus have been preserved, but
insertions have been displaced laterally to lie immediately adjacent to lateral rectus insertion.
Same procedure can be used for any isolated weakness of rectus muscle.

A

B
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C

Fig. 12. Full-tendon transposition can be combined with recession and resection of transposed
muscles to address secondary deviation. In this patient, inferior rectus was recessed and supe-
rior rectus resected to correct hypotropia in addition to paralytic lateral rectus. Recession is
performed relative to new insertion (dotted line) and is moved back at distance a in relation to
it. Resected muscle is reattached at new insertion adjacent to lateral rectus.

Fig. 11.
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Fig. 14. Knapp procedure. The entire rectus is transplanted to the paralytic muscle. Unlike full-
tendon transposition, the muscle is reattached parallel to the lateral border of the paralytic
muscle, as opposed to parallel to the insertion.

Fig. 13. Suturing the border of transposed muscles to the paralytic muscle can further enhance
the effect of transposition. A nonabsorbable suture is placed 6-8 mm from the insertion along
the lateral border of the transposed muscle. The suture is passed through the border of the
paralytic muscle and tied loosely. The procedure is repeated for the other transposed muscle.
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Fig. 15. Jensen procedure. Half the adjacent rectus is isolated and sutured to half the paralytic
muscle. The major advantage is preservation of the anterior ciliary vessels and anterior segment
blood flow. Disadvantages include significant manipulation of the rectus muscles and compli-
cated reoperations.

Fig. 16. Hummelsheim procedure. Half the adjacent rectus is relocated to the insertional border
of the paralytic muscle. Advantages include preservation of the anterior ciliary artery and the
simplicity of the technique. Disadvantages include extensive rectus manipulation and compli-
cated reoperations.
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millimeters posterior to the insertion and incorporates approximately one quarter of
each muscle. The inferior rectus and the inferior border of the lateral rectus are attached
in a similar manner. This provides a slightly increased force vector by directing more
of the transposed muscles laterally. Foster described a similar technique whereby the
portion of the transposed muscle that is closest to the paralytic muscle is sutured to the
globe much in the same manner as in the fadenoperation at a similar location. Results
using this technique also showed a greater improvement in abduction.

The Knapp procedure is very similar to the full-tendon transposition, except that
the muscle is reattached parallel to the lateral border of the paralytic muscle as
opposed to parallel to the insertion (Fig. 14). The advantages and disadvantages of
this procedure are the same as for a full-tendon transposition.

The Jensen procedure is more complicated in its surgical approach. One half of the
adjacent rectus muscle is isolated and sutured to one half of the paralytic muscle (Fig.
15). The major advantage of this procedure is preservation of the anterior ciliary vessels
and anterior segment blood flow. The disadvantages include significant manipulation
of the rectus muscles and complicated reoperations. Jensen procedures do not seem
to generate as much abduction as full tendon transpositions.

The Hummelsheim procedure consists of taking one half of the adjacent rectus
muscle and relocating it to the insertional border of the paralytic muscle (Fig. 16). The
major advantage of this procedure is preservation of anterior ciliary arteries. The
disadvantages include splitting the rectus muscle which causes hemorrhage and
possible fibrosis, and complicated reoperations.

Rectus muscle resections

If the paralytic muscle has any residual function, a resection procedure can be very
effective in improving ocular rotations and realigning the eyes. The resection amounts
are typically larger than in other strabismus situations, and it is usually necessary to
create a mild restriction in the opposite field of gaze in order to obtain a satisfactory
result. This induced strabismus caused by the restriction can be dealt with by recessing
the antagonist of the contralateral yoke muscle. For example, a patient with a right
medial rectus weakness from an internuclear ophthalmolplegia could be treated with
a resection of the involved right medial rectus muscle combined with a recession of
the contralateral left lateral rectus muscle (improve muscle function/create a matching
weakness). This will result in an esotropia on right gaze due to the restricted right
medial rectus muscle as a result of the large resection. A recession or fadenoperation
of the left medial will eliminate this deviation.

The effect of the resection will be to tether the eye toward its field of action by
providing a force to pull the eye in that direction. It will also have an effect on the
resting position of the eye. This procedure is useful in those situations where
transposition procedures cannot be performed for whatever reason. The best out-
come is to generate enough force to pull the eye into its field of action, if unop-
posed. The movement of the eye then depends on the action of the antagonist
muscle. Care must be exercised not to excessively weaken the antagonist muscle
since this will result in a centered eye without much movement.
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Round Table

Adjustable suture technique and uses

Moderator: David Guyton, MD
Panel: Edward G. Buckley, MD

Forrest D. Ellis, MD
Arthur Jampolsky, MD
Burton J. Kushner, MD
Gunter K. von Noorden, MD
Kenneth W. Wright, MD

Dr Guyton: This round table is on adjustable sutures. I suspect I know why I was
asked to talk about this. My practice has evolved to using adjustable sutures on all
patients, except for some oblique surgery, for which I haven’t yet figured out how
to make an adjustable suture work. My practice is currently about 75% adults. A
long waiting list leads to more adults because you can’t see the kids early enough
to treat them properly. So that’s what has happened with me. I started using
adjustable sutures in kids by putting them back to sleep about five or six years ago,
and have worked out a number of ways that seem to work for me. I’d like to
present some slides first, which the panelists know I am going to do, and then we
will talk about their different perspectives as well, which range all the way from
not using adjustable sutures to using them frequently as I do. I think the main
reasons people don’t use adjustable sutures is that they say it takes too much time
and you’re not quite sure where you want to put the muscle. You darn sure know
where you don’t want the muscle to go, though, and I’ve salvaged a number of
bad over-corrections and significant under-corrections by having adjustable su-
tures present. In answer to the first question, if it is really in the patient’s interest,
maybe it’s worth taking the extra time. The other reason why people don’t like
using adjustable sutures, if they use the fornix or cul-de-sac approach, is that they
don’t really know how to get in there and adjust the sutures easily.

I’d like to present four developments which address some of these objections.
I like to use a small incision at surgery, and we came up with a little hook, a small-
incision muscle hook that is made by Katena, that I have no financial interest in at
all, which makes small-incision muscle surgery better. It is just like a regular large
muscle hook but with an extra curve, a little bend in it. You hook the muscle with
a Jameson muscle hook, and then slide this new hook under the Jameson muscle
hook. And then with a small hook you reflect this conjunctiva over the ball of this
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small incision muscle hook while driving the heel of it under the tissue. And so
there is very little stretching of the conjunctival incision. You can do the whole
surgery through a much smaller incision because most of the hook stays under the
conjunctiva most of the time.

Secondly, you can gain exposure to later adjust the suture if you put a traction
suture in after reattaching the muscle to the old insertion, and this is a modifica-
tion that Ken Wright came up with years ago. I take one bite through the old
insertion and one bite anterior. That gives me four strands that hold the conjunc-
tiva and Tenon’s out of the way in order to get to the adjustable suture later, and
that seems to work quite well.

Now here is something we devised just a few months ago. The hospital refused
to buy Vicryl sutures for us any more because they were three times as expensive
as the competing brand, and so we started experimenting with different kinds of
sutures. We have gone back to Vicryl now. But in the process, we devised a noose
that we could use for adjustable sutures which we could take off after the adjust-
ment. We finally perfected this. I am showing this now with some wire that will
show you what the suture looks like, because it is hard to photograph the actual
suture (Figs. 1-9).

Another problem with adjustable sutures is that it’s difficult to adjust the su-
perior oblique. We did work out a way to do this a couple of years ago. Let me
quickly step you through this, and maybe you can see it. A patient with a left
superior oblique paresis after trauma. The trochlea was partially disinserted from
the patient being hit by a brick or a fist in the side of the head. We needed to
tighten the left superior oblique. We have isolated the left superior oblique here.
We are going to take a double-armed 6-0 Mersilene suture, permanent suture. It
has a large needle that I don’t like, but we imbricate the muscle near the superior
rectus border sealing off the tendon so the suture can’t slip forward or backward,
and then take the two ends of the 6-0 suture, and bring them through the tendon
about 9 mm toward the trochlea. We are going to try to tighten this tendon about
7 mm and leave a couple of extra millimeters to tighten later if we need to. Then
we cut off one end of the suture and use it to seal the tendon off again. The
adjustable suture goes up beyond where we sealed it off. We will put a sliding
Vicryl noose on for later adjustment. After surgery, we do a Lancaster red-green
test at the bedside and see what is needed, whether to tighten it or loosen the
tendon. And then the absolute key to adjusting the superior oblique is not to have
the patient look down, but to have the patient look straight or up, to leave the
superior oblique loose, and then it pulls right out of the wound. Use the Desmarres
lid retractor, have the patient look straight or up. We’re sitting here pulling it
forward. Our pulling it forward moves the eye down a bit, but the patient is
looking up during this process. And that was the key to making this technique
work. We can tighten or loosen, and finally tie it off. And it works reasonably well.
We had a good result in this patient.

We have talked a little bit about adjustable suture techniques in children. Let me
show you a couple of key points. Most children of seven years of age and older,
we can do at the bedside with the techniques we use. We put younger children
back to sleep in the operating room with IV propofol anesthesia for a few minutes
to adjust and tie off. The best test to tell whether you can adjust awake is simply
a cotton tip applicator or a piece of tissue applied to the sclera. If the patient
doesn’t blink hard when you do that, you can probably adjust at the bedside. That

noao2003-23.pmd 1/12/2004, 9:21 AM200



Adjustable suture technique and uses 201

has been my experience. If you adjust in the recovery room, you put drops in the
eyes, and have the patient sit up. It is very important to sit up. If the kid won’t
open his eyes, you hold him upside down and pretend to drop him, and that
works pretty well. But we can often do a cover test with an accommodative target,
put the child back to sleep, and tie it off.

Fig. 2. Step 1. Flexible, white-plastic-coated wire is used to illustrate a new, removable, adjustable
suture noose, for which 6-0 VicrylTM suture material is ordinarily used. A loop has first been tied
in the noose with a figure-of-eight knot and an extra throw. Here the noose is placed around the
sutures holding the muscle, using two needle holders.

Fig. 1. In the past, to form our customary noose for adjustable sutures, using 6-0 VicrylTM suture
material, we have wrapped the noose material twice around the two 6-0 VicrylTM sutures hold-
ing the muscle and then have tied an ordinary square knot. There is no way to remove this noose
knot later. It must be left behind, sometimes causing discomfort, especially if it erodes through
the conjunctiva, and always prolonging healing time.

noao2003-23.pmd 1/12/2004, 9:21 AM201



202 Round Table

Fig. 3. Step 2. The noose is placed in “cow hitch” fashion around the muscle sutures...

Fig. 4. Step 3. …  and is pulled tight.

Fig. 5. Step 4. A single throw is placed in the noose ends and will be pulled quite tight.

noao2003-23.pmd 1/12/2004, 9:21 AM202



Adjustable suture technique and uses 203

It does take extra time, but we have looked at our results in 97 patients. This
was just a horizontal series, ten years of age or younger, from over about a seven-
year period. And we compared this with the historical control group, same num-
ber of patients, age-matched, same type of surgery, and from before the time I did
adjustable sutures in infants and kids. Sixty-three of the 97 patients did require
adjustment. Ten of those were adjusted without IV propofol at the bedside, and 53
in the recovery room.

The overall success rate with the adjustable suture was about 85% plus or minus
ten prism diopters. That was our criterion here for this particular success rate at
six weeks out. The adjustable group had 85% success and the non-adjustable group
75%. So it does make a difference, in my hands, and that is what I do. I’d like to
hear from the panel members about their experience. I will start with Art Jampolsky

Fig. 6. Step 5. The noose ends are tied together in an overhand knot, and one is trimmed. The
noose is then slid forward or backward along the muscle sutures to the final adjusted position
postoperatively.

Fig. 7. Step 6. The muscle suture ends are tied against the noose with a three-throw square knot.
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Fig. 8. Step 7. The noose is prepared for removal by first holding the muscle sutures taut and
then trimming the noose ends adjacent to the noose knot.

Fig. 9. Step 8. The loop in the noose is then rocked forward and backward, pulling it cleanly off
the muscle sutures.

since he was one of the major promoters and founders of this whole technique.
Art.

Dr Jampolsky: David, I think you have said it all very, very well. If you had given
that speech 20 years ago, people would have called you a liar, and “Oh, you can’t
do that, blah, blah, blah”, but slowly and surely people joined the curve; some of
them don’t join the curve, and that’s okay too. There are a lot of different ways
to skin a cat. I think that propofol really did change things an awful lot. The only
thing I want to make a comment on is the placement of incisions that people use.
They use different kinds of incisions. The incisions on a re-operation, which is
really where you want to use adjustables, you have to choose with judicious care
because the size of the opening there becomes important, and the placement also.
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And some of them are impractical and it takes two or three assistants just to hold
things apart in an incision. Someone once remarked that if you want to scratch
your axilla, you don’t want to get at it through your open fly, wearing a four
button suit. That’s not a very practical thing to do. The practical thing in re-
operations is just to fold things back, the whole thing on the limbus, and this is the
easiest way I know.

Dr Guyton: Ed Buckley, any comments?

Dr Buckley: I have to agree with Art. I think adjustable sutures are the way to go
for a lot of these adult problems. From that standpoint, I am behind him. I do like
to do the limbus approach, because most of these are fairly difficult situations that
I end up having to take care of, and it is nice to get the anatomy laid out. I want
to just mention two little quick pearls that I have found really helpful with adjust-
able sutures. The first is that, if you are doing your adjustment and you get all set
and you have cut your knot and things seem to be very good, but the next day or
two days later the patient comes back and you have pulled that thing up too tight,
what now. Because you have already done your adjustment. You can actually go
in and cut one of the sutures on one side of the knot, which will cause the muscle
to shift. It will still be held up by the knot, but it will droop on one side, and you
can pick up about ten prism diopters of correction with that kind of approach, and
it can save you from having to go back and readjust. The other option, if you do
a limbus approach as well, is that if you have overdone it and you have clearly
overdone it, you have the knot tied and it is small, you can actually advance that
suture up onto the sclera close to the limbus and suture it down with an 8-0 Vicryl
or something like that at the two corners, and you can actually get about two or
three millimeters of advancement without having to go in again and mess with the
muscle. Those are two little tricks I’ve learned. If immediately afterwards, you’ve
done your adjustments two or three days later and you’re too far one way or
another, and you wish you had another shot at it, this is another way to take a
second bite at the apple and not have to do another operation.

Dr Guyton: Thank you. Gunter?

Dr von Noorden: As you know, David, I don’t share the exuberance that goes
along with your presentation.

Dr Guyton: That’s why you’re on the panel, Gunter.

Dr von Noorden: Exactly. I think this has been a very valuable adjunct to our
surgical armamentarium, but it is by no means a substitute for what we ordinarily
should be doing in our office. There are a number of reasons why I say this. First,
in terms of the results, I am not at all so sure that my results are any better after
I started using adjustable sutures. I just cannot accept that the position of the eye
a few hours after surgery or on the following morning when the child is brought
to the office resembles the position once all the healing has been completed and the
postoperative reaction has disappeared. Very often you can see totally different
eye positions if you observe such patients for a few weeks, when they come back
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for their six-week postoperative follow-up. You often see things and say, my God,
I wish I had not adjusted this patient. Look where the eye is now. It didn’t need
any adjustment in the first place. So this is one thing.

On the other hand, on the positive side, let me give you the other extreme of
what I am against. Shortly after Art gave his memorable presentation here 25 years
ago when he reintroduced adjustable sutures to us, I went to another country
south of us here to one of the CLADE meetings. There was a panel of people
talking about adjustable sutures and this panel culminated in the decision that
there was absolutely no need to measure for strabismus any more, you’re just
wasting your time. If the patient has an esotropia, you just make that statement,
take them to the operating room, put both medial and lateral rectus muscles on
adjustable sutures, and the next day you pull here, and pull here, until the eye is
straight. Why take any measurements whatsoever. It is not necessary any more.
Well, that kind of disgusted me.

Another thing that disgusts me when I use them is that I do things here in the
office to a patient that, for reasons of stability, I would never dare do in the
operating room. Like dragging sutures through bacteria-laden, unprepared skin.
There are some nasty complications. There are abscesses. One of my colleagues in
Houston, across the street, had a horrible case that Cindy (Avilla, CO) will remem-
ber, where this occurred.

So, to make a long story short, I think there are indications. I love adjustable
sutures. I am an absolute fan, when I deal with many of those cases that ended up
in my office, cases that had had so many operations by a doctor elsewhere, and
now I had a totally screwed up case sitting there not really knowing what to do.
Well, I did something when I put adjustables on all muscles and I slept a lot better
that evening than I used to do before I did such cases without adjustable sutures.
So I think there are certain indications, in my book. I am not against them at all.
I appreciate their availability in certain instances, but for me it is not part of my
routine surgery.

Dr Guyton: Darryl, I have a few minutes.

Dr Ellis: I use adjustable sutures, but I try to be judicious, and that means I use
my best guess as to whether I need to do it on this patient or not. Therefore, my
statistics are totally worthless in this regard. The technique I use is a little different
because of how and where I have to adjust them. I don’t know that it is worth
going into or trying to explain without slides. But I think Gunter’s last few re-
marks may reflect my philosophy. With some patients, I sleep better knowing that
I can change the angle on strabismus, or I sleep the day before surgery maybe is
more accurate, because I will adjust a lot of them the same day or the next morn-
ing, in some cases. I don’t use them on every case. I appreciate the commitment
that it takes for you to do that. I think it takes a tremendous amount of time and
effort on your part. I don’t know if there were some valid time studies involved
with your adjusting what I calculated to be roughly two-thirds of your patients,
and how much time it takes for you and your expenses and things versus how
much it will cost that patient, which, as you all know, is enormous, to go back to
the hospital for a second surgery. It would be interesting to see how it actually
comes out. I suspect you would win out in favor of the adjustable suture…
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Dr Guyton: I don’t know. Good comments. Burt?

Dr Kushner: I don’t have a lot to add. My technique is similar. There are slight
differences. I’d like to just comment on several things. I use adjustable sutures
routinely when I operate on adults if I’m doing rectus muscle surgery. In children,
I need to be convinced before I will start doing it as a routine for all my children,
my pediatric patients. I think the kinds of strabismus that we see routinely in
children are different from what we see in adults. They are not just younger pa-
tients. I think that the issue of good control of accommodation is more important
in your typical pediatric patient than in your adult, and yes, you can put their
glasses on and you can wake them up. But I need to be convinced that that’s the
same as seeing them in my examination room when they have been awake for
awhile and their glasses have been on for awhile when I’m getting measurements.
I’m not saying that the other doesn’t work; I’m just saying that, before I would
subject myself and my patients to that, if I have a three-year-old partly accommo-
dative eso, I would need data to show that I am going to get a better result if I use
an adjustable suture in that patient. And I don’t think those data are out there yet.

Dr Guyton: Ken Wright, you have about 30 seconds.

Dr Wright: I use adjustables a lot. When I first went into practice, I was using them
virtually on every adult. I have written papers on adjustable sutures, and it is in
all my textbooks. However, now I would say that it is unusual for me to use
adjustable sutures, especially in standard comitant strabismus. I looked at my
results, for example, on partially accommodative esos. I get just as good results
using a fixed suture as I did in all the reports on adjustable sutures. If you look
at our results, fixed sutures in kids, I get the same results. So, I don’t see a real
use for it in those kids. Now, if it’s not a simple straightforward comitant strabis-
mus, then I would agree, adjustables have a role. The final thing I want to say is
that you can’t hang a normal muscle back more than six millimeters in a confident
way. If you do a lot of adjustables, which I have done, and you are sitting there
and you want to recess the lateral more... let’s say you have an exotropia and you
recess bilaterally, and you want to get that muscle to go back more because you
have a residual exo, it won’t go more than six millimeters in most cases. If you
have an intermittent XT and you want to do bilateral eights, what are you going
to do? You have to add a third muscle. In that case, I would rather do fixed suture,
bilateral eights. So if you are going to do adjustable sutures, you have to plan to
overcorrect, because you can’t depend on moving a rectus muscle back more than
about six millimeters.

Dr Guyton: I’m glad to see we are all one-hundred percent agreed on this topic.
Thanks very much to the panelists.
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Questions and Answers

Strabismus update II

Presiding Physician: Robert Gordon, MD

Dr Ellis: I am told to start here with a question that says, there is a variable exotropia
(from 10-40 prism diopters of exotropia) in a 19-year-old female with nystagmus
secondary to ocular albinism with a visual acuity of 20/60, OD 20/100, minimal
refractive error, no previous surgery, how do you manage the XT and the nystagmus?
I am assuming that this person wants to know about nystagmus surgery primarily. In
this patient, I don’t know what I would get in terms of changes in acuity from the
nystagmus surgery. There is no mention of a head position in the question, so I am
assuming that the question is directed toward dampening the nystagmus with retro-
equatorial placement of perhaps four of the horizontal rectus muscles and correcting
the XT at the same time. As you know from the original figures published with this
type surgery, there was a propensity for patients to become exotropic after the surgery,
so that now I think people cut down on the amount of medial rectus recession that
they do with this type of surgery, and I think that is a reasonable thing to do. I have
never published any results in this regard. This patient could legitimately need surgery
on the basis of the exotropia alone. So, if you are going to correct the exotropia, then I
think it is not unreasonable to consider doing the equivalent of a bilateral recess resect
procedure at the same sitting. In this case, it would be a bilateral four-muscle recession,
placing both the medials and the laterals at or behind the equator. That way you
would hope to correct the XT and perhaps dampen the nystagmus to some degree at
the same time. The exact measurements may be up for grabs here, but you would put
the medial rectus back somewhere around 12 or 13 mm and the lateral rectus
somewhere around 15 to 18 mm. I hope that answers the question. I’m not sure that
is exactly what the questioner wanted to know.

Moderator: Thank you Darryl. Does someone else want to volunteer answering a
question?

Dr Kushner: The question is, how can you clinically prove the anti-elevation syn-
drome? I can interpret this question two ways. It might mean, how can I prove that
the mechanism is what has been described; and the other way might be, if you have a
given patient, how can you prove that is what they have? So, I will quickly answer
both. The way I know the mechanism is as is described is that I have seen some patients
in whom an attempt to fix it was done unilaterally and, in other words, over here this
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eye is going up and they did something to this inferior oblique and it didn’t help the
problem until you went back and did something to this inferior oblique, which was
restricted from going up. So, I am quite confident that is the mechanism. Clinically, in
a particular patient, usually, once you know what it looks like, it’s not hard to tell. If
you look at these patients carefully as you try to get them to elevate in abduction, you
can see that the abducting eye just doesn’t go up. It is restricted from elevation. And
then the contralateral eye, the eye in adduction overshoots. You can see this bulging
of the lower lid and the lid deformity that has been described. And if the patient has
previously had an anterior transposition and they have this worse Y or V pattern after
surgery than they did before, I have never seen anything else that has caused it. So I
think you can just assume that is what is going on.

Moderator: Thank you Dr. Kushner. Anyone else? Dr von Noorden, do you have a
question?

Dr von Noorden: Someone asked me, do you feel that a resection of a muscle would
work by providing an adequate tether? I understand the question fully, and my answer
to this is yes, it will work, but only for a certain limited number of days. Because you
can’t expect a paralyzed muscle that you just shortened to provide enough tether to
keep that eye permanently in an improved position. I have seen numerous cases that
were referred to me because they first did well and then the eye slowly drifted in
again, in the instance of lateral rectus paralysis, and where they were sent in for
reoperation because of that. That is why we never ever resect a lateral rectus muscle
in a complete sixth nerve. I say complete, because if it is a partial one, it is totally
different. Moreover, once you have done a recession resection and have tightened the
lateral rectus muscle a certain amount, you will find that whatever transposition pro-
cedure you want to do later on will become much more difficult. This is another reason
not to touch that muscle in a complete paralysis (the same goes for treatment of third
nerve paralysis). That is my way of thinking about it.

Moderator: Thank you. Maybe I can ask Dr Buckley to answer a question, maybe a
brief comment on what Dr von Noorden just said.

Dr Buckley: I guess the first comment is that I would certainly agree. What he is
saying is, if you have a completely dead muscle, there is no function in that muscle
whatsoever, I think you can tether the eye over. You can take enough out of it to get it
over. It is just not going to have much in the way of function. But, if you have a partial
paralysis, in other words, that muscle is still innervated, and you do a resection, I
think you get a tremendous effect in that situation.

The question I have to answer is: do Fadens work equally well in paralysis and
restriction? No. The way a Faden posterior fixation suture works is two-fold. It
does cause some mechanical limitation of the muscle sutured, but it also plays into
Herring’s and Sherrington’s laws which say that you get equal innervation to the
yoke muscle, so the yoke muscle is going to get more innervation. And even more
importantly, and I have slides that demonstrate this perfectly, Sherrington’s law
applies, and that is, as you create more innervation to move the eye, you get more
inhibition of the antagonist, and you can see the improved function of the muscles
around this effect. So, if you have a restriction, there is not going to be any im-
provement. The restriction is a restriction is a restriction, but if it is a paresis, then

noao2003-24.pmd 12/15/2003, 12:12 PM210



Questions and Answers 211

the more innervation you supply to the muscle, the further that muscle is going to
go. So, I think it works much better in paresis than it does in restriction.

Dr von Noorden: Since you mentioned my name here, let me just respond to this
quickly, concerning the term ‘Faden’. I have written many articles, anecdotes,
editorials fighting this term, which is wrong. You saw today, this morning I showed
you a Faden operation, the one done by Dieffenbach where he ties an overcorrected
eye with tape to the opposite side of the face. It is what we call a traction suture in the
English language, and we have all used those. There is no need to apply this term to
what is much more adequately and precisely called posterior fixation of a rectus muscle
or retro-equatorial myopexy, which means fixation of the muscles behind the equator,
which is what you actually do. I wish we could just eliminate this from the English
literature; that irritates me when I read it or hear it.

Moderator: Thank you very much. Perhaps we can ask Dr Jampolsky to take a question.

Dr Jampolsky: Gunter, as I said before, the mills of God grind slowly. The question I
have to answer here is: Duane syndrome type I preferred surgery. Firstly, I never use
one, two, three, four, or six, whatever. I have even forgotten them because I haven’t
used them for so long. They have no basis in fact whatsoever. Electromyography is
woefully inadequate to make a diagnosis in most cases of Duane, and I have evidence
to be published soon that the EMG change in some Duane’s is an effect, not a cause.
So, EMG out the window we go. It doesn’t really make any difference whether it is
eso or exo. It is the same animal. You have all seen, or certainly will see, if you live
long enough, patients who are eso Duane’s who become ortho Duane’s, who become
exo Duane’s without touching them. And they are very common. So you take it
individualized. But the common one, so-called type I, I guess is an eso Duane’s. Is
that right? If there are no up-shoots and down-shoots, and so forth. The usual thing,
and you still find it a lot, is to do the medial rectus of the Duane eye. There is a fund-
amental thing that one of our staff guys, Carter Collins, one of the true geniuses I have
ever known, PhD, taught us all, as in engineering, it is the balance of muscle forces. We
talked about resecting a lateral a moment ago in the face of a complete paralysis, and
what do you have on the other side? You have a live medial. What do you expect to
happen? It’s going to go over to the other side. If you don’t have a medial, you need
to resect the lateral, it’s a hell of a good operation, but I don’t know of any condition
for it or circumstances. But you have to consider the balance of forces. So, if you recess
a medial rectus in the Duane eye and expect it to go out, it won’t. It is like a chicken
sitting on a hard boiled egg. Nothing is going to happen. It isn’t going to abduct one
iota. And all you’ve done is to limit adduction. And you will correct a little bit in the
primary position. So it’s much better to recess the medial rectus in the good eye,
assuming it’s a unilateral Duane, a lot. How much is a lot? Burt Kushner, I remember,
didn’t believe it when he saw I recessed it 9 mm or so in the good eye because it was
in the good fixing eye. All the rules change. In the good fixing eye, that eye will adduct
-1 for awhile, but in time, if it’s a fixing eye, the dominant eye, it will be barely
perceptible. So when he came out to see me do one and I had a Duane, I set it up for
him. I put it back a couple of millimeters, more than 9 mm. Remember that one, Burt?
The next day it rotated fine. But you create a fixation duress in that eye. And of course
you recess the medial rectus in the Duane eye, just enough to get rid of some of the
contracture that may exist and to help balance the force in the primary position when
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the good eye’s medial rectus fixes in fixation duress. So the quick answer is, yes, you
can recess both medial rectus muscles a hell of a lot in the fixing eye and very little, 3
or 4 mm, in the Duane eye.

Moderator: Dr Guyton, do you have a question you might want to talk about?

Dr Guyton: Here is one, regarding the stare phenomenon that I noted after superior
rectus recession with inferior oblique anterior transpositions in surgery for DVD, did
I note these lid changes in patients on whom I did superior rectus recession surgery
only? The answer is, no, not the stare phenomenon. Maybe 1 or 2 mm of upper lid
retraction at most, but never the stare phenomenon, really, in just superior rectus
surgery. The inferior oblique anterior transposition clearly augments the superior
recession in producing the stare phenomenon, as much as 3 or 4 mm of the stare
phenomenon, the secondary upper lid retraction.

Dr Kushner: If I could just answer that? I published one case in which superiors were
done first, no upper lid retraction or stare phenomenon. Then the inferior obliques
were anteriorly transposed and this patient couldn’t look up, and the eyes were just
as in the picture Dave showed. So, it’s the combination.

Moderator: Dr Wright, do you have a question or two?

Dr Wright: I would like to talk about the stare phenomenon. When I was just in practice,
I recessed the superior rectus muscles 10 mm each eye and sutured them back that
far, not on a hang-back, sutured them back there, and I saw the patient after surgery
and he had real difficulty getting the eyes up, and had lid retraction. And that is all I
did. And so I advanced the superior rectus and it went away. I have created it once.

There’s another question here, can a patient develop permanent loss of stere-
opsis in adulthood, how and from intermittent exotropia? Yes. I think adults can
lose stereopsis and lose fusion. Typically, patients with traumatic unilateral cata-
racts. Back in the old days before IOLs, orthoptic papers would report that 20-30%
of them would permanently lose stereopsis. Then with IOLs, that went away. I
don’t know if the people who have been practicing for awhile remember this, but
unilateral traumatic cataracts often lost fusion, they developed strabismus, and
you really couldn’t correct them. The other situation is a long-standing strabis-
mus. In fact, I wrote a paper on true suppression in adults with acquired double
vision that goes away. And we did visual evoked potentials and documented
cortical suppression in these patients with long-standing double vision, that it just
goes away and they learn to suppress. It is difficult for an adult patient with good,
normal binocular fusion to lose that fusion, but it can happen.

Moderator: Thank you very much. That concludes this session.
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Introduction

A considerable amount of time and resources has been allocated to research in-
volving the pathophysiology, treatment and amblyopia worldwide. However, early
diagnosis of amblyopia still remains the single most important factor influencing
the outcome of treatment of amblyopic eyes.1 Early diagnosis of amblyopia, whether
it is amblyopic, strabismic, or deprivation-related, can only be appreciated by deter-
mination of the visual acuity of both eyes, or estimated by the fixation pattern.2,3

Ordinary visual acuity testing actually evaluates the minimum angle of resolu-
tion or recognition. The limit of the minimum angle of resolution is the point at
which a pair of points or lines seperated by a certain amount of gap starts appear-
ing as two instead of one. The amount of physical gap determines the threshold for
the resolvable visual acuity. Visual charts, which test resolvable acuity, present
optotypes of different sizes and determine the threshold of an eye for a certain
level of resolution. The accepted threshold for a certain level of resolution is gen-
erally accepted as a 75% correct response to optotypes that correspond with a
certain visual acuity line on that chart. The minimum angle of resolution for a
normal adult is between 30 sec/arc and 1 min/arc. In contrast, the resolvable
threshold in amblyopic eyes usually ranges between 1.5 and 20 min/arc.4

In addition to resolvable visual acuity, there are two other forms of visual acuity
with lower thresholds. The minimum visible acuity is involved solely in the detec-
tion (presence or absence) of any visible stimulus and has a threshold of 1 sec/arc
in normal adult subjects. The minimum discernible visual acuity is involved in
correct localization of a visual stimulus relative to another one and has a threshold
of 2-10 sec/arc in normal eyes.4

In adults, resolvable visual acuity is universally tested using the Snellen chart.
However, in the field of pediatric ophthalmology, the Snellen chart has a very
limited role. In particular, since the initial evaluation of visual acuity in strabismic
children is performed at a very early age, usually before the age of four years, the
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Snellen chart cannot be utilized at all. Consequently, in the determination of re-
solvable visual acuity in preschool children, several visual charts have been devel-
oped as substitutes for the Snellen chart. Allen optotypes, LEA figures, Landolt C
chart, and the HOTV chart are the most popular visual acuity testing methods in
children.1.5-7

Ideally, the charts developed to check visual acuity in small children should
have two important attributes. First of all, they should include optotypes that
children are familiar with. These figures should be interesting enough to be able
to maintain the fixation of the child long enough to be recognized, as children
under four years of age have a very limited attention span. Moreover, the figures
should be able to correctly test resolvable visual acuity.

Testing resolvable visual acuity necessitates the presence of pairs of points or
lines separated at certain distances that, in turn, determine the minimum angle of
resolution of the visual system. Therefore, any optotypes used in measuring the
resolvable visual acuity should be designed to have a configuration made up of
points or lines separated by uniform distance throughout its internal configura-
tion. In addition, to only measure the resolvable acuity and not the hyperacuity,
the optotypes must be void of any pattern-related clues. When current individual
pediatric charts are evaluated based on these two features, it can be seen that none
of them completely fulfills both criteria. Allen optotypes include figures, some of
which children are very familiar with and can recognize easily (tree, cake, horse),
that do not correctly measure the resolvable acuity because they have shape-re-
lated clues and are not made of uniform internal configuration (Fig. 1). LEA fig-
ures, which include geometric shapes such as circles, also lack uniform internal
configuration. The Landolt C and the illiterate E are excellent charts in that they
actually measure resolvable visual acuity, but the ‘C’ and ‘E’ optotypes are too
abstract in the minds of most three-year-olds and are not worth fixating at. There-
fore, these charts do not fulfill both criteria either.

Is it so hard to develop a visual acuity chart containing optotypes that incorpo-
rate the fundamental principles for measuring resolvable visual acuity and at the
same time be interesting enough for children to look at? The goal in designing the
Wright figures was to come up with better pediatric optotypes for measuring the
minimum angle of resolution/recognition (Fig. 2). The Wright figures have under-
gone three trials in order to compare their visual performances with Allen cards,
which have enjoyed worldwide recognition and popularity by pediatric ophthal-
mologists and pediatricians. The Wright cards have also been evaluated for their
value as a potential method of measuring visual acuity in children as accurately as
the Snellen chart.

Wright figures consist of five figures that are made up of black lines on a white
background with fairly consistent interlinear gaps (Fig. 2). The overall size of the
figures is 2.7 times larger than visual acuity level-adjusted Snellen letters, but still
confers the same resolution limit due to their internal configuration and gap width.
The Wright figures are copyrighted.

The study design

Phase I

The purpose of the initial phase was to compare the ability of normal children to
identify Wright figures versus Allen optotypes. More than 70 patients between two
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and six years of age were included in the first phase. These subjects were com-
pletely healthy and had no accompanying ocular problems. The patients were
asked to identify each optotype presented through an Imac PC monitor (Accom-
modata software version 1.8). Figures were presented at super-threshold at ap-
proximately 20/200, so they could easily be seen by normal children. It was inter-
esting to note that 23% of the patients were unable to identify either one or more
of the five Allen optotypes. The most commonly unrecognizable optotypes were
determined to be the ‘phone’ (28%), the ‘jeep’ (28%) and the ‘horse’. However,
only 8% of the subjects were unable to identify one or more of the Wright figures
presented. The least recognizable optotypes were the house (2%), the cow (2%),
and the chick (2%). There was a statistically significant difference in the recogni-
tion of the two different sets of optotypes, favoring the Wright figures in normal
children (p < 0.005).

The results of Phase I suggested that Allen optotypes were not uniform, regard-
ing their ease of identification by normal children, compared to Wright figures that
had more consistency in their ease of identification.

Phase II

Any visual acuity chart intended for measuring resolvable visual acuity should be
compared to the Snellen chart, which is currently the accepted gold standard for
testing this type of vision. Therefore, the purpose of the second phase was to
evaluate how well the visual acuity scores obtained through Wright figures corre-
lated with Snellen letter acuity in normal subjects. The patients investigated were
chosen from those who came in for a routine ophthalmic examination and had no
accompanying ocular problems. The patient population investigated had a higher
mean age than those investigated in Phase I due to the fact that they had to be able
to cooperate well with the Snellen letters. Therefore, patients with an age of seven
years and older were evaluated. The visual acuity was measured in random order;
either the Wright figures or the Snellen letters could be presented first.

The results obtained with Wright figures and Snellen letters had an agreement
of over 80%. The results showed that Wright figures correlated with Snellen letters
in normal subjects.

Fig. 1. Allen cards.

Fig. 2. Wright figures©.
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Phase III

The final phase of the study was designed to test how well the visual acuity
measurements obtained through the Wright figures could be compared with those
obtained through the Snellen chart and the Allen optotypes in amblyopic pediatric
subjects. The visual performance of any visual acuity chart can differ between
testing in normal and amblyopic subjects, due to how the optotypes are constructed
and how they are presented. Amblyopic eyes demonstrate abnormalities in several
other psychophysical visual tasks, such as contrast sensitivity, crowding phenom-
enon, spatial summation, and Vernier acuity.8 With a complex spectrum of abnor-
malities in visual recognition and processing functions, amblyopic eyes differ sig-
nificantly in their response to visual acuity charts when compared to normal eyes.
As such, any inherent flaw or variability in optotype construction might reveal
significantly different resolvable visual acuity performances when tested in
amblyopic eyes, even if they may be able to correlate perfectly in normal subjects.

Phase III evaluated subjects who had amblyopia and who were old enough to
cooperate with the Snellen chart. All the subjects were otherwise in normal health.
Both anisometropic and strabismic amblyopic eyes were evaluated in the study.
The results of the Phase III study revealed that the visual acuity levels obtained
with the Wright figures were not significantly different from those obtained with
the Snellen chart. Moreover, Wright cards were correctly able to identify all the
amblyopic subjects included in the study. In addition, the visual acuity levels
obtained with the Wright figures correlated very strongly with those obtained with
the Snellen chart. On the other hand, the visual acuity levels obtained with Allen
optotypes were significantly higher than those obtained with the Snellen chart.
More importantly, Allen cards falsely identified more than one-third of the
amblyopic eyes as normal. Allen optotypes also correlated strongly with the Snellen
chart; however, the correlation was not as strong as with the Wright figures.

Conclusions

Visual acuity charts intended for the preschool pediatric population have been
evolving considerably over the last five decades. The primary purpose these charts
serve is the early detection of amblyopia, so that amblyopic eyes can be treated at
the earliest possible stage in the critical period of visual development. Therefore,
it is crucial that these charts identify amblyopic eyes as accurately as possible.
Although amblyopic eyes demonstrate several other abnormalities in psychovisual
tests, they are not easy to demonstrate in children from a practical point of view.8
Consequently, testing visual acuity is the single most important tool we have for
detecting amblyopia.

The results of all the phases conducted to evaluate the value of the Wright
figures show strong evidence that these optotypes can accurately reflect visual loss
in the pediatric population. Wright figures have three important distinct character-
istics that enable their high correlativity with the Snellen chart: firstly, the figures
are constructed with uniform lines with equal angles of resolution; secondly, the
figures lack pattern-related clues and have no giveaways. In fact, at the time when
the figures were first developed, some of them had slight pattern-related clues.
However, over time, these clues have been disguised with additional lines, making
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the figures appear more homogeneous. Finally, the figures have complex internal
crowding that enables the appreciation of the crowding phenomenon present in
amblyopic eyes.

Overall, the Wright figures take into consideration the principles of minimum
angle of recognition and the crowding phenomenon, and are able to avoid over-
estimation. This is a major advantage over Allen optotypes that have been shown
to overestimate visual acuity results, not only in our three trials, but also in other
earlier studies.9,10 It is interesting to note that modified Allen optotypes with crowd-
ing bars have prevented the overestimation of visual acuity, thus supporting our
view that Allen cards are not appropriate for judging the visual performance of
amblyopic eyes.10

We believe that the Wright figures represent the most advanced form of pedi-
atric vision chart available, and represent a major step in the development of
scientifically reared optotypes to exactly measure resolvable visual acuity.
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Anisometropic amblyopia
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Introduction

Functional amblyopia is considered to be a monocular or binocular form of vision
loss, as measured by optotype (Snellen) acuity, which is reversible through treat-
ment. Functional amblyopia may be classified according to its most proximate
cause. This classification of amblyopia includes strabismic, ametropic or anisome-
tropic, form deprivation, and any combination of these findings. These terms re-
sult from the clinical examination of an individual patient who has otherwise
unexplainable, presumed nonorganic, presumed treatable, monocular or binocular
vision loss.

Form vision (sensory) deprivation amblyopia is considered to be the most dif-
ficult type of amblyopia to treat in terms of treatment effort and final visual result.
Anisometropic amblyopia is considered the easiest to treat. Anisometropic am-
blyopia is presumed to result from relative refractive differences between the two
eyes.

Treatment of amblyopia includes elimination or neutralization of the causal
factors and institution of appropriate occlusion or pharmacological therapy. Prior
studies have shown that anisometropic amblyopia can be treated successfully with
glasses alone in many cases, that the depth of amblyopia is directly related to the
degree of refractive differences between the two eyes in most cases, and that treat-
ment periods may encompass several months.1

However, the treatment of nonstrabismic anisometropic amblyopia is not uni-
form among ophthalmologists. Indeed, the diagnosis of nonstrabismic anisome-
tropic amblyopia is further complicated by the concepts of microtropia and by the
variable sensory adaptations of patients with this diagnosis.

Further, it has been shown that the depth of amblyopia development, as mea-
sured by monocular reduction in Snellen visual acuity and by reduced stereopsis,
is directly related to the degree of anisometropia present in that patient.2-4

It is generally agreed that spherical equivalent refractive errors differing be-
tween the eyes by –3.00 diopters (D), +1.50 D, or cylinder of +1.00 D to +1.50 D,
are sufficient to produce a reduction in visual acuity of the more ametropic eye.
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The American Academy of Ophthalmology Preferred Practice Pattern guide-
lines recommend observation or treatment of nonstrabismic anisometropic patients
who have a refractive difference between their two eyes of 3 D or more of spherical
myopia, 1.5 D or more of spherical hyperopia, and 1.5 D or more of astigmatic
anisometropia.5

Purposes of this study

This study was conducted in order to assess the effectiveness of treating patients
with a diagnosis of nonstrabismic hyperopic and astigmatic anisometropic amblyo-
pia with glasses alone and without (initial) regard for any of a variety of potential
underlying sensorial adaptations.

Material and methods

For the purposes of this paper, the diagnosis of anisometropic amblyopia is limited
to nonstrabismic amblyopia with spherical equivalent hyperopic or astigmatic
refractive differences between the two eyes. This study did not include patients
with myopic anisometropic refractive errors. Patients with clinical evidence of
neurological impairment, strabismus as determined by cover test (any observable
movement with cover test at distance fixation), prior ocular treatment of any type
other than inappropriate glasses, or any recognized eye disease, were excluded
from the study. Patients with hyperopia of equal to or greater than 1.50 D, or
astigmatic refractive differences of equal to or greater than 1.00 D were included
in the study. Consecutive patients with a diagnosis of refractive amblyopia with
visual acuity in the amblyopic eye of 20/40 or worse who otherwise met these
criteria were evaluated for effectiveness of treatment by glasses prescription alone.
It was not possible to assess precise fixation patterns with a visuscope at the time
of initial evaluation in all cases. Although the 4-D base-out prism test was positive
(indicative of a suppression scotoma) in many older patients who were tested, this
test could not always be performed with accuracy in younger patients and was
therefore not considered in patient selection or response criteria. Thus, patients
with presumed microtropia and varying degrees of suppression were included in
the treatment group.

Initial treatment included only glasses prescribed on the basis of cycloplegic
refraction as determined after the administration of one or more drops of 1%
cyclopentolate to each eye. Either the full cycloplegic refraction was prescribed for
both eyes, or the least ametropic eye was given a plano lens and the more ame-
tropic eye the prescription required to neutralize the spherical equivalent refrac-
tive differences between the two eyes. The full astigmatic (cylinder) correction was
prescribed for the amblyopic eye in each case.

One hundred consecutive charts of patients with a diagnosis of nonstrabismic
anisometropic amblyopia were reviewed. Follow-up of more than two visits by the
examiner was required.
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Results

Of the 100 patient charts with a diagnosis of anisometropic amblyopia reviewed,
69 met the inclusion criteria. (Thirty-one patients were returned to their referring
physician for follow-up, or had myopic spherical equivalent refractive errors.)
• patient age range: 23-131 months
• average age: 70 months
Only one of the 69 patients did not improve by at least one line Snellen acuity at
the time of the first retest. Nine of the 69 patients did not improve beyond two
lines with glasses alone at the time of the first retest.

Twenty-seven patients ultimately had additional amblyopia treatment, includ-
ing full-time occlusion (FTO), part-time occlusion (PTO), or atropine therapy (at-
ropine sulfate 1%). Additional therapy was initiated because of failure to wear
glasses or doctor or parent concerns regarding lack of further progress. Additional
therapy was offered as early as the second visit (two to four months after the first
visit) or as late as 12 months after initial treatment.

Forty-two of the 69 patients (60.8%) were treated with glasses alone and all
achieved visual acuities in the amblyopic eye of 20/30 or better. Only two of the
42 patients failed to improve beyond 20/30 with glasses alone.

Summary

Anisometropic amblyopia can be treated effectively with glasses alone in the
majority of cases. Visual acuity improved to the Snellen equivalent of 20/30 or
better in the amblyopic eye within four months on average in this series of pa-
tients.
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Round Table

Pearls for amblyopia diagnosis and treatment (Masquerade
syndrome)

Moderator: Forrest D. Ellis, MD
Panel: Edward G. Buckley, MD

David L. Guyton, MD
Marshall M. Parks, MD
Gunter K. von Noorden, MD
Kenneth W. Wright, MD

Dr. Ellis: This is a panel assembled to discuss Masquerade syndrome. I am always
personally bothered by that. I almost can’t use the word masquerade without
thinking that what it really means is that I didn’t know what it was when I looked
at it the first time and I am taking the easy way out, sort of like the enhancement
surgery that was referenced the other day. But nevertheless, that may be a smarter
way to do it for all of us. I’m not sure. But what about things that look like
amblyopia, get treated as amblyopia perhaps inappropriately. Let me give you one
example here and we will not dwell on most of them. They are not complicated.
This is a six-month-old child with esotropia of about 30 prism diopters with a
strong fixation preference for the right eye. He has a +3 refractive error in each eye
and the doctor who referred him said he was really not easy to examine, but he
thought he did an adequate exam. I will tell you what he did in a moment. I’d like
to ask the panel how they would deal with this child to start with. I know you are
going to say, “I’d do a thorough examination”. And the doctor thought he did do
a thorough examination. Dr Wright, where would you go from here? Would you
give this kid glasses, or would you patch him on the basis of this, if you thought
your exam was adequate? What would you do?

Dr. Wright: I would give him glasses and see him back and see how he did. If he
straightened out and then had alternating fixation or held fixation well with the vertical
prism test with straight eyes, then you’re done.

Dr Ellis: That is sort of what the doctor decided. He decided not to give the glasses,
though, but he did patch. There was such a strong fixation preference for the right eye
that he decided to patch the right eye. The mom called three days later and said she
was a nervous wreck, that this kid had just sat down in the middle of the floor,
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wouldn’t move, cried, screamed, hollered, isn’t there anything better? She probably
didn’t know about atropine, or she would have asked specifically for it. Mom is a
nervous wreck. Marshall, does this mean anything to you to have this sequence of
events transpire? Do you think of anything when you get a call from a parent saying
that the patching you asked me to do is just a disaster? What do you do?

Dr. Parks: You always have to think of something organic in the eye, the amblyopic
eye, and you do your best to rule that out, and presuming you can’t find anything
significant… I’m just not apt to give up on it, even though this child is a nervous
wreck and the mother doesn’t comply with the patching. I really push hard to
encourage the parent, almost try to embarrass the parent into trying further with the
occlusion – elbow restraints are the final method that I use. Some people think it is
too evil to do that. I don’t feel that way. Usually, in just a short period of time, a child
will accept the occlusion if they know that they aren’t going to win by objecting,
making a fuss about it.

Dr Ellis: Gunter?

Dr von Noorden: I completely agree with Marshall. I think one has to be resolute.
They come to you for what you as an expert can tell them. You have to be very honest
with them. There is no need to pussyfoot around this and feel sorry for everyone. You
can tell her that whether this child is going to see, or be potentially blind later in life,
depends 99% on you, and you have to realize this. The word ‘blindness’ can be used
there, if it is necessary, as a weapon to really tell these people that we are not talking
about something that should be taken lightly. I do not recall a patient in whom it was
impossible to treat. I think we have gotten around all of them, even if it took three or
four visits. It is just a matter of persuasion and a certain firmness on the part of the
physician.

Dr Guyton: You don’t have an actual measure of visual acuity in this child, and
maybe way, way down the road, when this child sits in the room and won’t even
move when the good eye is patched, you really have to think again about something
else causing the decreased vision, such as optic atrophy that was missed the first time
around. Atropine won’t work in this situation. If the vision is that different, atropine
won’t do anything. It will just blur the good eye and that will make things worse. So
patching is the only way to get him to use the bad eye, but I would look carefully
again at that optic nerve, if that is the type of behavior the mother reports.

Dr Ellis: As I presented it, this is what had transpired up until the time you are seeing
the patient. And I know you would all do another exam and you’d look carefully.
But I have actually seen this situation several times in my practice, and I will bet that
all of you have seen it too. Here are the questions that I think Marshall, Gunter, and
David really did answer, but let me just ask the rest of the panel again; to Ed, if this
child was your patient and you saw him first and had thought that he was normal,
but this sequence of events transpired, the mother is a nervous wreck, the child won’t
move essentially when he is patched, what do you do and how long would you patch
a child without any demonstrable response?
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Dr Buckley: This is the six-month-old we’re talking about? At six months it is very,
very unusual, in my practice, for the child to not do well with patching, even if the
vision is horrible. So, the fact that this kid is doing horribly, I agree with David that I
would be very concerned that there was something else I’d missed. My bet would be
something like an optic nerve hypoplasia which would make me concerned. If I did
go back and was convinced that this was amblyopia and nothing else, then I usually
do about a month’s worth of intensive patching. If I don’t get any response after a
month, then I would ease up. But in a six-month-old, you should be seeing something
happening within the first week to ten days.

Dr Kushner: I have similar thoughts to what Ed said. I’d just like to add that there
are some situations where you, of course, can expect profound amblyopia. In your
high anisometrope, the -14.00 in one eye or something like that, you can expect behavior
like that. But a six-month-old with symmetric refractive error, this severe behavior
and, in my experience, well over half the time something is organically wrong with
the eye. So I would go that extra mile. I would say that if I can’t determine it, I would
re-examine the child, and if I don’t see an APD, don’t see an optic nerve problem,
I’d look for low level vision, with respect to additional tests. I think this is something
where a visually evoked potential looking for latency in transmission can tell you if
there is an optic nerve problem. Probably no more than three or four times in my
practice have I had to do it, but I would consider giving the kid chloral hydrate or
some light sedative to be able to get a good look at the fundus, if I couldn’t. Because
I think you can really cause psychological problems by beating a dead horse if that
eye is not going to be able to improve and you patch too long.

Audience: Would you scan the child?

Dr Kushner: My threshold for scan is higher than many people. I think that perhaps
ultimately before I gave up, I might. I don’t think I would go to that first. We have
very good electrophysiology and that would probably be my first step.

Dr Ellis: In this case, and I have seen this happen several times, and I know all the
panel members have too. This is a pretty bizarre response, actually. If the kid just sits
down in the middle of the floor and won’t move, and this goes on for two or three
days, mom has a right, actually, to be a nervous wreck, I think, and you have a right to
question the diagnosis, and you have to say, “Come back and let me take another
look or get another opinion”, or whatever. This doctor chose to get another opinion. I
have the slide in the carousel back there, but I decided to go with the computer here
instead. This child had very severe optic nerve hypoplasia in the left eye. There just
really wasn’t any optic nerve there, but the area of the optic nerve was, more or less,
yes it was pale, but it was more or less the same size as the optic nerve in the other
eye. Because of the esotropia and because of the child’s behavioral capabilities, the
doctor just hadn’t gotten a good look at it. He admitted he didn’t get a good look,
but he didn’t really connect the two problems. So, I think really profound, bizarre
behavior when patched really does call for re-evaluation of the whole situation. It
doesn’t hurt to take another look. Does anyone in the panel have anything to add?

Dr Buckley: If you have optic nerve hypoplasia and strabismus, it’s hard to tell by
looking at the nerve how it’s going to function. Would that dissuade you from pus-
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hing on with doing some more patching now that you are probably not going to get to
20/20, but maybe count fingers to 20/200 or 20/100 situation?

Dr Ellis: Ken, would you patch in the face of this behavior and this optic nerve
hypoplasia?

Dr Wright: I really hate this, but I have to agree with Burt. This is the one situation
where the visual evoked potential helps you. An APD, afferent pupillary defect, does
not help you; it’s a peripheral mass response, but the visual evoked potential, even to
a bright light, and not a pattern, comes 90% from the fovea and macula. So if your
visual evoked potential here (it just has to be a flash VEP) is very delayed or the
amplitudes are very low, then I would not patch. If on the other hand I got a nice flash
VEP tracing, then I would go ahead and patch. But if the nerve is really small and the
kid has no behavior at all, then it is unlikely that you are going to get anywhere. It is
rare that you need to do it, but this is one situation where you might want to get a VEP
to help dictate whether you should continue patching.

Dr Ellis: In the interest of time, I’ll just say that I wouldn’t do anything else. I would
just say this is a lost cause, I quit on this one. Here is another real case. A six-and-a-
half-year-old child with a diagnosis of amblyopia by his ophthalmologist. His eyes
were aligned. Neither the referring ophthalmologist nor I really thought he had an
afferent defect. His acuity was a little down in each eye, 20/40, 20/60. He was a +4.00
in both eyes, and color plates were reduced a bit in each eye. Marshall, does this
bother you? Do you do color plates on every male child, six-and-a-half-years-old,
first of all, and does it mean anything if they are down?

Dr Parks: I do color plates on every male, and I try to get the residents and fellows to
do the same, and I am disappointed that unless you’re watching them they usually
don’t do it. This relates to this particular case that you just presented.

Dr Ellis: Gunter, do you do color plates? Do you think they are helpful?

Dr von Noorden: In a situation like that I would definitely do a color test, because we
know that congenital achromatopsia can give you a picture of bilaterally reduced
vision. Another thing I would also do is to check the vision with both eyes open.
Because sometimes you can have a latent nystagmus of such fine quality and such
low amplitude and high frequency that you cannot see it unless you look at the patient
with the slit lamp or the direct ophthalmoscope. In that case, you will get an
unexplained decrease of vision when you test the visual acuity with the other eye
occluded, but you will get normal acuity with both eyes open. In a situation like this,
I would immediately do that test plus a color test.

Dr Guyton: I’d certainly add to that dynamic retinoscopy and expect that the child
would not be accommodating well, probably in neither eye. That would give me my
first clue as to how I would treat this, by going ahead and giving the full plus, and
maybe even give a bifocal add to the more amblyopic eye, while starting atropine
penalization. But let me back up. I’d probably give a trial with glasses alone first,
because I wouldn’t want atropine to penalize an eye that is really not very good to
start with.
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Dr Ellis: Here are the questions that I think have already been answered. These are
options, would this worry you or not? This particular kid had very subtle changes in
each macula, but he had an uncle with a history of unexplained visual loss in childhood.
His uncle happened to be a football coach in Ohio and he was only free on Sundays.
Ohio is as bad as Pennsylvania, I think, in their football endeavors. We finally got him
in on a Sunday. The child’s maculae were peculiar, but we really couldn’t explain it.
He had a few macro-aneurysms in each macula. I had read something about a similar
type problem, sending the photographs to Don Gass. We all got excited that this was
another case of a rare thing, but one Sunday I got the uncle in and it turned out that
the child had X-linked retinoschisis with just very minimal macular changes and no
peripheral changes. The point I wanted to illustrate with this is that here is a kid with
vision down in each eye, nothing is just intuitively obvious when you look in the eye,
but there are some clues. If you don’t do color plates, you are going to miss some of
these clues. His visual field tests, which I don’t have on the computer either, were
really relatively normal, with only just a hint of a problem. It is unusual to have that,
I know, but this is what he had.

A six-year-old child with acuity down in each eye, but a +7.00 in each eye. Let
me start with David Guyton because he suggested that we might talk about a case
such as this. How do you treat the high hyperopic perhaps bilaterally amblyopic
patient, David?

Dr Guyton: These children typically don’t accommodate well and they may be
perfectly straight, as this child probably is. One reason they may not accommodate
well is that they would go esotropic if they did, and they would rather see blurred
than see double. Another reason they may not accommodate well is that there may be
some primary problem with the accommodative mechanism. We raised some baby
monkeys in total darkness about ten years ago and found that if they didn’t have
anything to accommodate on, they retained the hyperopia they were born with. So, it
may be that these children with high hyperopia have some problem with the
accommodative mechanism to start with, and this is why they are hyperopic rather
than the other way around. We give essentially full plus. I have seen too many times
patients with this amount of hyperopia coming in with glasses of +2.50 or +3.00, still
amblyopic bilaterally, still not accommodating. You really have to give essentially
the full plus in these children. You usually bring them back in and do dynamic
retinoscopy on them. By that time, they will usually accommodate the remaining
amount to see up close. But they really can’t handle this whole amount that they
have to start with.

Dr Ellis: Ed, how do you treat a bilateral hyperopic amblyope?

Dr Buckley: I think perhaps the key here is that the vision is down and it is a very
significant hyperopic refraction error, and I would do the same thing as David. I would
give this kid the full plus at this stage of the game. I don’t think I would go to a
bifocal right away, unless they came back with vision down. I think these folks are
probably hypoaccommodators and they are getting into trouble that way.

Dr Kushner: I would also give the full or very close to the full plus. One thing that
happens if you cut the plus in these patients a couple of diopters is that they start
accommodating and they go esotropic. I have seen that on more than one occasion.
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Dr von Noorden: Is the patient corrected or not corrected?

Dr Ellis: No, he comes in uncorrected.

Dr von Noorden: He has never been corrected and has never turned esotropic?

Dr Ellis: And his eyes have never deviated.

Dr. von Noorden: The question is why not. A number of years ago, Cindy Avilla,
who is sitting back there, and I studied such patients. We had a group of about nine or
eleven patients with similar degrees of hypermetropia who had never been or were
esotropic by the time we saw them, they had a mild amblyopia, and we measured the
ACA ratio, and it was completely flat. They did not have an ACA ratio, and that is
why they were not esotropic. They did not have an accommodative convergence
mechanism. They have to be treated often with…

Dr Ellis: Is that because they didn’t try to accommodate?

Dr von Noorden: If they were too lazy or it was too much effort for them.

Dr Ellis: What if this child, after wearing the prescription, came back three months
later, vision had improved to 20/40 in the right eye and 20/20 in the other eye, and he
still has a difference in acuity between the two eyes? What then, Burton?

Dr Kushner: I’d wait a little longer, because the other eye may catch up, but it often
doesn’t, and if it doesn’t then you need to patch, or I suppose nowadays it is atropine.
However, these patients are very prone to getting an occlusion amblyopia, because
they were amblyopic to start with. So you have to be very close in your monitoring of
them. But ultimately, they can usually come up to equal vision in both eyes.

Dr Ellis: There are very strict time constraints. I am told that we must stop. I thank the
panel very much.
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Questions and Answers

Amblyopia update

Presiding Physician:  M. Tere Vives, MD

Dr Ellis: What is the end point for atropine penalization?

Dr Buckley: Probably David could answer this as well or better than I could. Ba-
sically, the big issue is how do you wean a patient off cycloplegics, and basically it
is to cut the dose, so if you are doing once a day, you could cut it down to once or
twice a week, and then every other week, or you can change the length that the
cycloplegia is going to stay in effect. So, if you were using atropine, you could
switch to cyclogyl when for half a day you would get a sort of blur situation, and
use that periodically throughout the week. But you could wean it down the same
way you wean down patching.

Dr Wright: Ed, what would happen if you just gave them their glasses, because I
agree with Darryl. I presented my data on spontaneous improvement yesterday,
just giving them their glasses for anisometropic amblyopia. You didn’t have a
group where you just gave them their glasses, did you?

Dr Buckley: Everyone had their full prescription before they started the study.

Dr Wright: How long were they wearing it?

Dr Buckley: Four weeks.

Dr Wright: Four weeks isn’t long enough. It takes usually three to four months.

Dr Buckley: Everyone was in the same group, so the patching and the atropine
were treated exactly the same, so that’s a wash.

Dr Ellis: Here is a question for Dr Guyton. For more severe amblyopia (vision
worse than 20/100 by the author’s definition), is there any additional optical treat-
ment in addition to atropine and a plano lens for the sound eye? That is, is a myopic
lens or a contact lens for the sound eye a viable option?
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Dr Guyton: You can try additional optical blur. I have never really had much
success with that. Besides just leaving out the hyperopic correction for the good eye,
I will go to actual patching on top of the atropine, and that finally kicks them over
into getting used to using the other eye. That has worked when I cannot get them
to switch fixation any other way. I have never added minus. All they do then is look
around the glasses.

Dr Ellis: Here is a question for me, saying that Leon Paul at The National Eye
Institute, I think, published that anisometropic amblyopia patients could be treated
with glasses alone if there was Worth four dot fusion at distance. I disregarded all
that kind of data in the particular group of patients I presented. I just chose to
ignore it. My thinking was that I am probably including cases of microtropia; I’m
probably including cases where stereopsis is not normal. I didn’t give you some of
the data, but visual acuity ranged from 20/40 to 20/200 in this group, and those
that improved and didn’t improve seemed to be more or less the same. So I don’t
know the answer to this because I didn’t really do it or use it in patient selection.
Are there other questions?

Dr Guyton: Could I address the question asked of me earlier that I didn’t have
time to answer? Someone asked me, of the seven of some twenty-four patients who
did not accept satin tape occlusion for this dragged fovea binocular diplopia syn-
drome, what could I do for these patients? Usually these are the patients that had
a milder aspect of it, a smaller amount of double vision. They weren’t as bothered
by it. They were more bothered by the glare coming through the tape than they
were of the double vision. So they toughed it out and stuck with the double vision.
I have no better solution for them.
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Childhood blepharoptosis: diagnostic evaluation of the patient

Forrest D. Ellis

Zionsville, IN, USA

Introduction

Blepharoptosis refers to drooping of an eyelid, and is commonly referred to as
ptosis. While either upper or lower lids or other body parts may be ptotic, this
paper only deals with ptosis of the upper eyelids. Ptosis is a common finding in
children, although the true incidence is unknown. Ptosis may be unilateral or
bilateral. Unilateral cases occur with a frequency of about 3:1 compared to bilateral
cases. Ptosis of a significant degree can interfere with visual development, can
produce or is associated with refractive errors, and often is associated with genetic
or syndromic conditions (Fig. 1).1

Infants and young children necessarily have an incomplete diagnostic profile. It
is prudent to view any young child with ptosis as an unknown with regard to a
more inclusive diagnosis perhaps yet to be established. Unfortunately, for diagnos-
tic purposes, ptosis in children is so non-specific that its presence is not of much
help in terms of isolating or refining a systemic diagnosis. Since the only effective
treatment for all stable forms of childhood ptosis is surgical, and since surgery can
only be performed if a young child receives general anesthesia, it is important to
attempt to define the child’s overall condition prior to undertaking surgical cor-
rection of his ptosis.

History

The immediate family should be questioned regarding the presence or absence of
ptosis in other family members. Any history of unusual medical or surgical disor-
ders in the family should be reviewed for relevance. Adverse anesthetic experi-
ences by any family member should be discussed in detail, and the medical records
pertaining to those events should be reviewed.

The family of a child with ptosis will usually relate that the child has had a
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Fig. 1. Congenital blepharoptosis.

drooping eyelid since birth, or they can describe precisely when ptosis was first
noted. Family photograph albums can augment family descriptions.

Family members will often describe the degree of ptosis as worse in the evening
or with fatigue. The examiner usually can disregard descriptions of minor varia-
tions in lid height described by the family, but descriptions suggesting that ptosis
is not observable or markedly better at certain times or is markedly worse at other times
are extremely important and suggest myasthenia gravis. Congenital ptosis gener-
ally varies little over time. Ptosis that does become progressively and steadily
worse over time suggests the possibility of a mitochondrial disorder such as Kearns-
Sayre or related syndromes. It is unusual for a family to note or describe brow
elevation or to understand its significance until the examiner points it out. Also,
it is unusual for the family to volunteer information relative to differences in eye
size or to variations in orbital shape, although they may have noted such condi-
tions.

Clinical examination

A relevant but thorough ophthalmological examination should be carried out in all
cases.

Visual acuity must be assessed via the most appropriate manner relative to the
child’s age and development. Ptosis has been shown to cause amblyopia, although
this is relatively uncommon and the mechanism is not always clear.2-4 Myopia and
myopic anisometropia are more common in the ptotic than in the fellow eye.5
Amblyopia is thought to occur in most cases because of anisometropia rather than
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occlusion. Early surgical intervention does not necessarily alleviate or prevent this
type of amblyopia development.6 Surgical intervention is rarely indicated for pre-
venting amblyopia. The visual axis of the eye with ptosis usually is not occluded
in downgaze because of lid lag of the affected eye. Amblyopia, if present, must be
treated as a separate but important part of the patient’s problem. A child with
ptosis, regardless of surgical intervention, must be followed for potential amblyo-
pia until no longer in the age group where this development is likely.

An examiner must observe the patient’s lid position throughout the examina-
tion. Facies, brows, orbital size and shape, corneal sensitivity, pupil size, iris color,
and tear film should be observed.

Pseudoptosis

Lid retraction or relative proptosis of one eye may produce the appearance of
ptosis in the fellow eye. Lid retraction has a variety of causes and requires expla-
nation. Thyroid studies followed, if negative, by neuroimaging, have been recom-
mended when lid retraction is present.7 If neuroblastoma is present, a spot test or
24-hour urine test for catecholamine levels will be likely to be positive if the lid
elevation is due to elevated levels of circulating catecholamines. Elevation defi-
ciency or inferior restriction of the ptotic eye may be associated with pseudoptosis.
Pseudoptosis will disappear when the patient is asked to fixate a distance target
with the involved eye.

Lid height should be observed, measured, and recorded with the patient look-
ing in level gaze at a distance target with each eye in turn. Proptosis of the non-
ptotic eye or microphthalmos of the eye in which ptosis appears to exist may
mislead the casual examiner. An exophthalmometer should be used when appro-
priate.

At this point in the examination, the presence or absence of a Bell phenomenon
should be noted. The patient should be asked to attempt to close each eye in turn,
while the examiner holds the lids apart. The eye will elevate under these condi-
tions in most cases unless an inferior restriction or a neurological deficit is present.
The Bell phenomenon may not be demonstrable in some normal eyes. Most eyes
with a monocular elevation deficiency will have a demonstrable Bell phenomenon
unless an inferior restriction is present. An eye that does not elevate under these
conditions will be at risk for corneal exposure problems if brow suspension or
large levator resection is performed.

Classification of ptosis

Many methods have been devised for the classification, surgical correction, and
better understanding of childhood ptosis. The primary reason for the classification
of ptosis is to provide a better foundation for treatment. That is, patients with
similar types of ptosis can be treated with greater assurance that the surgical
response will be predictable.8

Perhaps the simplest but least useful classification of childhood ptosis is that of:
A. congenital; B. acquired.

This classification effectively has been abandoned since it offers little or no
useful treatment information. It is included here simply to serve as a reminder that
congenital ptosis will require a greater amount of surgery (mm of levator resection
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or degree of frontalis suspension) in order to achieve the desired postoperative
result than will acquired ptosis or adult ptosis. This is an important concept to be
borne in mind. Acquired or adult ptosis cannot be satisfactorily corrected by using
numbers of mm of levator resection obtained from congenital ptosis tables without
risking overcorrection and the complications that follow.

A more informative, and therefore more useful, scheme is that of classification
of ptosis into four categories:9

A. mechanical
B. myogenic,
C. neurogenic.
D. aponeurotic

This scheme reasonably divides ptosis into categories in which surgical treat-
ment is more or less predictable. However, not all known causes of ptosis fit into
any one scheme. Trauma, either prenatal or postnatal, can produce ptosis that
becomes classifiable into any one of these categories. For example, an aneurysm or
a blow to the head may cause oculomotor nerve (third nerve) palsy with subse-
quent aberrant regeneration resulting in ptosis which is then characterized as ‘neu-
rogenic’ in origin. Levator dehiscence may occur as a result of direct trauma to the
orbit thus producing ‘aponeurotic’ ptosis. Scar tissue from a lid injury can pro-
duce ‘mechanical’ ptosis or ‘myogenic’ ptosis, depending on the degree of injury.

Mechanical ptosis

This a common form of ptosis encountered by pediatric ophthalmologists and
oculoplastic surgeons. It is caused by extra weight in the lid or by orbital mass
lesions. The most commonly encountered conditions are those of chalazia, heman-
giomata and neurofibromata. Foreign bodies, contact lenses, and even conjunctivi-
tis, such as vernal catarrh, can produce the appearance of childhood ptosis. These
conditions are treated according to the demands of the underlying problem before
ptosis surgery is considered. Both the ptosis and the underlying condition are
sometimes treated with one surgical effort, such as when a plexiform neuroma or
hemangioma is responsible for ptosis. Levator function is generally fair to good
with mechanical ptosis, and lid excursion is limited by the mass lesion. If the
levator muscle has been disinserted or replaced by aberrant tissue, this may not be
true and the lid crease may be high or nonexistent.

The ptotic lid position is generally symmetrical with the fellow lid in downgaze,
but is increasingly ptotic in upgaze. Family history is generally negative for similar
conditions.

Specific types of mechanical ptosis

Since any lid mass can produce ptosis, only two conditions will be illustrated.

Hemangioma
Lid hemangiomas are hamartomas and consist of a mixture of capillary and cav-
ernous components. Lid hemangiomas are not usually present at birth, but de-
velop within the first few months of life. Growth may continue for six to 24 months,
after which time involution of the lesion occurs spontaneously. Such a lesion can
produce mechanical ptosis, astigmatism, and amblyopia. Because the maximum
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size an individual lesion may obtain cannot be predicted during the growth phase
and because lesions can interfere with visual development, intervention sometimes
is warranted. Treatment options include corticosteroid injections, topical cortico-
steroid creams, and surgical excision. All treatment methods have potentially se-
rious side effects or complications that must be discussed with the family (Fig. 2).

Neurofibroma
Plexiform neuromas commonly occur in the upper lids usually as a manifestation
of neurofibromatosis type I (NFI). Any such presentation requires that the patient
be examined for other signs and symptoms of NFI. Complete removal of the lid
lesions may not be possible and more than one surgical procedure often is re-
quired. Local tissue hypertrophy, displacement of the lacrimal gland, and an S-
shaped deformity of the upper lid are common (Fig. 3).

Myogenic ptosis

This is the most common type of childhood ptosis and is said to comprise at least
50% of all childhood ptosis.8 This form of childhood ptosis is characterized by
stability over time, poor levator function, and by apparent improvement in the
degree of ptosis in downgaze due to fibrosis and shortening of the levator apo-
neurotic complex. Levator function is reduced to a variable degree and may be
nonexistent, but is usually related to the size and number of striated muscle fibers
in the levator muscle. Biopsy of the levator aponeurosis complex in severe cases
usually shows partial or complete replacement of normal tissues with dystrophic
tissues consisting of fibrous tissue and fat. In other cases, however, with levator
function of greater than 4 mm, biopsy findings may be relatively normal as far as
muscle fiber size and distribution are concerned.10 Dystrophic changes in the lids
are not related to other forms of muscular dystrophy.

Fig. 2. Hemangioma, superonasal orbit and lid.
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The patient may utilize brow elevation for lid opening, particularly if the con-
dition is bilateral. A chin-up head position might be apparent. The ptotic lid will
be ‘short’ in downgaze (elevated with respect to the fellow lid) and lagophthal-
mos will be demonstrable.

Surgical dissection of the lid may be difficult because of the absence of identi-
fiable tissue layers. Family history is occasionally positive for this condition.
The subtypes of myogenic ptosis are:

Blepharophimosis syndrome
Blepharophimosis syndrome is also known as tetrad syndrome (ptosis, blepharo-
phimosis, epicanthus inversus and telecanthus or as the congenital eyelid syn-
drome). ‘No-name’ syndrome has also been applied to this congenital condition.
This type of ptosis comprises about 5% of all childhood ptosis. Lid folds are char-
acteristically absent. Brow elevation is utilized for lid opening. Insertion of the
orbital septum is low and may extend well down onto the aponeurosis below the
upper border of the tarsal plate (Fig. 4). Family history may be positive.

Fibrosis of the extraocular muscles syndrome
One or more of the extraocular muscles is fibrotic. The inferior muscles are usually
more involved, with the inferior rectus being the most commonly involved. An
affected patient will adopt a chin-up head position. Efforts to elevate the eyes will
not be effective and will result in apparent convergence spasm that will serve to
differentiate this condition from mitochondrial myopathies (Figs. 5 and 6). Ptosis
surgery is frequently delayed until extraocular muscle surgery has best positioned
the globe. Cases have been reported where repositioning the globe obviated the
need to perform lid surgery. Choice of procedure is critical because of the absence
of the Bell phenomenon. In most cases, the Bell phenomenon improves to a degree
after release of the inferior restrictions. Corneal exposure problems do occur post-

Fig. 3. Plexiform neuroma, right upper lid.
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operatively, but seem to be prevented in most cases by careful preoperative atten-
tion and by the postoperative use of lubricants, and, occasionally, by nocturnal
occlusion via creation of a moist chamber. Family history frequently is positive.

Orbital fibrosis syndrome
All the extraocular muscles can be involved by fibrosis, including the levator muscle.
Enophthalmos can be striking in this rare condition. The globe cannot be moved

Fig. 4. Blepharophimosis syndrome.

Fig. 5. Fibrosis of the extraocular muscles, usual eye position.
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with forceps. Significant improvement through surgical intervention is not likely.
The cause is unknown. Familial cases have been reported.

Neurogenic ptosis

This form of ptosis is not as common as the myogenic and mechanical types of
ptosis. The underlying neurological defect generally remains stable over time, al-
though the degree of ptosis may vary widely depending on the child’s gaze po-
sition or on diagnostic testing. Associated neurological signs usually are present.
Family history is negative in most cases.
Specific types of neurogenic ptosis are:

Myasthenia gravis
Myasthenia gravis occurs in at least three forms in children. Congenital myasthe-
nia is present at birth and represents a heterogenous group of disorders that do not
always respond to standard treatment regimens.11 Defects occur at the myoneural
junctions that alter responses to acetylcholine or that alter the number and effec-
tiveness of acetylcholine receptors.12 Since apnea, bulbar signs, and pneumonia
may be present, this is a serious disorder that can end in death. Strabismus is
common. Immunological blockade is not thought to be responsible for this condi-
tion, but rather one or more genetic defects occur in the components of neuromus-
cular transmission at the myoneural junction (Fig. 7).

Both autosomal dominant (AD) and autosomal recessive (AR) patterns have
been identified, although the usual pattern is AD.13

Transient neonatal myasthenia gravis is seen in infants born to mothers affected
by myasthenia gravis. It is said to occur in 10-20% of offspring of myasthenic
mothers. This form of myasthenia is due to the neonatal circulation of transplacen-

Fig. 6. Fibrosis of the extraocular muscles, attempted upgaze.
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tal maternal antibodies. Bilateral ptosis is usual, but may be accompanied by other
ocular and systemic signs of myasthenia gravis. The condition resolves spontane-
ously in the first three months of life, but can require intensive treatment.14

Childhood, acquired, or juvenile myasthenia are thought to be secondary to
immunological blockade at the myoneural junction. Diagnosis is made via one or
more of the following tests: rest, ice pack applied to the orbits for a specified
period of time (usually two to five minutes), diagnostic medications, electromyo-
graphy, acetylcholine receptor (AchR) antibodies or, occasionally, a therapeutic
trial of medication. Medications for office diagnosis include neostigmine
methylsulfate administered intramuscularly in a dose of 0.04 mg/kg, not to exceed
1.5 mg total dose. When neostigmine is used, a response is assessed via observa-
tion and photographs 30-45 minutes after the injection. Edrophonium (Tensilon®)
can be administered intravenously. Dosage is 0.15 mg/kg total (max adult dose 10
mg) with 10-20% of the dose being given initially. This initial dose of edrophonium
produces a response in most myasthenic patients, but if no response is observed
after one minute, 50% of the remainder is given, followed by the rest of the original
dose after a further minute. Edrophonium response is transient and effects typi-
cally disappear in less than five minutes. Atropine, 0.4 mgm for intravenous use,
should always be immediately available as an antidote when these tests are per-
formed.

When only the eyes are involved in the myasthenic process clinically, AchR
antibody determination is not likely to be helpful, and was positive in only four
of 14 patients with proven ocular myasthenia gravis that were studied.15

Treatment options for childhood myasthenia gravis include rest, pyridostigmine
(Mestinon®), oral corticosteroids, other immunosuppressive drugs such as Imuran®,
plasmapheresis, and thymectomy if an adenoma is identified. Many patients with
ocular myasthenia do require ptosis surgery as well as extraocular muscle surgery.

Fig. 7. Congenital myasthenia gravis.
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Prolonged inaction at the myoneural junction presumably leads to permanent al-
terations in contractility of the levator muscle or of one or more of the extraocular
muscles. However, surgery should be postponed until the patient’s systemic sta-
tus is stable and until treatment regimens have been optimized over time.

Aberrant innervations

Double elevator palsy and monocular elevation deficiency

Double elevator palsy (DEP) is also known as monocular elevation deficiency
(MED), although some confusion exists regarding these terms.16-18 This condition
consists, in varying degrees, of hypotropia, inability to elevate the hypotropic eye,
ipsilateral ptosis, and little or no evidence of inferior restriction. Fixation with the
involved eye (if hypotropic) produces a hyperdeviation of the fellow eye, due to
Hering’s law of equal bilateral innervation for yoke muscles. This can be a diffi-
cult concept for some parents to grasp when they have already become convinced
that the hyperdeviating eye is the abnormal eye.

An anatomical site for limited and selective involvement of the superior rectus
muscle and the ipsilateral inferior oblique muscle (the double elevators) has not
been precisely demonstrated, but is believed to be supranuclear.

The Bell phenomenon is often demonstrable, suggesting a central origin for the
condition in those cases.

Some authors distinguish between DEP and MED as follows:
DEP : hypotropia in primary position and no demonstrable Bell phenomenon.
MED: no hypotropia in primary position and Bell phenomenon is present.19

Treatment consists of repositioning the globe, if required by globe and head
position, with extraocular muscle surgery (full tendon transfer of horizontal rectus
muscles to the area of the superior rectus) and subsequent eyelid surgery if needed.

Marcus Gunn jaw-winking phenomenon

This phenomenon is startling to parents and is usually brought to the attention of
the ophthalmologist early in the baby’s life. It is a unilateral condition character-
ized by elevation of the ptotic lid when the jaw is moved to the opposite side.
Synkinesis occurs prenatally for unknown reasons and results in innervation of the
lid by the motor nerve to the external pterygoid muscles (motor root of the fifth
cranial nerve). The examiner can best estimate the presence or absence of co-
existing ‘ normal’  innervation by asking the older child to move the jaw to the
ipsilateral side. This will produce maximum ptosis and true levator function (third
nerve innervation) can be assessed with the jaw in this position. Usually very little
true levator function can be identified with the jaw in this position and brow
elevation controlled.

Many patients learn to control the lid opening by maintaining the most effective
jaw position. However, they cannot exercise control while eating, and meals can be
embarrassing for the older child. I have never seen Marcus Gunn jaw-winking
disappear with age, but have seen several older adult patients who have chosen to
live with this phenomenon and who can control it to a degree.
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If treatment is undertaken, the relative importance of wink versus ptosis has to
be addressed. It is difficult to completely eradicate the wink even with large leva-
tor aponeurosis excision. A relatively minor wink associated with significant ptosis
in the primary position can be treated with levator resection and reattachment. The
wink will persist, but the resting lid position can be improved. Other treatment
options include disinsertion and resection of the affected levator muscle with fron-
talis suspension either unilaterally or bilaterally (Figs. 8 and 9).

Fig. 8. Marcus Gunn jaw-wink A, mouth closed, attempted upgaze.

Fig. 9. Marcus Gunn jaw-wink B, jaw moved to left.
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Oculomotor nerve palsy

Congenital third nerve palsy may be complete or partial and often is associated
with aberrant regeneration. The congenital form of oculomotor nerve palsy is not
thought to be often associated with more extensive neurological disease, but care-
ful investigation has shown that this may not be true. In one series of 14 patients
with this diagnosis, ten were found to have imaging evidence of ipsilateral brain
stem disease.20 Often the pupil is miotic with congenital third nerve palsy (pre-
sumably due to aberrant innervation), and this finding alone should not confound
the examiner. Large pupils typical of third nerve palsy have been reported in
infants, only to become miotic later in some patients.

Acquired third nerve palsy is likely to be accompanied by aberrant regenera-
tion, and tumor, aneurysm, or trauma are the usual causes. Diabetic third nerve
palsy does not result in aberrant regeneration.

When a patient with aberrant regeneration of the third nerve has exotropia and
ptosis of that eye in and around primary position, but an improved lid position on
gaze to the contralateral side (because of the aberrant regeneration), recess-resect
extraocular muscle surgery of the contralateral eye appropriate for the size of the
exodeviation can result in correction of the ptosis of the involved eye in primary
position, as well as correction of the angle of strabismus.21

Cyclic third nerve palsy

Cyclic third nerve palsy is a peculiar condition characterized by a complete third
nerve palsy that cycles into completely normal-appearing third nerve function.
The episodic changes occur every two or three minutes whether the patient is
awake or asleep. The etiology is unknown and imaging studies have been normal
in most patients so studied, but peripheral lesions have been found in others.22

Horner syndrome

Any history of trauma to the head, face or neck, including surgical trauma, is
important in assessing the possible etiology of Horner syndrome. Tumors, espe-
cially neuroblastoma, can involve the sympathetic chain anywhere along its route.
Leukemia, lymphoma and aneurysm have been known to cause Horner syndrome.
Congenital Horner syndrome results when disruption of the sympathetic nerve
supply to the head and neck produces ipsilateral ptosis of a mild degree, miosis,
anhydrosis and apparent enophthalmos (due to ptosis of the upper lid and eleva-
tion (‘ reverse ptosis’ ) of the lower lid. A Horner-producing lesion may occur
anywhere in the sympathetic chain from the hypothalamus through the ciliospinal
center of Budge to the superior cervical ganglion and on to the sympathetic recep-
tors. Typical ocular findings are those of ptosis and miosis with anhydrosis being
less constant and more difficult to demonstrate. If the condition is congenital or
occurs early in life, the iris of the affected eye will be more ‘ blue’  than that of the
fellow eye. This difference in color may not be detected early, but will be apparent
by age two years. Heterochromia merely indicates that the lesion occurred early in
life and does not suggest etiology. This may not be an infallible sign since hetero-
chromia has been reported in at least one acquired case of Horner syndrome.23

Physiological anisocoria is not uncommon, is variable, and has been estimated to
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occur (up 0.4 mm difference in pupil size) in up to 41% of individuals and (up to
0.2 mm) in 80% of individuals under different lighting conditions.24 Thus, it is
important to differentiate physiological anisocoria from that seen in Horner syn-
drome.

The light/dark test is the easiest to accomplish. With physiological anisocoria,
the relative differences between the two pupils remain about the same in light and
dark conditions. In Horner syndrome, the normal pupil will dilate faster and to a
greater degree than the Horner pupil in the dark, thus accentuating the size dif-
ference.

Cocaine topical ophthalmic drops, usually 4% for children, can be useful since
cocaine does not dilate a Horner pupil. Cocaine is applied topically to each eye
and is repeated after ten minutes if no dilation of either pupil is observed. After
30 minutes pupil sizes are reassessed. Pre-test and post-test photographs are al-
ways desirable for future reference.

Hydroxyamphetamine 1% will not dilate a postganglionic (third neuron) Horner
pupil, but will dilate a central Horner one (first or second neuron). This test should
be used on a day other than the day of the cocaine test, and is not useful unless
the cocaine test has been positive for Horner syndrome. Phenylephrine (Paredrine®)
1% will dilate a sympathetically denervated pupil, sometimes to a greater degree
than the normal pupil (hypersensitivity).

If the diagnosis of Horner syndrome is unassociated with other ocular signs
such as orbital ecchymoses, proptosis, opsoclonus, other brainstem signs, or mass
lesions, it is not likely that a more serious condition exists. However, neuroimaging
is indicated if doubt exists and should include head, neck, thorax, and abdomen.
Eighty of 405 (20%) patients with proven neuroblastoma treated at the Hospital for
Sick Children in Toronto developed ocular involvement, but only nine (2.2%) pre-
sented with isolated unilateral Horner syndrome.25

Preoperatively, a Horner patient should have phenylephrine, 2.5%, instilled in
the cul-de-sac and the lid response assessed. The better the response, the more
likely a Mueller muscle resection will be effective as a treatment option (Figs. 10
and 11).

Duane syndrome

Duane’s co-contraction syndrome occasionally produces significant pseudoptosis in
the primary position of gaze, due to simultaneous contraction of the ipsilateral
horizontal rectus muscles with resultant apparent enophthalmos. Effective treat-
ment consists of recession of both horizontal rectus muscles rather than lid sur-
gery. The recession may be performed asymmetrically, depending on the presence
or absence of strabismus in the primary position.

Aponeurotic ptosis

This form of ptosis is produced when separation of the levator aponeurosis occurs,
from its usual insertion into the anterior surface of the tarsus and skin of the upper
lid. This condition does exist in children and may occur after lid swelling, but is
much more common in adults or in the elderly. Birth trauma may be responsible
for some cases and childhood trauma for others. Levator function is fair to good
and the lid crease is present but is ‘ high’  relative to the fellow lid.
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Fig. 10. Horner syndrome right, A, light.

Fig. 11. Horner syndrome right, B, dark.
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Treatment consists of replacing the aponeurosis to the anatomically correct po-
sition. Family history is negative.

Presurgical evaluation of the uncomplicated myogenic ptosis patient

After etiology has been determined to the best degree possible and underlying
conditions have been noted or treated appropriately, a surgical decision can be
made. The patient’ s general health and development and the family’ s philosophy
often influence surgical timing.

Any family history suggestive of malignant hyperthermia should be thoroughly
investigated. If malignant hyperthermia is confirmed in another family member,
the ptosis patient should have preoperative testing carried out for the presence of
this disorder. Creatine kinase levels, muscle biopsy for in vitro testing, and genetic
evaluation may be required.26,27 Malignant hyperthermia can occur sporadically,
but often is inherited in an autosomal dominant fashion. Inhalation anesthesia and
depolarizing muscle relaxants may initiate the hyperthermic response. Dantrolene
sodium is an effective agent for treatment and should be readily available in the
operating room at all times.

Surgical timing

Opinions differ as to the best time to perform ptosis procedures in children. It has
been demonstrated that good results can be obtained when surgical procedures are
performed at as early as six months of age, or are undertaken years later. Not
enough evidence exists at this time to justify an early procedure for the sole pur-
pose of preventing amblyopia, unless the visual axis is completely occluded. Com-
plete occlusion of an eye by a hematoma at birth that persisted for six weeks did
not result in amblyopia in a child who was subsequently followed for five years.28

Indeed, early ptosis surgery has been shown to induce astigmatism in some cases,
and in other cases in which amblyopia develops or is recognized after surgery, it
is difficult to be sure of the cause of the amblyopia. However, short-term occlusion
of one eye in a young child can very well produce amblyopia. Thus, corneal ex-
posure problems, infections, conjunctival prolapse and other potential complica-
tions that might require patching or prolonged treatment compel some practioners
to opt for later surgery.

Some families will elect not to wait for a later procedure and will seek early
surgery that can, in most cases, be done successfully. It has been common practice
among pediatric ophthalmologists to inform parents that the first major obstacle
for a child with a congenital anomaly where parents will have little or no influence
over interactions with other children, will be that of entry into a school or a daycare
system. It follows that repairable congenital defects might best be treated before
this time. Each case must be decided on its own merits.

However, when the severity and stability of the ptosis is known, levator func-
tion is measurable, mechanical and neural components are addressed, corneal sen-
sitivity and corneal exposure risk factors are known, Bell phenomenon is assessed,
patient’s motor and neurological status is understood, amblyopia is assessed, and
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family tolerances and preferences are discussed, the timing of surgery and the type
of procedure can be planned.

Choice of procedure

The choice of procedure depends almost entirely on the degree of levator function
that is present, although several measurements are used for surgical planning.
Usual measurements include: position of lid crease in each eye; upper lid margin
to corneal light reflex distance (MRD1); lower lid position relative to corneal light
reflex (MRD2); palpebral fissure width; and levator function.

If present, existing lid creases (distance above the lid margin) are measured in
each eye. Usually, three measurements, central, nasal and temporal, are made.

MRD1 refers to the number of mm above the estimated center of the cornea or
above the corneal light reflex that the upper lid margin crosses the cornea. This is
a positive number. For convenience, the vertical diameter of the cornea is esti-
mated to be 10 mm and the observed light reflex is assumed to center vertically in
the cornea at zero. A normal (non-ptotic) lid should measure between 3 and 4 mm
above the light reflex. The lower lid should just cross the inferior limbus (-5). A lid
that covers the light reflex is graded according to the number of mm below the
light reflex (negative number) where the lid margin crosses the cornea. If both eyes
have similar sized corneas, the fellow eye can be used as a guide under these
conditions. When MRD numbers are used, the potential errors in palpebral fissure
width measurements due to lower lid position are eliminated. An MRD1 number
is valid only when MRD2 is measured and recorded (Fig. 12).

These numbers are most useful if both eyes are of equal size and no proptosis
or enophthalmos is present. It has been shown that the corneal light reflex is

Fig. 12. Lid position relative to light reflexes.
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centered best when the flash is below the camera lens and the fixation target is
one-fifth of the distance from the center of the flash to the center of the camera
lens.29

Palpebral fissure width (recorded at greatest width) is measured in level gaze
while the patient fixates a distance target. This measurement will vary, especially
in patients with ptosis, in upgaze and downgaze. Non-ptotic patients will demon-
strate considerable differences in palpebral fissure width.30

Levator function is assessed by measuring or estimating the mm of excursion of
the upper lid. This is the single most important measurement relative to choice of
surgical procedure and planning the number of mm of levator resection. This
measurement is obtained by asking the patient to observe a distance target with
the head and eyes level. A millimeter ruler is held just in front of the lid, without
occluding the visual axis. The examiner gently presses his fingers against the brow
while he holds the ruler. The patient is asked to look at the floor without moving
his head. The position of the ruler opposite the upper lid margin is noted. Without
moving the head, the patient is asked to look at the ceiling. The number of mm of
upper lid excursion from downgaze to upgaze is recorded as mm of levator func-
tion.

Neosynephrine 2.5% is instilled in the lower cul-de-sac. Photographs are taken
before and after instillation. The changes in vertical height of the palpebral fissure,
MRD1, and MRD2 are noted. The better the response, the better the prognosis for
a tarsal-Mueller muscle resection.

Although many schemes and tables have been developed in an effort to im-
prove surgical results from levator resection, most are based on the original tables
derived from Berke and modified by Beard.8 Mild ptosis is that of 2 mm or less,
moderate if 3 mm, and severe if 4 mm or more. Using levator function as a guide
to the amount of levator resection, a mild ptosis of 2 mm or less with levator
function of 8 mm or more, would undergo either a tarsal-Mueller muscle resection
(if a good response to neosynephrine 2.5%) or a small levator resection of 10-13
mm. A moderate ptosis of 3 mm with moderate levator function of 5-7 mm would
have a levator resection of 14-17 mm. Severe ptosis of 4 mm or more with 4 mm
or less of levator function would undergo a maximum levator resection of 22-23
mm or more or a frontalis suspension procedure.

In general, patients with less than 4 mm of levator function are treated with
brow suspension procedures. Many modifications and enhancements of these
options exist.
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Introduction

Congenital nasolacrimal duct obstruction (dacryostenosis) is a very common oculo-
lacrimal disease that ophthalmologists and pediatricians face on a regular basis. In
‘classic’ cases, it is caused by incomplete canalization during the newborn period
involving the extreme end of the inferior membranous nasolacrimal duct, at the
valve of Hasner, underneath the inferior turbinate. It may produce clinical symp-
toms in 2-4% of newborns.1,2 In a large study cohort, its clinical incidence was
considered to be as high as 20% in newborns, with 3.5% of them still obstructed
up to over one year of age. Around 95% of these patients have spontaneous reso-
lution without the need for treatment.3 Nasolacrimal duct obstruction is the most
common cause of tear flow disturbance in infants.

Etiology

Neonates have tear secretions at birth.4 Epiphora (with or without ocular dis-
charge) is the predominant sign of a nasolacrimal duct obstruction,5 and usually
presents around the second week of life. Other signs include lid crusting, ocular
discharge, increased meniscus height (moist appearance of the eyes), irritation of
adjacent skin, recurrent mucopurulent discharge, and reflux of lacrimal sac con-
tents upon pressure. The lacrimal drainage apparatus is of ectodermal origin.
Embryologically, it arises as a solid cord of epithelium at the 12-mm stage, in the
medial lower eyelid, with projections temporally (canaliculi) and inferiorly (naso-
lacrimal duct). The puncta and the valve of Hasner are ‘embryologically distal’
structures, explaining why most congenital lacrimal system anomalies are compro-
mised at these points. Canalization begins at around four months of gestational
age (50-mm stage) and may continue even after birth. Indeed, it is considered that
up to 50-70% of newborns are born without a complete patency of the most infe-
rior portion of the nasolacrimal duct; however, only 4% of them are clinically
symptomatic.6-8
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Although other anomalies could be present (osseous anomalies, deviation of the
nasal septum, impaction of the inferior turbinate on the membranous duct, super-
numerary ducts, amniotocele, craniofacial deformities, etc.), tearing due to ‘clas-
sic’ congenital dacryostenosis with ‘pure’ persistence of a membranous blockage
at Hasner’s valve is the predominant form of presentation.2,9,10 This is due to
failure of canalization of the lacrimal duct at its entrance through the mucosa to
the inferior meatus of the nose. This membrane spontaneously dissolves in 80-90%
of patients within the first few months of life.11 Based on data from a large study,
it could be considered that, for those children with a persistent obstruction at six
months of age, up to 75% will resolve spontaneously by one year of age; mean-
while, for those with a persistent obstruction at nine months of age, around 36%
will resolve spontaneously by one year of age.3,9,12

Timing of surgery

The timing of surgical treatment is controversial. One traditional conservative
approach consists of massaging the lacrimal sac and duct, with or without the use
of topical antibiotics and surgery, after six months but before one year.9,13,14 Con-
servative management is based on the relative high rate of spontaneous resolution
– approximately over 50% resolution by one year of age.13,14 Most children with a
nasolacrimal duct obstruction have already been treated by the pediatrician with
massage and antibiotics for several months prior to being referred to the ophthal-
mologist. Studies have shown that, if the obstruction persists after adequate con-
servative management, the spontaneous resolution rate decreases as the child gets
older than one year old.15,16 It is also considered that, as the child gets older, the
success rate decreases with time, especially after one year of age.15

In-office probing has been recommended as an alternative to general anesthesia
and outpatient surgery. In most cases, probing is recommended prior to five months
of age, as it is difficult to restrain larger children.16-20 Early in-office probing means
that many probings will be performed on patients who might improve spontane-
ously; however, those in favor of early in-office probing are quick to argue that
they save the risk of general anesthesia. High success rates have been reported
with this early-office approach; however, it should be remembered that the natural
history is for over 50% to show spontaneous resolution.

Standard nasolacrimal duct probing

Regardless of the technique, probing has a high success rate when carefully per-
formed. A Bowman probe #0 (0.7 mm diameter) is usually the best instrument for
pediatric use. The superior punctum is dilated and the probe passed through the
superior canaliculus. It is important to look gently for the ‘hard’ osseous feeling
at the medial wall of the lacrimal fossa in order to ensure that the probe is at the
lacrimal sac, avoiding tears to the lacrimal mucosa, while keeping the upper lac-
rimal drainage system in a firm and straight position by temporal traction of the
eyelids during the probing. Once at the sac, and after feeling the ‘hard’ bone of
the nasal wall, gently tap the probe down along the wall into the nasolacrimal
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duct. Do not drag mucosa as you pass the probe through the nasolacrimal duct or
you can create a submucosal pass. When the probe is at the nasolacrimal duct and
before its entrance to the nose underneath the inferior turbinate, a membranous
obstruction is usually felt at Hasner’s valve as the probe passes through to reach
the nasal cavity. This describes the ‘classic’ congenital dacryostenosis with a
membrane at Hasner’s valve.

Multi-pass probing

We have modified the standard probing technique and now call it ‘multi-pass’.
We acknowledge that this technique may be similar to what many surgeons are
already doing. It is our experience that a multi-pass modification to the standard
probing procedure is highly effective, with a high success rate, even in children
older than two years at the time of initial surgery. We note a success rate of up to
97% in <12 month olds, 92% in 12-24 month olds, and up to 85% in children older
than 24 months, while other studies have shown a decreasing success rate of initial
surgery as the child gets older, especially after 18 to 24 months of age.15,21 Multi-
pass probing consists of a multiple probe that passes through the point at Hasner’s
valve, instead of a single one, in order to ensure adequate dilation, perforation,
and patency of the membranous obstruction. Multi-pass is performed with a cen-
tral pass and multiple passes in four quadrants: anterior, posterior, nasal, and
temporal. After the probe has been passed, its presence is verified underneath the
inferior turbinate using a nasal speculum for exposure, and a second large probe
is placed in the nose under the inferior turbinate to feel ‘metal on metal’. Multiple
passes through the imperforate membrane are performed without removing the
probe from the nasolacrimal duct, using gentle, small-amplitude back and forth
movements. There is no need to apply vasoconstrictive compresses at the nasal
mucosa before the procedure, and it should be performed as fast and smoothly as
the standard probing procedure. With the multi-pass technique and confirmation
of probe location by means of  ‘metal-on-metal touch, there is no need to perform
lacrimal irrigation, thus avoiding the possibility of aspiration. Also, we do not
routinely infracture the inferior turbinate. Routine infracture of the inferior turbi-
nate has been advocated by some, but we have not found this necessary. We
infracture if the inferior meatus is closed on nasal examination when performing
a re-operation for a failed probing.

For those patients with ‘non-classic’ congenital dacryostenosis associated with
craniosynostosis or re-operations, additional approaches have been recommended.
These include the use of silicone tubes or balloon catheter dilation as alterna-
tives.21-24 We prefer silicone tube placement if there is a significant obstruction
associated with an anomaly other than the classic membranous obstruction of
Hasner’s valve, or after an earlier failed probing.22,25-28 We use Crawford tubes
because the olive tips make it easier to recover by simply retrieving them from the
nose with a hook instrument.22,29 A grooved Ritleng probing system is also avail-
able.23,30 Silicone tubes are available with a suture at the lumen, which can be used
to tie the ends of the tubes without creating a huge silicone knot. The recom-
mended time to leave silicone tubes in place is variable, ranging up to several
months, but we have had success with three to six weeks.31,32 Even though it is
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common that spontaneous or inadvertent removal of the tubes occurs before the
desired period of time has elapsed, the silicone tubes are generally very well
tolerated by the patient.33,34 Balloon catheter dilatation has recently been recom-
mended for cases with a previous probing failure or silicone tube placement, and
sometimes as the primary procedure in older children, based on previous studies
that report a decreased success rate as age increases.21,35 This final indication state-
ment could be subject to question as reported, as it is our experience that high
success rates can be obtained with multi-pass probing as the primary procedure,
even in older children.36-38

Summary

We have found multi-pass nasolacrimal duct probing without infracture of the
inferior turbinate, and without lacrimal irrigation to be very successful in patients
with ‘classic’ nasolacrimal duct obstruction. For a primary probing, a success rate
of over 90% was achieved in children of up to 24 months of age, and of over 80%
in children of more than 24 months of age. There did not appear to be a significant
drop in success rate in children over one year of age. Multi-pass probing is a
simple, safe, and effective procedure.
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Round Table

Congenital epiphora: when and where to probe, tubes or
balloons, internal or external DCR

Moderator: James A. Katowitz, MD

Panel: Edward G. Buckley, MD
Forrest D. Ellis, MD
Kenneth W. Wright, MD
Matthew W. Wilson, MD

Dr Katowitz: I’d like to congratulate all the preceding speakers on their excellent
presentations. I am particularly intrigued by Ken’s presentation, because it leads
so beautifully into this panel. I have tried to set up a few questions that will give
us a chance to go at it in a friendly way. Ken asked the question, “What is the right
timing for probing”, and I agree with much of what he said. I don’t know how
the other panelists feel, and I would like to hear their comments first, so I don’t
dominate the conversation.

Dr Buckley: In general, if it’s a primary probing, I really encourage the parents
to do the massage. If it happens that I have recurrent infections, I will certainly do
a probing earlier than otherwise, as early as it becomes problematic, to keep the
eyes clean. All other things being equal, my preference would be to wait until
eleven months.

Dr Wright: Why do you have them massage?

Dr Buckley: I have them massage, but I’m not sure why.

Dr Ellis: It gives them something to do. That might be the end of it. I think you
(Dr. Katowitz) and Mike Walsh have both helped us a lot and complicated our
lives a lot with that article.1 I’d like to hear you say after awhile what that article
really means. I am not sure my take on it was exactly what Ken’s take was, but
I will leave that to you. I try to take note of the patient’s needs. I certainly agree
with Ken that my experience with the amniotocele is that they do get infected if
you don’t do something. There is controversy about this, though. Not everyone
believes that, and there have been some articles in our field that suggest you can
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just watch these. Certainly, that makes sense to me, that you can just watch them.
But you will watch some of them develop into an infected mass, if you do. Occa-
sionally, one will go away. But I like to probe them when I see them, as far as the
amniotocele is concerned. I try to tailor it to what the patient really wants. I know
of one experience, a very famous person in our field who had twin sons, who had
tearing until they were 18 years of age, no treatment, and the tearing went away
at age 18. Don’t ask me to explain the philosophy behind that. Personally, I had
a patient, a child who was seven years old, crusting around both eyes, a history
of constant tearing since birth, the daughter of a well-known ear, nose, and throat
person in our area. Never had any probing and was only brought in for probing
when the parents got a letter from the school saying, if you don’t do something
about this we are going to turn you over to the social service people. And it
responded, of course, as you might expect, dramatically to probing, and was fine
the next day. I try to tailor it to the patient’s needs and to the family’s needs. I
will do them in the office, although I do most of them in the operating room. And
I wait as long as they are not infected, and the only problem is tearing or epiphora.
I’ll wait as long as the parents want to wait with maybe some gentle encourage-
ment at the appropriate time.

Dr Katowitz: I am just going to give a few comments of my own. Although we
have gone over this, I do want to make one point. I think it was an article by Paul
that showed that 90% of these children with dacryostenosis will resolve over time.2
But I agree with Ken. My approach is to try to delay, and I will get into the value
of massage in a moment. If there is a lot of infection and the parents are really
upset about it, I’ll go ahead and probe early in the office. But most of the time,
we try to do this under general anesthesia after six months of age, and I’ll tell you
why. But I want to say something about massage first. Burt Kushner had a won-
derful paper that brought up the name of Crigler, who in the past described massage
of the nasolacrimal sac and duct.3 And exactly as you were saying Darryl, I always
felt we were giving the parents something to do and it was making us feel better.
But we decided to investigate this when Jill Foster, who was a fellow with me, did
her thesis for ASOPRS on this subject.4 We were doing dacryoscintography, and it
was quite amazing what we found. The technetium 99 used as a drop with a
gamma counter, would go down pretty rapidly, within a minute or two in normal
kids. Of course, with dacryostenosis it was blocked in these kids. A lot of the
children would sit still; it was actually quite amazing that we could do this test.
Out of our series of about 12 or 15 kids, two opened up, from our massaging in
the radiology unit. I was surprised that it really worked. In actual fact, we could
show that by milking the lacrimal sac down into the duct, there was a progression
of the radioactive substance and in two of these cases, as I said, we opened up an
obstruction. You all have had experiences of people who are scheduled for a prob-
ing and irrigation, and they tell you, “It got better last week.” Is that just the
natural evolution, or is it the massage, I don’t know. But at least with the study
we did prove an objective reason for massage, which I think is useful.

A couple of other comments – I do want to say one thing about the statistics.
I did say that 97% of kids get better if you probe before 12 months, but between
12 and 15 months, our statistics are the same, at 96.5%. After 15 months, we started
to see a gradual decline in the success of primary probing. We were looking at
three-month periods initially, and then we broke it down by months. In our series
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of about 257 eyes, we saw a gradual decrease in the effectiveness of a surgical
procedure. These were all primary virgin probings, not complicated, no craniofa-
cial, no Down syndrome cases, which are always more complex. Those were just
our findings. We are also spoiled, being in a children’s hospital, because you can
have wonderful general anesthesia and you don’t have to worry about it as much.
Another reason for general anesthesia is that it permits both therapeutic probing
and diagnostic probing. We can do a little bit of diagnosis when we are feeling a
probe in the office. There is not much else we can do if we find an unexpected
abnormality. What are those cases? Burt Kushner produced a wonderful article a
few years ago that put this into perspective in a very good way. He was looking
at our assumption that cases are more complex as the kids get older. He divided
these obstructions into two parts – one in which the obstruction was really distal
at the valve of Hasner. Those are basically uncomplicated cases, and those kids
could be five or six years old, and an initial probing would be successful. The
misconception is that when kids are 18 months of age they should always have
more than a simple probing. That’s absolutely wrong. Every child deserves an
evaluation with a P&I, first. More extensive surgery might be considered if you
find something difficult, like bleeding or multiple serial obstructions or a false
passage, all the things that Ken was mentioning. I like to use the concept of a soft
stop and a hard stop, which is the same thing that he was talking about. If you see
the inner canthus moving when you are sticking that probe in there, then you are
not through the internal punctum into the lacrimal sac. You have to feel the bony
stop that he was talking about, and then go down. I also prefer to probe via the
upper canaliculus. My mentor, Abe Werb often said, “The Lord created the lower
canaliculus for tears and the upper one for probing”. I always kept that in mind,
even though recent studies show that both canaliculi in the excretory mechanism
work equally. We used to think the lower one responsible for most of the flow. We
also used to think that if you get a canalicular laceration in the upper, forget
about it, it’s not worth repairing. That’s not correct. Again, I don’t want to
dominate the conversation. There are so many interesting aspects to this subject.
The multi-pass, for example, raises a number of questions. As Ken was saying,
why do a balloon? Why do something else? Bob Clark, whom I don’t know per-
sonally, wrote an interesting article on probing in this fashion.5 The Bowman probes
were tapered. It is a very clever idea; if you can start with something thinner and
then gradually go down, you are going to be bougieing the system in a safer way.
A lot of people will use multiple different probes of increasing sizes, but I think
this may be a danger to the common opening, to the internal punctum? That’s also
critical with early infant probing for an amniotocele. I agree with everything that
has been said. I like to use a No. 0000 Bowman probe, because you really have to
be careful with the infant system. It’s so gentle and delicate. If you start using
something that is too large, then you are going to damage the internal punctum.
And that really creates trouble. It’s easy to cure nasolacrimal duct obstruction, but
when you start getting into the canaliculus, and the upper drainage system, that’s
trouble. The multi-pass is an interesting idea. The only question I would raise,
Ken, would be the potential to cause cicatrization. Your statistics are good, and if
they are not calling back, they are either very happy or they are visiting another
city, but I assume it’s the former. In cases of dacryostenosis, most children will get
better with massage and the passage of time. It’s an intriguing idea. I do want to
emphasize that it is really critical to be gentle with the common internal punctum.
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It’s a very subtle thing. It’s a tactile thing. You want to be very careful because
you can create significant damage that is difficult to treat. What about the balloon
dacryoplasty? I’d like to hear your opinions about the balloon. Ed, do you want
to comment?

Dr Buckley: I use the balloon in congenital epiphora in two circumstances – in
patients who have failed prior probing or children who are over 13 months of age.
I actually combine it with monocanalicular silicone in the inferior canalicular sys-
tem.

Dr Katowitz: I’ll just make a comment. I personally don’t agree with the concept
of automatically going to a balloon or tube just because the child is 15-18 months,
or older. I think every patient deserves a simple probing and irrigation first. Maybe
it’s treating myself, because we will put in an antibiotic steroid solution and I am
just imagining that the steroid is going to help. But I also pay attention to regur-
gitation when I am injecting. I might have probed, but if I get regurgitation I’m
thinking about this. And if it’s an older child, then I might be considering a
balloon or Silastic tube intubation. I want to show you some statistics that we did
with a little study about a year and a half ago. We looked at both balloon and
Silastic intubation and basically observed very similar success rates. Of course you
all know what the Lacricath system is, and you have to be very careful not to dilate
the common opening again as you pull the balloon up. It doesn’t come out as
easily as it went in, even though you have deflated it. I have on a couple of
occasions seen some bleeding, which gets me really nervous. We also felt there
wasn’t a lot of science about what the balloon does. And I had trouble under-
standing how can you put this angioplasty type balloon into a canal, pressing the
mucosa up against the bony wall; why does that make any sense? So it bothered
me, and I did a study with Scott Goldstein, my fellow at the time, where we
struggled to find an animal model that had something like a nasolacrimal duct.6
We finally came up with the rabbit. The rabbit only has one canaliculus, but once
you get by a narrow ostium at the top, you can get the balloon in easily. What we
found, interestingly enough, was that the mucosa doesn’t get damaged. I was
very surprised. We had more inflammatory cells in the controls than we did in the
ones who had balloons. We looked at the ducts at three months and beyond to see
if there was damage occurring. As far as the Silastic stent goes, we have done
hundreds of bicanalicular intubations for more complicated problems, as you all
know. So we felt that this was the ‘gold standard’. We wanted to compare what
monocanalicular stenting would mean. So we looked at that. Second probings
were only 40% successful. A lot of people say, “Well why not just probe again?”
For my own child, I think if I did one probing and it didn’t work, if they were
going to go to have general anesthesia again, I’d want to do something more. In
my own good conscience I wouldn’t feel comfortable just with a second probing,
because our experience with canalicular stenting has been excellent. We have had
very few problems, and our success rates have been good. We compared
monocanalicular stenting with the balloon, and we got pretty similar results.7 Here,
it was 91% compared to 87%. I generally use the upper canaliculus and use a 3-
mm size most often.

The last point I would like to discuss is what about DCRs? How do people feel
about endoscopic versus external, and what is the right time? Does anyone have
comments?

noao2003-31.pmd 12/5/2003, 1:01 PM260



Round Table 261

Dr Wright: In 20 years, I only remember two or three DCRs in a child. I rarely ever
see a DCR in a child. It was interesting. A local oculoplastic surgeon wanted to do
a DCR on this kid who was eight years old with unprobed NLD. I thought that
was crazy. So I don’t have much experience with DCR.

Dr Wilson: My only DCR experience in children is post-treatment for other facial
malignancies, from the radiation or chemotherapy or nasal surgery for the cancers,
and secondary complications.

Dr Ellis: Craniofacial problems definitely, you have to consider DCR in some of
those patients, I believe. It is not common, but it does happen. I have one child
with Down syndrome who I have tried to probe since he was fairly small. The
canaliculi are there. I can identify them, but I cannot get a 4-0 Bowman probe
through them. They are just too tiny and it can’t be done. I have recommended
a conjunctival DCR for this patient because nothing else works.

Dr Katowitz: We will take 30 seconds and finish up here and try to get back on
time. What about bypass tubes? As far as the Jones tubes go, the published reports
have basically said, wait until teenage years. And that is kind of condemning the
family and the child to a lot of problems. We have published a reasonable series.8
Although the problems are complicated, we have lots of kids who have done quite
well. Our average number of Jones tube exchange rate is 1.8 in this series. I want
to get back questions regarding pediatric DCR. I had a six-week-old in which I was
forced into doing a DCR. That experience taught me that a DCR could be done
early with no structural problems affecting nasal growth. The patient is now 25
years old and has no visible scar. And I have also done bilateral DCRs in cranio-
facial kids with no resultant bony problems in terms of nasal development. But
there certainly will be children who are going to fail a probing, fail a balloon and/
or tube, and you have to do something. The DCR solves most of these problems.
One closing point, the endoscopic DCR. Last week I was in London at Moorfields
Eye Hospital talking with Geoff Rose, and he brought up something really inter-
esting. He said that the bony ostium does not close down to 1.8 mm as has been
reported. He feels this doesn’t happen if you sew the flaps correctly. He showed
me via endoscopy, the ostia that he develops with a big dime-sized opening through
the bone with the flaps properly closed. He called it primary intention versus
secondary intention healing. His concept is, if you just punch through when doing
endoscopic DCR, even though the success rates may be excellent initially, it may
close down later if a large enough ostium is not created. An excellent paper just
came out in Ophthalmology by Peter Dolman, from Vancouver, comparing 150 en-
doscopic DCRs and 250 externals, yielding similar results.9 Long-term follow-up is
required to evaluate lacrimal surgery. If you get secondary intention healing oc-
curring without proper flaps, then the endoscopic approach may not prove suc-
cessful over the long term. Endoscopic DCR is certainly intriguing, but the external
DCR still remains the ‘gold standard’ against which the long-term results of
newer procedures must be measured. Thank you.
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Questions and Answers

Plastic surgery update I

Presiding Physician:  Kyle Acosta, MD

Dr Acosta: This is a question for Dr Wright. Does simple probing of a dacryocele
have a higher failure rate than that of probing a typical nasolacrimal duct obstruc-
tion?

Dr Wright: I don’t have a whole lot of amnioceles. I get maybe two or three a year
and in 20 years, I’ve never had to put tubes in an amniocele. We’ve always been
able to do it with probing, very occasionally two probings, but we have never put
tubes in. The probings work very well.

Dr Acosta: Here is a second question. On what antibiotic do you like to start your
patients with dacryoceles?

Dr Wright: I think it is ceftriaxone, one of the cephalosporins is what we use.

Dr Acosta: Another one for you. When you multi-pass are you past the valve of
Hasner?

Dr Wright: Yes. In multi-passes you will feel the valve of Hasner and then you just
sort of tick at it, up, down, right left. So you just make a bigger opening. I won-
dered if they blew their noses if they were going to get air to come up because you
have ruined the valve, but we have not had any problem with that at all.

Dr Acosta: Dr Wilson, what is the standard of care of evaluating pigmented lesions
of the choroid? Do you take photographs? Do you make drawings in chart? When
do you see these patients back?

Dr Wilson: For newly diagnosed pigmented lesions, I think all should be photo-
graphed. For flat pigmented lesions, those which would be nevi, the incidence of
growth is probably somewhere around 1% of these ever turning into melanomas.
But I think documentation is the key, and especially for new pigmented lesions
that I see in consultation. I see them back anywhere from three to six months
initially and then less frequently from then on, depending on the stability of the
lesion.
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Dr Acosta: Dr Katowitz, to get to the superior orbit through the lid crease, how do
you handle levator capsular palpebral complex?

Dr Katowitz: It depends on what you are trying to do. Obviously, the levator
complex is something you want to avoid. We will look at some of this when we
talk about some of the other things. If you are going to go into the orbit itself, you
want to open the septum high. You have to be careful not to pull the lid on stretch,
because you will be pulling the septum down and you are liable to cut the levator.
But most of the time, you are trying to work around that. You are going medial
or lateral. The only time you are really going centrally is if you are peeling off the
periorbita, which in itself is going to protect the levator complex, because you are
going back to enter the orbit through the periorbita, which we don’t like to do if
you have any feeling of a malignancy. But if it is a known lesion or foreign body
or something like that, then you might consider this approach. You can peel off the
periorbita for orbital decompressions, and it is one of the things that Bob Goldberg,
Jill Foster and others have written about, to burr down, make the door key and
door jamb, and all this carpenter work approach, but you really can get very good
exposure and take the bone off if you have a lacrimal malignancy. To answer your
question, you are trying to stay away from the levator.

Dr Acosta: Dr Brown, is Botox contraindicated in immunosuppressed patients, i.e.,
when they are on prednisone or any other immunosuppressive therapies?

Dr Brown: I think in general I would probably stay clear of patients who are on
immunosuppressives. I am not sure if there is any published data.

Dr Acosta: Dr Ellis, how soon do you see iris changes in a congenital Horner’s?

Dr Ellis: You see it about the time the iris starts taking on its permanent pigmen-
tation, which is in the first few months of life. Certainly, you can usually tell the
difference by six or eight months. There is one case in the literature of an acquired
Horner’s that was accompanied by iris change. So it may not be an infallible sign,
although one case doesn’t really change the general rule that when we see pig-
mentary changes we can be fairly certain that it is a congenital Horner’s, but it
doesn’t go much further than that in telling us that that Horner’s is benign and
not associated with other problems. It simply means that it occurred early before
the pigmentary changes in the iris really were finished developing.

Dr Acosta: This is a general question for all the pediatric ophthalmologists. If you
are using general anesthesia for older kids with probes, while you are probing,
why not put in tubes? I’ll start with you Ken.

Dr Wright: Why don’t we put tubes in primarily if we are going to put them
under anesthesia anyway? The tubes sometimes loop out and the parents go hys-
terical. You have to remove the tubes, although we do it in the office and we use
the thread inside the silicone, so it’s easy to remove in your office, but it is still
an extra procedure. Why do that when I think we have 95% success rate with
simple probing? It’s just simpler and there is no need to do it. In a secondary
procedure, that’s my procedure – I’ll put tubes in.
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Dr Katowitz: As I was mentioning before, we have moved from bicanalicular to
the monocanalicular. We started out with this because of the punctal atresia, canali-
cular atresia, and if you only had one, that’s a great thing. When I was doing
bicanalicular, I always put it over a retinal sponge or something like that in order
to avoid the kids pulling it out. But, in many instances, it required coming in for
a second anesthetic. And that’s the beauty of the monocanalicular, because all you
do is take a needle holder and hold the kid down for a second and you can just
pull it out. But I don’t use that for primary procedure. Again, they all deserve a
single probing without anything else, unless there are complications.

Dr Ellis: I’ve actually had experiences on both sides of this. I want to add one
thing as I answer this question, that I think might be helpful to you all. In general,
I would say that, if I am going to put the child to sleep for the probing, I will tend
to put the tubes in, but sometimes it is so clear, so obvious that the obstruction was
at the valve of Hasner, that I might change direction and merely probe. Have I ever
been wrong, after I’ve been so sure? The answer is yes, but when I feel confident
that probing is all that is needed, I don’t see any point in complicating my life or
the family’s life by doing something else. But I would tend to want to put the
tubes in. I want to throw something out to you that happened to me within the last
year. I did a Silastic tubing intubation, in a child who had had two failed previous
probings elsewhere. There was nothing really unusual about the placement of the
tubes. The child did fine. Three or four months later, I decided it was time to take
them out, so I asked mom and grandma, who were along on that day, if we could
do it. We got one of the technicians and anesthetized the eye with topical drops.
I pulled on the tube and it wouldn’t budge. I couldn’t move it at all, it just would
not budge. Mom and grandma were hoverers, and you knew I would have to stop
and push them out of the way so I could get closer to the child than they were.
They were always a little closer to the child than I was, no matter what I did. I said,
“I can’t get the tubes out. We’re going to have to take him back down for another
anesthetic. This is unusual. I’ve never really had that happen.” I took him back to
surgery. I couldn’t get the tubes out. They would not budge. I put a second set
of tubes in through a single canaliculus and snared the Silastic that was in there.
I was able to pull a little small segment of it down into the nose and that is all I
could see of it. I pulled so hard but I didn’t know what else to do at the time. I
ended up just severing the part between the puncta because I thought at least we
won’t have any punctal erosion, and if the child is epiphora free, we won’t have
to do anything else. If not, he will probably have to have a DCR to get the tubes
out. I started calling around the country to some of my friends and said, “Have
you ever heard of this or seen this? I don’t have this on my list of possible
complications”, and so forth, and so on. It didn’t take but a couple of phone calls
to find out that other people had had this happen, but nobody has really reported
it. In this case, I’m presuming that I put the tubes through a false passage, or at
least one arm of the tube, and this child is a growing child and the bone just grew
right around the tube, and secured it. I have put a lot of these in and have taken
all of them out, but one. This is something that can happen to you. So my point
is that Silastic tube placement is not necessarily so benign. In this particular case,
it cost an extra anesthetic, an extra hospitalization procedure, and there is the
potential for a third procedure with DCR.
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Childhood ptosis: an oculoplastic perspective

J.A. Katowitz and F. Kherani
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Introduction

Blepharoptosis in children represents one of the most challenging management
problems for the ophthalmic surgeon. A thorough understanding of eyelid anatomy
and mechanics is mandatory for the appropriate management of pediatric ptosis. The
assessment of ptosis, including the classification, history and evaluation are described
elsewhere in this book. This chapter will outline the surgical approach for repair of
childhood ptosis from a pediatric oculoplastic perspective.

Surgical concepts

The surgical repair of ptosis can be divided into two categories. The first approach
requires strengthening the retraction mechanism within the eyelid; the second requires
the use of alternate anatomical structures in order to lift the lid. The retraction
mechanism includes the tarsus, Müller’s muscle, levator muscle and the levator
aponeurosis. Strengthening the retraction mechanism requires some adjustment to
one or more of these components in the retraction system. The second approach utilizes
structures outside the eyelid for elevation. This can include use of the frontalis muscle
or the superior rectus muscles. However, of these procedures, our preference is for
frontalis suspension because of corneal complications too frequently associated with
superior rectus surgery.

In order to select an appropriate ptosis procedure, a complete preoperative
evaluation is necessary.1 It is important to measure the degree of ptosis relative to
the amount of levator function. Quantifying the patient’s response to sympatho-
mimetic agents such as 2.5% phenylephrine is particularly useful for planning
surgery in the pediatric age group. A positive response to phenylephrine indicates
that a Müller’s muscle resection (± tarsectomy) can produce a similar postopera-
tive result. In unilateral ptosis, any excitement or the use of the brows can lead to
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sympathetic stimulation, which can then mask ptosis on the ‘normal’ appearing
side. It is important to caution parents about this possibility. The phenylephrine
test is useful for identifying the masked ptosis on the apparently unaffected side.
This is due to the associated effects of Hering’s law of binocular yoke muscles,
which states that equal and simultaneous innervation flows to synergistic muscles.2
Thus, if the child’s ptotic lid responds to phenylephrine and there is no longer a
need for the child to place extra effort to elevate the ptotic lid, then the energy to
both levator muscles is reduced. Consequently, if there is actually a mild or mod-
erate ptosis on the ‘normal’ appearing side, there will be a resultant droop
(Fig. 1).

Topographical surgical approaches

Ptosis surgery can be performed from either an anterior (external) or posterior
(internal) approach. Internal procedures include the conjunctivo-müllerectomy
(Fasanella-Servat), tarso-conjunctivo müllerectomy (Putterman) and the Müller-
levator muscle resection (Werb) procedures. All these procedures attempt to tighten
the retraction mechanism within the eyelid via an approach from its posterior
surface. Internal approaches to shortening Müller’s muscle are particularly useful
if the ptotic lid has a reasonable response to topical phenylephrine. In young
children, 2.5% is usually preferred as there is less risk of systemic side-effects. If
the response to phenylephrine is poor, then an external levator resection or a
frontalis suspension procedure will be necessary. The major advantage of the in-
ternal Müller’s muscle-type procedures is that they offer relatively predictable
outcomes as they mimic the clinical response to phenylephrine. In the pediatric
setting, this predictability is particularly useful as the surgery is performed under
general anesthesia where there is no possibility of patient cooperation with intra-
operative adjustment. An additional advantage is the minimal lagophthalmos
observed postoperatively with internal Müller resection procedures.

Fig. 1. Phenylephrine test. A. Prior to instillation of phenylephrine the right upper lid is ptotic
while the left is in a normal position. B. Following the instillation of phenylephrine, the right
upper lid level becomes higher. In this example the left lid also becomes lower as there is less
need for the levator muscle to contract both sides (Hering’s law), thus unmasking a latent pto-
sis. (Reproduced from Katowitz1 (chapter from Heher and Katowitz), by courtesy of the Pub-
lisher.)

A  B
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Internal approaches

The Fasanella-Servat procedure (tarsoconjunctival müllerectomy) involves resec-
tion of the upper tarsus, Müller’s muscle and the overlying conjunctiva. The pro-
cedure traditionally addresses mild ptosis of 3 mm or less in lids with good levator
function.3 However, this procedure can be equally effective in more significant
degrees of ptosis, as long as the preoperative response to phenylephrine is good
(Fig. 2).

The Fasanella procedure begins with eversion of the eyelid and the use of two
curved hemostats clamped to include Müller’s muscle between superior tarsus
and the overlying conjunctiva. By adjusting the amount of tissue in the clamp, the
surgeon can correspondingly alter the elevation achieved. It is important to leave
at least 4 mm of tarsus in order to prevent destabilization of the eyelid, which can
produce an upper eyelid entropion. The procedure originally described by Fasanella
and Servat requires the hemostats to be maintained, while passing a double-armed
6.0 plain catgut suture in a running fashion below the clamps.4 The tissue is resected
below the clamps above the suture line, and the second arm of the absorbable
suture is then utilized to approximate the wound edges.

We prefer a modification of the Fasanella-Servat procedure, which includes clo-
sure of the wound by utilizing a 5.0 nylon suture passed in a subcuticular fashion.1
The lid is stabilized with 4.0 black silk sutures after the clamps have been placed
(Fig. 3). The clamps are then removed, and the tissue is resected above the crush
marks. A running 5.0 nylon suture is passed in a subcuticular fashion with four or
five bites in the undersurface of tarsus and Müller’s muscle (Fig. 4). Care is taken
to include the inner lining of the conjunctiva to prevent retraction. With this
modified technique, Müller’s muscle can be further advanced simply by passing
the suture to include more muscle. In this fashion, we can produce an overcorrec-
tion of the preoperative clinical response to phenylephrine.

The Putterman procedure involves an internal conjunctivo-müllerectomy spar-
ing tarsus. A 4.0 silk traction suture is placed through the upper eyelid margin. A
medium-sized Desmarres retractor is used to evert the lid. The exposed conjunc-
tiva is then measured for resection based on the preoperative response to 2.5%

Fig. 2. Modified Fasanella-Servat. A. Preoperatively. B. Six months postoperatively. (Reproduced
from Katowitz1 by courtesy of the Publisher.)

A  B
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phenylephrine. The planned resection can range from 6.0 mm to 9.5 mm, as de-
scribed by Putterman, based on the phenylephrine response.5 Typically 8 mm of
conjunctiva and Müller’s muscle are resected above the tarsus. A 6.0 marking
suture may be placed at the desired location on the conjunctiva, or, alternatively,
the conjunctiva may be cauterized at several points to indicate the desired location
for resection.6 Forceps are then utilized to separate Müller’s muscle from the
levator aponeurosis on the anterior surface of the lid. A specially designed Putter-

Fig. 3. Modified Fasanella-Servat procedure. (Reproduced from Katowitz1 by courtesy of the
Publisher.)

Fig. 4. Modified Fasanella-Servat procedure. (Reproduced from Katowitz1 by courtesy of the
Publisher.)
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man clamp7 is then placed at the previously marked conjunctiva and at the upper
border of the tarsus, thus creating a sandwich of Müller’s muscle (Fig. 5). A 5.0
double-armed plain catgut suture is then passed beneath the clamp. The tissue just
above clamp and suture is then excised. The second arm of the suture is then
completed in a running fashion to return to the initial placement of the first arm
of the suture. Traditionally, the suture is brought to skin and tied laterally, but we
prefer to pass this to the supralateral cul-de-sac and tie the suture internally.1

For ptosis problems that actually require more than a simple müllerectomy, the
levator muscle can be included as described by Werb.8 The Werb procedure in-
volves resection of both Müller’s muscle and levator muscle, and is particularly
useful if an internal approach is preferred (Fig. 6). The lid is everted and the upper
border of the tarsus incised after placing two 4.0 black silk traction sutures at
either end of the tarsal edge. The plane between the levator muscle and Müller’s
muscle is entered. Traction is applied via the silk sutures, and the conjunctiva is
carefully dissected off the posterior aspect of Müller’s muscle. Depending upon
the amount of the levator muscle to be removed, the horns may or may not be cut
with this technique. 4.0 prolene or 4.0 chromic sutures can then be placed through
the conjunctiva and through the levator muscle at the desired level. The inferior
portion of the muscle is resected. The sutures are then passed above the tarsus
beneath the anterior lamella of the lid to emerge above the lash margin at the
desired site for a lid crease. The lid crease can actually be performed without an
external skin incision. The surgical challenge of internal levator surgery is appre-
ciating the eyelid anatomy from an upside down position. In addition, the Werb
procedure does not permit simple levator aponeurosis advancement, which may
be the procedure of choice in certain situations.

Fig. 5. Putterman conjunctivo-müllerectomy. (Reproduced from Katowitz1 by courtesy of the
Publisher.)
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External approaches

Levator aponeurosis advancement and more extensive levator muscle resection are
more easily completed via an external approach. External levator muscle proce-
dures are performed via a lid crease incision.1,9 The septum is opened, and the
preaponeurotic fat is retracted. The levator muscle and aponeurosis are identified.
The aponeurosis is undermined from Müller’s muscle below and reattached or
advanced onto the tarsus as appropriate (Fig. 7). For levator muscle resection, two
buttonhole incisions are made above the tarsus through the levator muscle, Müller’s
muscle and the conjunctiva medially and laterally. One arm of a Berke clamp is
passed along the guide of the scissors from one buttonhole to the other (Fig. 8).
When the clamp is closed, it then includes levator muscle, Müller’s muscle and
conjunctiva. The tissues inferior to the clamp are severed from their tarsal attach-
ment. The clamp can then be reflected superiorly to facilitate dissection of the
conjunctiva from Müller’s muscle. This dissection can easily be achieved by slip-
ping the scissors between the conjunctiva beginning at about 12 mm above the cut
end. The conjunctiva is loosely attached in this location, but then more tightly
adherent at the origin of Müller’s muscle as it progresses to attach at the edge of
the tarsus (Fig. 9). Excess conjunctiva may then be resected to avoid postoperative
conjunctival prolapse, and the remaining edge can be reapproximated to the supe-
rior tarsal border with interrupted 6.0 catgut sutures. On the anterior surface,
Whitnall’s ligament is identified. Care is taken not to cut Whitnall’s ligament,

Fig. 6. Schematic cross-section of Werb internal repair. A. Müller’s muscle is resected and edge
of levator muscle advanced. B. Sutures brought through skin to form lid crease. (Reproduced
from Katowitz1 by courtesy of the Publisher.)

A   B
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particularly if an extensive resection of the levator muscle is contemplated. Cutting
the levator horns should be avoided, if possible, as significant elasticity is lost even
in dystrophic muscles. However, in certain instances, a sufficient lid lift is impos-
sible without cutting of the horns. The placement of the mattress sutures should
be through partial thickness tarsus no more than one-third below the superior
margin in order to avoid a buckling of the tarsus (Fig. 10). The mattress sutures are
then evenly placed through the levator muscle. The suture placement can be fur-
ther adjusted in the muscle in order to achieve the appropriate lid height and
contour. Once appropriate lid height and contour are achieved, the excess levator
muscle is resected and the sutures tied in position. The lid crease may be recreated
via a vertical mattress suture through the dermis of the pretarsal skin. This will
tighten the pretarsal skin and orbicularis, thereby establishing the lid crease by its
attachments to the levator muscle. Skin should be judiciously removed in order to
allow for the looser superior preseptal skin and orbicularis to gently fold over the
lid crease. The skin incision can be closed with a running 6.0 fast absorbing catgut
suture (Fig. 11).

Fig. 7. Aponeurosis advancement (A).
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Fig. 8. Levator resection (A). The scissor blades should engage the end of the clamp. (Repro-
duced from Katowitz1 (Fig. 15.26 page 279), by courtesy of the Publisher.)

Fig. 9. Conjunctiva dissected from the undersurface of the levator muscle. (Reproduced from
Katowitz1 by courtesy of the Publisher.)

noao2003-33.pmd 12/5/2003, 1:02 PM274



Childhood ptosis: an oculoplastic perspective 275

Frontalis suspension

Frontalis suspension surgery is usually reserved for patients with poor levator
function. The gold standard for frontalis suspension is generally considered to be
the use of autogenous fascia lata for support.10,11 The autogenous fascia lata ap-
proach is typically reserved for patients older than four to five years of age, when
the leg is of sufficient length to harvest the graft. Given the morbidity of harvest-
ing fascia in younger children, there has been an increased interest in the use of
various other materials for elevating the lid via frontalis suspension. This has
included the use of donor fascia, as well as a variety of synthetic implants. There
are concerns regarding adequate sterilization of donor tissues. Potential infection
from HIV has been prevented by appropriate patient selection and the use of
gamma irradiation. However, there are still concerns regarding prion contamina-
tion with use of donor tissues. Furthermore, the long-term success with donor
fascia lata has been questioned. Use of lyophilized fascia lata for frontalis suspen-

Fig. 10. Levator muscle resection. Mattress sutures are placed evenly in the tarsus 3 mm below
the superior border; the sutures are tied and cut after the lid margin has been set at the appropri-
ate level and contour. Any excess levator muscle is resected.
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sion demonstrated a reduction in long-term surgical success rates from 90% at
three years to 50% at nine years.12

Long-term results of frontalis suspension using irradiated bank fascia lata show
more promising results. Nevertheless, a 28% recurrence rate has been reported
with irradiated fascia lata with a follow-up averaging three years.13

Many synthetic materials have been utilized for frontalis suspension. In addi-
tion to their ready availability and facile application, the synthetics do not present
any risk of prion contamination. Some of the more popular materials are: Supramida

and Silastic©  b. Reviews of Supramid Extra have indicated that this suture material
is a poor alternative to fascia lata because of gradual recurrence of ptosis over the
long term, and frequency of granuloma formation at the brow incision.14 However,
Supramid can be useful as a temporizing procedure in early infancy. For children

Fig. 11. Levator resection. A. Preoperatively; B. three years postoperatively. (Reproduced from
Katowitz1 by courtesy of the Publisher.)

a

b

a S. Jackson, Inc., P.O. Box 4487, Alexandria, VA  22303, USA; bVisitec, 7575 Commerce Court,
Sarasota, FL  34243, USA.
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with severe ptosis, the excellent ski needles and minimal bulk of this suture ma-
terial enable easy eyelid elevation to facilitate visual development. Expanded
polytetrafluoroethylene (ePTFE) has recently been popularized.15 The newest poly-
mer of ePTFE ptose-up has the possible advantage of larger pore size compared to
the original Goretex. The larger pores are considered to facilitate better vascular-
ization of the implant.16 Our recent experience with this implant has also been
positive, and it may prove to be an excellent alternative to autogenous fascia lata.
Frontalis suspension is particularly useful in blepharophimosis eyelid syndrome
(BPES) and in synkinetic ptosis such as Marcus Gunn jaw-wink syndrome. In
BPES, frontalis suspension is required because there is very poor levator function.
There is also a diminution of the fissure opening, both vertically and horizontally
and often a vertical deficiency of skin. In addition to the blepharophimosis and
ptosis, the syndrome is also characterized by epicanthus inversus and an underly-
ing telecanthus. In some instances, there is a slight lateral ectropion of the lower
lid. Recent genetic studies have further elucidated the dominant familial transmis-
sion patterns in BPES.17 Repair of these problems can often be carried out simul-
taneously in older children, but, in very young children, a step-wise approach may
be more prudent. The most critical step is the ptosis repair to facilitate visual
development and then to subsequently repair the epicanthus inversus and
telecanthus. Congenital synkinetic ptosis problems can also occur from abnormal
third nerve innervation. Aberrant regeneration of the third nerve may be observed
following trauma. In these instances of synkinesis, there is a ptosis and an abnor-
mal levator contraction noted with chewing or in various positions of gaze; extir-
pation of the abnormal levator muscle may be required. A surgical alternative is
to attach the abnormally contracting muscle to the orbital rim as described by
Dryden.18 In any event, once the levator muscle is deactivated, a frontalis suspen-
sion is required. The placement of fascia lata or synthetic material can be done as
a single rhomboid (Fig. 12). The double triangle technique described by Crawford
can also be utilized (Figs. 13 and 14).10

Decision tree for ptosis repair in children

Traditional approach

The traditional approach for the repair of childhood ptosis is based on the preop-
erative assessment of levator function (Table 1). With good levator function, apo-
neurotic advancement has been recommended. With moderate levator function, a
graded resection is advised, and with poor levator function, a frontalis suspension
is traditionally recommended. With levator surgery, we prefer to follow Berke’s
principles and position the eyelid relative to the superior corneal limbus depen-
dent upon the preoperative measurements of levator function.19 Following Berke’s
concepts, we determine the amount of the resection to be performed by setting the
position of the lid level relative to the superior corneal limbus at the time of
surgery (Table 2). We base this decision, not only on the strength of the levator
muscle, but also on the elasticity of the levator aponeurotic horns. As a general
rule, it is advisable to overcorrect myogenic ptosis and to undercorrect acquired
ptosis. In the primary position, the lid is positioned at the superior limbus accord-
ing to the preoperative levator function. The weaker the levator function, the greater
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Fig. 12. Single rhomboid technique. (Reproduced from Katowitz1 by courtesy of the Publisher.)

Fig. 13. Double triangle technique. (Reproduced from Katowitz1 by courtesy of the Publisher.)
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the overcorrection required, as the lid will definitely drop in the postoperative
period. If levator function is poor, an overcorrection of 2 mm is advisable. If leva-
tor function is fair, 1 mm of overcorrection is suggested. For those cases of ptosis
which demonstrate good levator function, the lid should be set 2–3 mm below the
superior corneal limbus because the postoperative force of levator contraction will

Fig. 14. Frontalis suspension using single rhomboid technique.

Table 1.

Classification by levator function versus Amount of ptosis

Poor: 4 mm or less mild: 1 mm
Fair: 5-7 mm moderate: 2-3 mm
Good: 8 mm or more severe: 4 mm or more

Table 2. Amount of levator surgery for congenital myogenic ptosis based on levator function
and intraoperative eyelid level (under general anesthesia)

Levator function Lid position on cornea

>10 mm 3-4 mm below the limbus. The eyelid should rise 2-3 mm postoperatively
8-9 mm 3 mm below the limbus. The eyelid should rise 1-2 mm postoperatively
6-7 mm 2 mm below the limbus. The eyelid should remain at the intraoperative

level
5-6 mm 1 mm below the limbus. The eyelid should remain at that level or drop

1-2 mm postoperatively
0-4 mm frontalis suspension preferred

Source: Modified from Berke RN: Ophthalmic Plastic Surgery, A Manual, p 137. Am Acad
Ophthalmol Otolaryngol 1964; and Rathbun JE: Anterior approach to correction of levator malde-
velopment ptosis. In: Levine M (ed) Manual of Oculoplastic Surgery, p 79. Boston, MA:
Butterworth-Heineman 1996. (Reproduced from Heher and Katowitz1 by courtesy of the Pub-
lisher, p 266)
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be more effective. Likewise for excellent levator function, the lid placement should
be 3–4 mm below the superior corneal limbus.

The CHOP approach

At The Children’s Hospital of Philadelphia, we prefer an approach to pediatric
ptosis repair based on the clinical response of the ptotic eyelid to topical 2.5%
phenylephrine. If there is an adequate response, then we plan to resect Müller’s
muscle (± tarsectomy). Either the Putterman procedure or the Fasanella-Servat can
be utilized (Table 3). The modified Fasanella-Servat procedure is advantageous in
that you have a better opportunity to adjust the amount of Müller’s muscle resec-
tion and advancement intraoperatively, depending upon the response to phenyle-
phrine in the preoperative evaluation. If there is an inadequate response to phe-
nylephrine, we then follow the traditional approach for congenital myogenic ptosis
based on Berke’s principles and rely on those concepts for placement of the lid
margin relative to the superior limbus as previously discussed (Table 4). For poor
to fair levator function, the frontalis suspension has become our preference.

The timing of surgery is important in the pediatric age group. Although the
traditional recommendation for ptosis repair has been to wait until school age
(four to five years), we prefer to perform surgery at approximately one year of age.
However, early surgery, even in infancy, may be necessary if there is a risk of
occlusion amblyopia. Our rationale for early surgery is based on several factors:
1. There is no additional anesthetic risk to the child after six months of age; 2. the
emotional stress on the child and family may be reduced; 3. the lid structures are
adequate in size; and 4. our surgical outcomes in the younger age group appear
to be as good as the results in older children.

In summary, our recommendations for the repair of childhood ptosis are as fol-
lows:
• Plan the procedure based on the response to phenylephrine.
• If the response to phenylephrine is inadequate but there is reasonable levator

function, then some form of levator surgery should be utilized.
• Frontalis suspension should be utilized for ptosis with poor levator function.
• While frontalis suspension has been traditionally relegated to ptosis with very poor

levator function (0-4 mm), in recent years, we have been utilizing this procedure
more frequently even for ptosis with fair levator function (5-6 mm). We have reached
this conclusion because we are able to achieve more consistent results in terms of
lid height and contour with less lagophthalmos than we often observe with maximal
levator surgery. While autogenous fascia lata still remains the gold standard for
frontalis suspension, the predictability, safety, and availability of newer synthetic
materials, as well as the elimination of a second surgical site, hold real promise as
useful surgical alternatives for frontalis suspension. Additional studies reviewing
the long-term outcomes with these materials will, of course, be required before
there can be general acceptance of the substitution of synthetic materials for
autogenous fascia lata.
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Round Table

Myths and realities in oculoplastic surgery

Moderator: James A. Katowitz, MD

Panel: Forrest D. Ellis, MD
Kenneth W. Wright, MD
Matthew W. Wilson, MD
Barrett Haik, MD

Dr Katowitz: I would like to say something more about the timing of childhood
ptosis repair. We discussed this a little bit before, but I would like to ask Darryl
Ellis again what his concept is and whether Matt Wilson or Barrett Haik have any
comments.

Dr Ellis: I think it has been adequately demonstrated that you can do the surgery
from the surgeon’s point of view with equally good results at virtually any age,
fairly young, a year or two even, or as a teenager. I don’t think that is the critical
issue. I think traditionally we have told parents that the first big interval in their
child’s life when they are not going to be here to protect them from all the nasty
little barbs from their colleagues is when they go to school, and we would like to
have it repaired by the time they go to school and become more independent. That
has, I think, been mistranslated in some cases into a pediatric ophthalmologist’s
approach of advocating what would be referred to in other quarters as delaying
surgery or delayed surgery, and I don’t think that was ever the intent. I think
mechanically the surgery can be done as soon as you are satisfied that you have
ruled out these possible complicated types of ptosis, as soon as you understand
what is really going on with that patient, and as soon as your choice of operative
procedure really fits that patient’s needs and can be done skillfully. Then I think
it is all right to go ahead and do the surgery. In general, I would say that surgery
is done somewhere between ages two and five years. I probably lean a little more,
and I am just guessing at this, toward the upper end of that age range, and perhaps
some of my colleagues here lean a little toward the lower end, but I don’t think
there is any real difference.

Dr Katowitz: That is the first issue that always comes up. The second concern is,
everything is too small and so forth; but I haven’t found that to be the case.
Children’s heads are relatively large compared to the rest of their body anyway,
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so anatomically, there isn’t a lot of difference. Certainly, there are those cases, as
you said, where something needs to be done early for visual reasons. So I have
gradually migrated down in age. A fellow of mine, Peter Fries, and I looked at
early ptosis surgery. It was interesting. We did a high number of cases under one
year of age. I’m not counting frontalis suspension when needed for severe ptosis,
but ones that could benefit from levator or Mueller’s muscle surgery before one
year of age. The results were really pretty good, comparable to other studies done
in older children. It’s easier to manage the younger children, and I think it does
avoid psychosocial traumas.

I set this up in terms of myths and realities in oculoplastic surgery, and I don’t
know whether anyone on the panel has pet peeves of their own.

Dr Haik: Can I ask you one question about early ptosis surgery? I know in tumors,
if I alleviate pressure on the globe within the first year of life, it tends to be much
more reversible than if I do it later on. Do you have a lot of trouble with anisome-
tropic amblyopia in these unilateral patients, and is that a reason for doing them
earlier?

Dr Katowitz: Certainly. And Darryl had mentioned that earlier. Would you like to
comment on that further?

Dr Ellis: We did look at those patients and we found, as I mentioned, that there
is a high incidence of anisometropic amblyopia in the whole ptosis group of pa-
tients. We thought when we originally started looking at this that maybe doing
earlier surgery would eliminate or minimize that, but in fact we found just the
opposite. We found a few cases in whom we thought we had actually increased
the astigmatic error as a result of the surgery, perhaps tightening the lid, we
thought, placed more pressure on the pliable infant eye, particularly if we were
using some sort of suspension material, and that very early surgery might not be
the best thing to do.

Dr Katowitz: Let’s move on to another question. We always hear that someone
had an orbital floor fracture, it’s snowing outside, it’s the middle of the night, do
we need to come in and do surgery right away? Everyone was very relieved to
hear that it’s okay. Some reports show it doesn’t matter whether you repair
something early or late. Is that really a myth or is it a reality?

Dr Wilson: I think it depends on what you are seeing on the CT. If there is frank
entrapment of the muscle, then I think you need early surgery, because the muscle
will be damaged within the fracture line. And that is usually visible on the CT.
You actually see the muscle in the fracture line. As far as the adventitia surround-
ing the muscle being trapped in the fracture line is concerned, in my opinion, I’m
not quite sure whether that is as big an emergency. Ultimately, if given my druthers,
I’d rather go in an orbit that is not swollen, so that I know what volumetric
replacement I have to do. So I would prefer to wait, but if muscle is involved I
need to go early.

Dr Katowitz: Here is a quick demonstration of that kind of thing (Fig. 1). We are
not even sure what is caught here, but everything you have said is exactly the
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point that I feel works in my mind. Trying to get the edema down is one reason
to wait. And of course, if you have a reasonable size hole without something really
being caught, that may be okay. The big problem is that children just fibrose much
more rapidly than adults. And if you have that kind of a trapdoor fracture, cer-
tainly you should be pretty quick about it with kids. So I think that is an important
point.

Dr Wilson: The children with trapdoor fractures, if you test their motility, these
are severely nauseated children because of the pressure put on the inferior rectus.

Dr Katowitz: I think that is a very good point. Now we can move on to a subject
that Barrett was touching on and perhaps expand on it. It has to do with ocular
implant selection and the choice of wrapping material. You were showing
postauricular muscle. There is sclera or fascia lata, which has the advantage of
being autogenous. How does the panel feel about the various materials?

Dr Haik: Everyone goes through phases in this, and sometimes we even go through
cycles. I started out with silicone and seem to be coming back to unwrapped
silicone implants a little bit. I liked hydroxyapatite. I think we had a series, Tom
Naugle and I, of 100 straight cases with only one extrusion or exposure, all wrapped
fairly aggressively with retroauricular muscle. But it certainly adds a lot of time to
the procedure. It takes two surgeons usually working at the same time. In our
patients, we tend not to see as many trauma patients as tumor patients. And I’m
finding that the integrated implants don’t vascularize well in patients that either
have had radiated sockets or are getting chemotherapy. So, rather than having

Fig. 1. Enophthalmos and ptosis secondary to blow-out fracture, right side. Restriction on up-
gaze. Inferior rectus entrapment.
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something halfway extrude, partially vascularize, I think I would rather have some-
thing that just came out altogether and did not require emergency surgery.

Dr Ellis: I have never been a particularly big fan of hydroxyapatite. I know that
this sets me apart. I have always sort of been offended intellectually at putting a
calcium shedding device into an orbit from which I had just removed a tumor that
was capable of forming calcium. And I have never heard or seen of a case where
that complicated the issue. So, I think it is a non-event in many ways, although I
sense that a lot of my oculoplastic colleagues are actually moving away from
hydroxyapatite. I do like a scleral-wrapped silicone implant for muscle attach-
ment. I think you get better motility. I think the surgery can be extremely neat and
I like the way it looks. I see nothing wrong if you do have extrusion, dermal fat
grafts, that sort of thing, rescued a lot of otherwise contracted orbits for me.

Dr Katowitz: These are issues that I have also wrestled with. The question being,
when you wrap with sclera and cut windows, is it really necessary? Yes, you will
get some increased motility, but I’m not sure. I’m coming back to the whole same
feeling, as well as Barrett, that a lot of our older implants moved around pretty
well. And of course, Dr Allen’s implant with the little humps on it was good. The
other question raised is, if you go with a simple sphere, can you dispense with
covering it and imbricate the muscles over the implant? Of course, if you are going
to drill, it’s not the terrific thing, but the real point is that most of us aren’t
drilling anymore, especially in a pediatric age group, it’s not something you are
going to do.

The dermis fat graft is something that I have used for years myself, and I really
think approaches the ideal implant in many respects (Fig. 2). Because it is autog-
enous, it will not reject unless you have infection or post-orbital radiation. I’d like
to hear what Barrett and Matt think of that. Aside from extruded implants, dermis
fat graft really has the capacity to grow. That is the biggest thing that I have found
in my work, that here is a living implant that you don’t have to increase in size
later or have a thicker and thicker prosthetic shell. The question really is, should
dermis fat graft ever be used as a primary implant? In my experience, when the
kids have been two years or less, we have often found it to be useful.1 I know Jerry
Shields has been putting large hydroxyapatite implants in at the age of two and
not reporting any problems. We have been very happy with this in certain circum-
stances as a primary implant, but I am curious to know how you feel about that?

Dr Wilson: At least in the retinoblastoma population, you pose the same problem
that you have with the integrated implants in that, for the fat graft to be successful,
it requires vascularization. And, therefore, if you go to radiation or you have to go
to adjuvant chemotherapy, you are going to inhibit vascularization into the dermis
fat graft. And I think you would be stuck with some volume atrophy following
that graft.

Dr Ellis: I have actually had pretty good luck with dermal fat grafts in some of
those situations. It is probably just numbers and chance. I’d just like to very
quickly tell you one cute story of a beautiful little girl with retinoblastoma, enucle-
ated the one eye that was involved, subsequently lost two implants that were
replaced, and then we went to a dermal fat graft, which I felt I should have done
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earlier. She achieved a very nice result. On the next office visit her mother said, my
daughter wants to ask you a question, Dr Ellis. And I said, “What?” She said,
“When I go to school will my classmates call me butt eye?” And I said, “I don’t
think so.” I had never heard of this before. “Where did you get that expression?”
etc. etc. And then I looked at her for a moment and knowing her personality and
so forth, I said, “You are going to tell them, aren’t you?” She said, “unh hunh”.

Dr Haik: I am very thankful for what you have taught us about fat dermis grafts
in small sockets, in kids with microphthalmia or relative anophthalmia. It really is
the only thing that grows and gives them a great result. I’ve only had one that had
overgrowth of the fat dermal graft, and that was a child who went on high dose
steroids for asthma. In fact, as she got fat, it also hypertrophied the fat in the orbit.

Dr Katowitz: We’ve seen that in adults when you do a dermis fat graft you are
always expecting atrophy. So when we started out, we were over-correcting in
kids. Now we have learned not to be so aggressive about it, because they are going
to grow and, correspondingly, the grafts will grow. A certain proportion will gain
weight and have that happen in the orbit as well so that debulking may be needed,
which is a simple procedure.

There is something I thought I would bring up in terms of subperiosteal abscess
formation. Does this require drainage automatically? What does the panel think
about this?

Dr Wilson: In children who are less than a year to two years of age who present
with an abscess, you can watch those abscesses on the appropriate antibiotics.

Fig. 2. Dermis fat graft. Mark out area to be removed. Dermabrade surface epithelium. Remove
larger diameter of fat than dermis (Reproduced by courtesy of the publishers from Oculoplastic
Surgery, Katowitz JA (ed), Springer-Verlag 2002). Suture graft to rectus muscles and Tenon’s
membrane and conjunctiva.
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They are often caused by one bug and often respond to meds. Whereas in the older
patients like teenagers, they tend to be polymicrobial, mixing anaerobic and aero-
bic, frequently not clearing on antibiotics. Those are the ones that you usually end
up having to drain.

Dr Katowitz: Right. The pediatricians don’t automatically get a scan when you
get preseptal cellulitis. They just treat it with antibiotics. The ENT people do the
same thing. We started at The Children’s Hospital in Philadelphia to look at some
of the cases that for some other reason had a scan at the same time, or with a
concurrent preseptal cellulitis, and we were surprised to find that a fairly high
percentage of kids with preseptal cellulitis really had what was probably an effu-
sion. Fortunately, without a scan, no-one was aware of the effusion, so nobody was
going to go in and start draining these things. And then Jerry Harris’s landmark
paper appeared and emphasized the points that you presented, namely, that chil-
dren below age nine can usually be treated safely with antibiotics alone, precisely
because of what you were saying in terms of the type of bacteria.2 Also as the ostia
of the sinuses get larger after that period of time, there is more chance for anaero-
bic bacteria to get up into that area. That was the point. I did want to finish with
this just to demonstrate that you really have to watch out. You can’t have hard
and fast rules. We had a child who was immunocompromised because he had been
on systemic steroids for a long time, about 25 mg a day for six months. He came
in from another hospital with an orbital cellulitis problem that didn’t respond to
antibiotics (Fig. 3). He had been treated and not drained by the traditional rules.

Fig. 3. Cavernous sinus thrombosis. Proptosis and inflammation, left orbit. Dilated episcleral
vessels from cavernous sinus thrombosis. Subperiosteal effusion/abscess below roof. Drain in
orbital space.
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Interestingly enough, he had a whole effusion here (we weren’t sure what it was)
below the roof, and if you go back to Jerry Harris’s article, they do say that
anything superior, close to the frontal sinus, should be drained. But this was not
drained at the time, and he presented with a cavernous sinus thrombosis. He was
only light perception vision in this eye and the ENT doctors rushed him to the OR
as soon as he came in. We got copious amounts of pus out. They went from inside.
We went above to get more of this. We put a drain in. But he was basically almost
NLP, even after the surgical effort. So, you have to be flexible and you have to be
aware. It’s nice to have published indications, but you have to realize what the
conditions are and respond to the given situation. Thank you.
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Questions and Answers

Plastic surgery update II

Presiding Physician: Constance Fry, MD

Dr Fry: Do you use absorbable or permanent sutures when you are doing ptosis
repair for levator advancement and such?

Dr Ellis: For levator resection?

Dr Fry: Resection or advancement.

Dr Ellis: I use absorbable sutures for kids. I usually use 5-0 vicryl suture, three
double-armed sutures to reattach the aponeurosis to the tarsus. I don’t think I
have ever used nonabsorbable sutures for that. I don’t think there is any real
theoretical reason not to use them if you want to. But tissues in kids stick together
easily, as Dr Katowitz pointed out earlier. I have never had one come loose, I think,
that I could attribute to the suture.

Dr Katowitz: I agree completely. The nonabsorbable sutures have been used, rec-
ommended in adults for aponeurosis repair, and so forth. I am always a little
concerned that it is going to cheesewire out and I like having some inflammation.
Byron Smith used to, and some oculoplastic surgeons in New York city still use
6-0 silk, because it creates a little bit of inflammatory reaction. It stays buried and
doesn’t present any problems. I have gone with 5-0 most of the time, although I
must ask the pediatric consortium here, if 6-0 holds a rectus muscle, why shouldn’t
it hold the levator muscle? I have, on occasion, used it. But I don’t like the needles
on it much. It makes it more difficult. But I’m curious about that.

Dr Ellis: It is probably adequate, but kids are more prone to eye rubbing and
phenomena of that type, including trauma. I just feel a little better with the 5-0. I
don’t think I could prove that it is any better, but it makes me feel better.

Dr Fry: The next question is for Dr Haik and Dr Wilson. On which patients do you
get retinoblastoma or genetic testing?

Dr Wilson: Right now for patients who are unilateral sporadics, the best we have
to go on is testing against a library of known gene defects. So, if there is no
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apparent carrier, you can’t test the child against the parent. Therefore, what you
are left with is to test the fetus in utero, sampling either with amniocentesis or CVS
to make a prenatal diagnosis. Or, you might use in vitro testing. In New York right
now, David Abramson and his group have just reported the first cases of using in
vitro fertilization diagnosis to produce children who are retinoblastoma-free, from
parents who have retinoblastoma.

Dr Haik: There is not a simple test like a dipstick thing. You would expect there
would be at this point. But right now, to fully test someone, they charge, $10,000.00
for gene linkages. It is really not as simple or as easy as you would like, and you
need DNA from multiple generations.

Dr Wilson: And with that, you can’t be certain, even if you screen against the
libraries that exist. Because you are then assuming that your patient’s defect is one
that has been reported earlier and that it can be found on linkage studies.

Dr Haik: The most frightening thing is how few people take genetic counseling
seriously in retinoblastoma. Survivors of retinoblastoma have very little compunc-
tion about having children and having affected children. We have one dad who
has three different wives with three different bilateral retinoblastoma children.
They don’t even know they are even at risk until later in life. I think we had a 14-
year-old girl last week who had a child with bilateral retinoblastoma. The boy-
friend, 18 years old, was blind from retinoblastoma. And there is another one
coming this week. It’s amazing. We sit there and drill it into them. One of the
reasons I don’t ever like to discharge a retinoblastoma patient is not because I am
going to do anything for their eyes, but I want to make sure that I counsel them
when they are 14, 15, 16, 17, 18, 19, and 20. And we usually ask them to come in
with their prospective spouses and sit down and have somebody formally go
through it. Since this is a long time period you are talking about, the doctor who
treated them at one may not be there at 19, because people move around the
country so much. The parents are gone and nobody remembers what was said 17
years ago. We must have 30 people who have affected children, an amazing num-
ber. Not just one. They will have two, three children. One family had five. You just
wonder what they are thinking. You can push as hard as you want, but that is all
you can do in the counseling.

Dr Fry: The next question can be for anybody on the panel. How often do you
have to repeat your ptosis surgery?

Dr Ellis: I can’t give you an honest answer. Psychologically I just don’t want to
know the answer. When you do early surgery, particularly if there is very poor
levator function, you do have to repeat it. Since I have more gray hair than anyone
on the panel, I have repeated it more than anyone else, if for no other reason than
for my own inadequacy. We had inadequate materials for much of my early career.
We were scrambling to find something that would work. Gene Helveston de-
scribed scleral strips. They all fell down after a while, so we started weaving
Prolene through scleral strips and they fell down a little later, and things of that
nature. I really do like the new materials. Gortex variants have solved a lot of
problems. I’ve used a lot of autogenous fascia. It is the only material, by the way,
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that looks consistently as good at reoperation, as the day I put it in. But even then,
sometimes because of patient growth factors or failure to get the lids high enough,
we do have to repeat this surgery in some cases. The Gortex, though, has a little
elasticity to it. It is just slightly elastic and despite a negative report that came out
of our institution, where there seemed to be an inordinate number of infections
after Gortex, that has really not been my experience. I think you need to close all
the incisions well, though, with Gortex, because it easily becomes infected and will
have to be removed. But I actually like these newer synthetic materials, and I think
they will cut down on the reoperation rate, but not to zero. I would be interested
in Dr Katowitz’s opinion.

Dr Katowitz: Of course it depends on what type of procedure it is. As you can see
from what I discussed, I now use the phenylephrine test to determine which pro-
cedure to use. And with it, the results have gotten pretty consistent. It is not
perfect, but it has been consistent, and I think safer for the patient and we all sleep
much better at night. Levator surgery can be wonderful, but it also has its vicis-
situdes and it depends upon having an adequate amount of levator function. In-
adequate function and consequently poor results is why more and more people are
moving toward frontalis suspension, even with 6 or 7 mm of function. You don’t
get as much lagophthalmos, it’s relatively predictable and it’s easy to fix if you
have to make an adjustment. We do very, very well with the modified Fasanella-
Servat procedure, which I have moved to, as I say, for those reasons. I would like
to ask one question, though, of Dr Ellis and the rest of the panel. What should our
end point be in terms of analyzing whether we have a successful procedure with
the frontalis suspension? I originally used to think, well, it should be without
using the frontalis. But if you do that, then you are going to find many, many more
unsuccessful results. The other thing is that, most of the time, patients have a
lifelong habit of using their brows anyway. My personal feeling is that it probably
should be measured with some use of the brow. But I would like to hear what your
thoughts are, Darryl, and the rest of the panel.

Dr Ellis: I didn’t actually hear the very last sentence you said. Could you repeat
the last sentence.

Dr Katowitz: I basically now like to look and see. I don’t want to say, look at the
patient when they are using maximal brow because most people aren’t going to
walk around and tolerate that. But you have to include some brow use when the
patient is evaluated. I don’t have a good hard and fast rule for this. That’s why
I am asking you. You’re wiser and more experienced.

Dr Ellis: I don’t think so, but I do probably what you do with very poor levator
function and whatever type of suspension procedure I am using. I generally pull
the darn lids up as high as I can get them. And I have never, ever had to undo a
suspension procedure that I pull too tightly unless I thought there was a very high
probability of that to start with, such as with a third nerve palsy, or something like
that, an inadequate Bell’s phenomenon or something. And I have taken a few
down, but very few, a handful really, in my entire career. The whole problem is
not getting them high enough. As long as they are symmetrical, they look pretty
good, and they can get good elevation with their brows. I think that is pretty good,
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and I don’t see much of a way to improve on that, frankly. A bigger problem, I
think, is when you have relatively normal levator function on one side, and very
poor function on the other. Do you do it bilaterally? Do you extirpate the normal
levator? I have my own opinions and I rarely do, may never do, any extirpation,
but I will, on occasion, put a bilateral suspension procedure in. I’d like to hear
your comments on that.

Dr Katowitz: I must say that I usually present the family with these choices. Dr
Crowell Beard is the one who presented this concept of bilateral surgery and
essentially destabilizing both levators, if you have a normal one, essentially weak-
ening it so that you are going to get a symmetrical result. And recently, I guess two
years ago at the Academy, Richard Dortzbach presented a paper discussing am-
blyopia being more prominent when you do just unilateral, because if you have
one good eye and then the tendency to want to use the brow on the other side
without patching may be a problem. In general, I explain all this to the parents. I
am sure it is the way you present it. But I have never had anybody say that they
wanted bilateral surgery, among the parents. Most of the time, we have been
pretty satisfied both by appearance and in terms of the amblyopia issues. How-
ever, I must say that we haven’t done a really good study to go back and look at
the specifics, so it may be my own anecdotal impression.

Dr Wilson: I agree. I think very rarely do parents want the normal eye operated
on, especially if one eye is more severely affected than the other, or the other eye
is normal. And even after going through the consent and the options, they are
usually going to elect unilateral surgery.

Dr Fry: I think we probably have time for one more question, and that is to Matt
and Barrett. If chemoreduction has really replaced external beam radiotherapy as
the main treatment for retinoblastoma, when do you recommend enucleation? Do
you ever recommend it primarily? And how often do you have to go to enucle-
ation after you have tried everything else?

Dr Haik: Maybe I will try the front part and let Matt do the second. It has been
a real change to go from a mainstay of radiation to a mainstay of chemotherapy.
There are a couple of reasons we can do it. One, it is so much safer to give che-
motherapy today than it was 20 years ago. Twenty years ago, the Children’s
Cancer Study Group did a study to look at enucleated patients with retinoblas-
toma. And 10% of patients would still die, despite enucleation. And that is because
they had micrometastasis. So, they set up a study group where they would put
every other enucleated patient into chemotherapy. They killed more kids with the
chemotherapy than they saved. So after about six months, the study was aban-
doned. That was before you had epogen and neupogen, and all these stimulatory
factors. That was before you knew how to monitor chemotherapy well. The last
child I lost from a chemotherapy complication must be 16 or 17 years ago. We
don’t have any children die of micrometastasis anymore. Our children all survive.
We have not had a single death in any of these that have been treated on this
protocol we are using. So, we know we are treating selectively the 10% that have
micrometastasis. We have had no new tumors develop in the eyes while the kids
were on chemotherapy. So, we know that we are prophylactically preventing
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multiple tumors from developing during that time. It doesn’t mean some won’t
come when you stop the chemo, but it is a much lower rate than it would be
otherwise because they are older. We have delayed radiation, when it has been
necessary, until after the first year of life, which really reduces the incidence of
second cancers. And the chemotherapy seems to have eliminated the trilateral
retinoblastoma, the pinealoblastoma, that little thing deep in your brain that con-
trols melatonin and everything; it looks just like retina and can cause its own
tumors. We haven’t had a single one of those since we started chemo. So, the
chemo and whether or not you are still going to take an eye out – they are almost
two totally different questions, because one, you are treating systemically. We do
lose eyes, and Matt, maybe you can expound on the ones we lose.

Dr Wilson: I think the chemotherapy is what is going to make me bitter in 20 years
and crazy. I started training in oncology in 1995, and that was the transition. I
trained with John Hungerford, and if you have ever heard John speak, he is very
much a British curmudgeon. And John said that we are taking a disease we under-
stand and making it more complicated. And I think we have. But we have to do
it because of what we know retrospectively about the external beam. I don’t think
the full story of chemotherapy is understood yet. Especially when you look at
what is now being proposed by the Children’s Oncology Group, which is going
back and looking at using radiation again. I think there are other forms of chemo-
therapy to be explored. We are looking at that in our current research and looking
for drugs that are less toxic to the children and that may provide for better efficacy
in tumor control. Since we started using primary chemotherapy for multifocal
disease, we have had a 70% ocular salvage rate. The visual results of that will be
probably forthcoming in about three years’ time, because Ret 3 started in 1990, a
year before I joined Dr Haik. So those visual data will start appearing. Again,
when you start treating these children, we have only had one child at presentation
that we have enucleated primarily. That was because of the extent of involvement.
The eye was filled, very similarly to the slide that Dr Haik showed during his
presentation. And the MRI was very suggestive of optic nerve extension. And that
changed the chemotherapy we gave, because the chemotherapy we give, carboplatin
and vincristine to chemo reduce, is not the chemotherapy you give to treat the
high risk disease that has high potential for metastasis. So that was the reason for
the change in protocol.

Dr Haik: We do enucleation. There are two children in the one hundred that we
have had in whom we had to take both eyes out. So we had two blind children out
of the last one hundred we saw. That sounds bad, but it’s actually pretty good.
We used to have a lot of bilateral enucleations. They wouldn’t necessarily come
at the same time, but they would come within a period of time. So almost all the
kids we have seen, we have been able to save one useful macula. I would say that
most of them will be able to pass their driver’s test. Most of them will be able to
do something in school. But it is very labor-intensive. I think there is still a ques-
tion about whether unilateral should be treated with chemotherapy. Obviously, if
they are hereditary or very young, there are stronger arguments for than against
using it. But there is a lot of controversy in that area.
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The selective laser trabeculoplasty laser and its role in rational
glaucoma therapy

James B. Wise

Oklahoma City, OK, USA

Abstract

The selective laser trabeculoplasty (SLT) laser irradiates the trabecular meshwork with a 3-nsec
pulse of light at 532-nm and a 400-µm spot size. Of 322 consecutive eyes treated with SLT, 257
met the follow-up criteria of primary open-angle (POAG) or low-tension (LTG) glaucoma, at
least six weeks’ follow-up, no change in therapy after SLT, and one session of SLT. Most of the
intraocular pressure (IOP) decrease occurred within six weeks of SLT, and the IOP decrease
persisted for at least one year. In POAG, equal pressure decreases of 26-27% were seen in eyes
with and without prior argon laser trabeculoplasty (ALT). In LTG, IOP decreased 21% to an
average post-SLT IOP of 11.9 mmHg at one year. A 27% decrease in IOP occurred in 39 eyes
with POAG receiving no topical glaucoma therapy before or after SLT. Surgery was required in
5% of eyes having SLT. Since POAG is due to trabecular meshwork (TM) impairment, and since
current topical glaucoma medications do not improve TM function, ‘maximum rational glau-
coma therapy’ consists of improving TM function with the SLT laser, improving uveoscleral
outflow with a prostaglandin, and decreasing aqueous production with a long-acting beta-
blocker, giving the drops five minutes apart in the morning. This gives 24-hour IOP coverage,
excellent compliance, and the majority of IOP lowering possible with non-surgical therapy.

Introduction

Argon laser trabeculoplasty (ALT) for open-angle glaucoma (OAG) was first de-
scribed in 1979,1 with confirming reports in 1981.2-4 Since then, ALT has been the
subject of hundreds of reports and has been used millions of times throughout the
world. ALT consists of spacing about 100 argon laser microburns of 50 µm diam-
eter 360º around the trabecular meshwork (TM). Each microburn shrinks the col-
lagen of the TM and creates a permanent contracted microscar. The collective
shrinkage of these microscars reduces the circumference and therefore the diam-
eter of the TM, pulling open the inter-trabecular spaces and increasing outflow.1
ALT has a failure rate of about 50% after five years, but is capable of controlling
OAG for ten years or more in some eyes.5 Because ALT causes microscars in the
TM, it has limited repeatability.
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The selective laser trabeculoplasty (SLT) laser uses a 532-nm wavelength, ob-
tained from a frequency doubled q-switched neodymium-yttrium-garnet (Nd:YAG)
laser, and a 3-nsec pulse to irradiate the TM with a 400-µm spot. Fifty of these
confluent spots are spaced in 180º of the TM, or more recently, about 100 spots in
360º of the TM. This ultra-short pulse is only absorbed by pigment granules or
pigment-containing cells in the TM,6 altering these structures so that they can be
removed by macrophages. This cleans out the obstructing pigment and also stimu-
lates re-population of the trabecular beams by new endothelial cells, increasing
outflow. The very different characteristics of the two lasers are compared in Table
1. The SLT laser causes no scarring of the TM in experimental animal eyes or in
human eyes.

In a prospective study, Damjii et al.7 showed that, in glaucomatous eyes with no
prior laser therapy, ALT and SLT produced equal pressure reduction at three and
six months post-laser. In eyes with prior failed laser trabeculoplasty, SLT was
more effective than repetition of ALT. At six months, SLT produced a pressure
reduction of 8.4 mmHg or 33.5% reduction from the pre-laser pressure, versus a
pressure reduction of 2.6 mmHg or 9% produced by a second ALT. Latina et al.8
found SLT to be equally effective in eyes with and without prior ALT. In Norway,
SLT has produced control of IOP in OAG for up to four years.9

My investigation of SLT concerns a consecutive series of 322 eyes with glau-
coma, starting with the first eye treated in August, 2001. To be included in the
analysis, eyes had to meet four criteria: they were required to have a diagnosis of
either primary open-angle glaucoma (POAG) or low-tension glaucoma (LTG); at
least six weeks’ follow-up; no change in medical glaucoma therapy after SLT,
including eyes with no therapy before or after SLT; and one session of therapy
with the SLT laser. These criteria were fulfilled by 257 eyes. Excluded were 65

Table 1. SLT laser versus ALT: various ratios

SLT laser Argon laser (ALT)

Spot size 400 µm 50 µm
Relative spot area 64 1
Pulse energy 1 mJ 50-100 mJ
Relative energy density 1 3200-6400
Pulse duration 3 nsec 100,000,000 nsec

Table 2. SLT response over time, 257 eyes with POAG or LTG

Time post-SLT Average IOP mmHg

Pre-laser 20.5
First week 17.9
1-4 weeks 16.4
6 weeks 15.5
3 months 15.1
6 months 14.7
9 months 14.9
12 months 15.3 (56 eyes)
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eyes, including 34 in which medical therapy had been decreased or increased after
SLT, 19 eyes which had had a second SLT (but which were included in the series
after their first SLT), and 12 eyes which did not have POAG or LTG, including
seven eyes with chronic angle-closure glaucoma, four with pseudoexfoliation glau-
coma, and one eye with pigmentary glaucoma.

Most of the time, the SLT laser produces a more gradual decrease in IOP than
ALT does. Table 2 shows the average IOP at various time periods after SLT. About
80% of the IOP decrease occurs by six weeks post-SLT, with the lowest IOPs being
recorded at six months post-SLT. Because the IOP curve is nearly flat from six
weeks to one year post-SLT, later tables contain a ‘last IOP’ column, which records
the last IOP in the time period from six weeks to one year, allowing for inclusion
of all patients in that category who have had at least six weeks of follow-up.

Table 3 presents the results of 85 eyes with no prior ALT, compared to 87 eyes
which had had prior ALT. All ALT treatments were at least one year prior to the
SLT, and many of the ALTs took place five to 15 years prior to the SLT treatment.
The pressure decrease was very similar in absolute IOP decrease and percentage
IOP decrease at all time periods in the table. Only two of the eyes with no prior
ALT had a second SLT, and none had a trabeculectomy, while six of the eyes with
prior ALT had a second SLT and seven went on to trabeculectomy. In general, the
eyes with prior ALT had had glaucoma for many years and had more advanced
glaucoma damage, so that a lower IOP was required for adequate control. If this
low IOP was not achieved by the SLT treatment, then additional therapy was
required. In both groups, the average IOP was lowered to the 16 mmHg range by
SLT, which is low enough to be safe in eyes without advanced glaucoma damage.

LTG was treated with the SLT in 86 eyes (Table 4), 39 of which had prior ALT
and 12 of which had prior trabeculectomy. The average IOP at one year was 11.9
mmHg and the average last IOP showed a 21% decrease. Only two of these 86
vulnerable eyes have so far gone on to trabeculectomy.

The SLT laser seems to be effective, even in eyes with prior trabeculectomy.
Table 4 records 28 such eyes, with 23 eyes having had prior ALT as well. Twelve
of the eyes had LTG and 16 had POAG. A 30% average IOP decrease was obtained,
and only one of these eyes underwent another trabeculectomy.

Table 5 compares 180º or 210º treatment in 87 eyes, using an average of 67 SLT
spots, to one-session 360º treatment in 77 eyes, using an average of 105 SLT spots.
Prior ALT had been performed in 37 eyes in the first group and in 45 eyes in the
360º therapy group. This was not a randomized comparison, as eyes with prior
ALT and/or more severe glaucoma were more likely to be treated 360º. In Table

Table 3. SLT response in eyes with and without prior ALT

85 eyes, no prior ALT 87 eyes with prior ALT

Pre-laser average IOP 22.3 mmHg 22.1 mmHg
Six weeks average IOP 16.8 16.5
Six months average IOP 15.7 15.5
One year average IOP 16.0 16.2
Last IOP (% decrease) 16.4 (-26%) 16.1 (-27%)
Re-treatments with SLT 2 eyes 6 eyes
Trabeculectomies 0 eyes 7 eyes
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5, the results were similar, but as time went by, many of the eyes treated 180º
when the SLT laser was first obtained, according to the recommendations in the
laser manual, required re-treatment. In my extensive experience with ALT, 360º
treatment is much more likely to achieve long-term IOP control, and all eyes that
achieved control for five to 20 years had 360º ALT. SLT treatment 360º causes less
uveitis and pressure rise than 360º ALT. I now recommend 360º SLT treatment in
most eyes requiring laser therapy. This spreads the outflow burden over the whole
TM, rather than just over half of it. Very heavily pigmented TMs in pigmentary
glaucoma and pseudoexfoliation glaucoma respond very well to ALT, which is
preferred in these less common types of glaucoma.

Table 6 shows SLT results in eyes receiving no medical glaucoma therapy before
or after SLT. Most of these eyes had received topical glaucoma therapy in the past,
but were unable to tolerate it. Eyes intolerant of therapy were taken off therapy for
at least three weeks if receiving beta-blockers or prostaglandins, and for at least
one week if receiving short-acting medications such as brimonidine or topical
carbonic anhydrase inhibitors (CAIs), before treatment with SLT. Most eyes had
been off therapy for three months or more, and ten eyes had never received a drop
of glaucoma therapy. A 23% IOP decrease occurred in eyes with LTG, and a 27%
IOP decrease occurred in the three groups containing POAG alone or POAG plus
LTG. Only one eye, from the never-medicated group, required medical therapy. It
was well controlled by SLT plus latanoprost.

Eighteen eyes were re-treated with SLT. All had initial 180º treatment. Of these

Table 4. SLT in low-tension glaucoma and in eyes with prior trabeculectomy

86 eyes LTG 28 eyes prior trabeculectomy

Prior ALT 39 eyes 23 eyes
Prior trabeculectomy 12 eyes All eyes
Pre-laser IOP mmHg 16.8 18.9
Six week IOP mmHg 12.9 14.0
Six month IOP mmHg 12.7 13.4
One year IOP mmHg 11.9 (12 eyes) 13.3 (9 eyes)
Last IOP mmHg (% drop) 13.1 (-21%) 13.3 (-30%)
Trabeculectomy or re-treated 2 eyes trabeculectomy 1 eye trabeculectomy,

2 eyes re-treated

Table 5. Comparision of 180° or 210° SLT versus 360° SLT in POAG

87 eyes, 180° or 210° 77 eyes, 360°

Prior ALT (%) 37 eyes (43%) 45 eyes (58%)
Average number of pulses 67 105
Pre-laser IOP mmHg 22.0 22.7
Six month IOP mmHg 15.3 16.0
Last IOP mmHg (% drop) 15.8 (-28%) 16.7 (-26%)
Trabeculectomy or retreated 3 trabeculectomy, 4 trabeculectomy,

6 retreated 0 retreated
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18 eyes, five had the other 180º treated, while the other 13 eyes were treated 360º,
including the area of previous SLT. An average IOP drop of 15% was obtained,
and three eyes required trabeculectomy. In early retreatment after ALT, failure is
common, while in eyes which have been successful for several years after ALT and
then fail, re-treatment with ALT is usually successful again. Some eyes will simply
not respond to laser treatment or re-treatment. The true test of SLT repeatability
will come three or four years later, if SLT then shows late loss of control.

Of 357 eyes treated with SLT by me from August 2001 to the end of 2002, with
no eyes being excluded, 18 required trabeculectomy. Four of these eyes were in the
group of 12 excluded from IOP analysis because they did not have POAG or LTG,
and this group included some very damaged TMs. Of the other 345 eyes, 14, or
4.1%, required surgery. Thirteen eyes had far advanced glaucoma, and while their
IOP decreased, it did not reach the target IOP. Eight eyes had a poor response,
with a post-SLT IOP greater than 24 mmHg. While not all eyes receiving SLT were
surgical candidates, many did avoid surgery after SLT.

My experience with the SLT laser indicates that it is effective and well tolerated.
It is usually effective in any glaucoma with an open angle, including eyes with
prior ALT, prior trabeculectomy, and even some eyes with prior diode laser
cyclophotocoagulation. Most of the IOP decrease occurs six weeks after SLT, and
control persists for at least one year. After SLT, an average IOP decrease of 26%
to an average of about 16 mmHg occurred in POAG, and an average IOP decrease
of 21% to an average of 11.9 mmHg at one year occurred in LTG. In eyes on no
glaucoma therapy before or after SLT, an IOP decrease of 27% occurred in POAG
and of 23% in LTG.

The current medical therapy of glaucoma has several significant weaknesses.
Although impairment of TM outflow is the primary cause of POAG, current medi-
cal therapy does not address this. The topical medications commonly used are
either aqueous secretion inhibitors (beta-blockers, brimonidine, topical CAIs) or
uveoscleral outflow enhancers (prostaglandins). Only the rarely used and poorly
tolerated miotics increase outflow through the TM. Glaucoma therapy must be
effective 24 hours a day, but many medications (betaxolol, brimonidine, topical
CAIs, unaprostone) are short-acting and must be applied two or three times a day.
If any such drops are missed (and they will be missed), then IOP spikes will occur.
Only the non-specific beta-blockers (timolol, levobunolol) and major prostaglan-
dins (latanoprost, bimatoprost, travaprost) are true once-a-day medications, and
they should therefore be preferred.

When aqueous production, and therefore aqueous outflow through the TM, is
severely reduced, as after cyclodialysis, TM function will become severely im-

Table 6. No glaucoma medical therapy before or after SLT. All LTG plus all POAG, POAG with
or without prior ALT, LTG, and POAG with no ALT

39 POAG, 13 LTG 39 POAG 13 LTG 24 POAG

Prior ALT 17 eyes 16 eyes 1 eye no ALT
Pre-laser IOP mmHg 21.2 22.5 17.2 23.2
Six month IOP mmHg 15.5 16.0 13.3 16.1
Last IOP (% drop) 15.6 (-27%) 16.4 (-27%) 13.2 (-23%) 17.0 (-27%)
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paired. If a cyclodialysis is surgically repaired, restoring aqueous production, very
high IOP typically occurs because of poor TM function. Current medical glaucoma
therapy to some extent mimics the effect of cyclodialyis. The aqueous secretion
inhibitors, especially in combination, markedly reduce aqueous production. The
prostaglandins shunt the remaining aqueous humor around the TM and out through
the uveoscleral outflow pathway. In addition, preservatives such as benzalkonium
are toxic to the ocular surface and possibly to the TM as well. These theoretical
considerations suggest that medical glaucoma therapy as currently practiced may
cause TM damage over the years.

The SLT laser directly improves TM function and causes no scarring. Because of
the problems with medical therapy discussed above, a strong argument can be
made for using the SLT laser as the primary therapy for glaucoma, with medica-
tions being used only if SLT does not achieve the target IOP six weeks post-laser.
Also, ALT and SLT are covered by insurance plans, while expensive eye drops are
often not covered. Patients in the glaucoma age group are often taking expensive
multiple systemic medications, and since their eye drops are irritating and do not
improve their vision, compliance with medical glaucoma therapy may not occur.

SLT as primary therapy offers many advantages. It directly treats the primary
glaucoma lesion which is TM impairment, it eliminates compliance problems, it
eliminates the irritation and allergies of topical medications, and it eliminates tox-
icity from preservatives. It is effective 24 hours a day for years. In theory, cleaning
out the TM and increasing aqueous flow through the TM may actually be benefi-
cial to the TM.

If topical medical therapy does become necessary, I propose the concept of
‘maximum rational medical therapy’. This consists of increasing TM outflow with
360º SLT, increasing uveoscleral outflow with a major prostaglandin such as
latanoprost, and reducing aqueous production with a long-acting beta-blocker such
as levobunolol. This gives three synergistic modes of action with only two drops
per day. The drops should be given five minutes apart each morning. This com-
bination is usually well tolerated, not too expensive, and has excellent compliance.
It will produce the majority of the IOP lowering obtainable with non-surgical
therapy. I have many patients well controlled by this ‘maximum rational medical
therapy’.

Once maximum rational therapy is being given, additional therapy can only
consist of short-acting aqueous suppressors given two or three times a day. These
are very expensive and unlikely to improve 24-hour control very much. Glaucoma
is a life-time disease, and therapy must be affordable and tolerable. If the target
IOP is not being obtained by ‘maximum rational medical therapy’ and the eye is
showing evidence of progressive glaucoma damage, trabeculectomy should be
considered rather than multi-drug, multi-dose additional medical therapy.
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Questions and Answers

Presiding Physician:  Daniel A. Long, MD

Dr Long: Dr Wise, the question came up, when is the earliest you would re-treat
with SLT? How long would you wait?

Dr Wise: If I had treated 360o and they really didn’t respond, I’m not sure I
would re-treat them at all. If I did 180 and I decided I didn’t get what I wanted
after about six or eight weeks, I might do the other 180. But, again, if you don’t
get very much response in the short term, re-treatment is probably not going to do
a lot. There are people out there who just don’t respond to the laser. The place to
consider re-treatments are those patients coming in two or three or four years later.

Moderator: Dr Nichamin, could you repeat or really quickly give us the settings
you like to use when you are doing a vitrectomy. You went back and forth be-
tween different settings while you were doing your vitrectomy. Could you give us
what those settings usually are?

Dr Nichamin: My slides were pretty general. Again, the concept when removing
vitreous is to use the lowest possible vacuum that will allow you to effectively
bring material into the cutting port, and the highest possible cutting rate. Most
modern cutters will cut anywhere from 750 up to 1500 cuts per minute, or faster.
The cutting rate is all the way up when removing vitreous and we’re using the
lowest amount of vacuum that it takes to actually engage vitreous. That is typically
in the 50 to 100 mmHg rate. This is going to depend a little on your system – the
type of pump you have and the machine. Again, you want to use as low a vacuum
as you can. Then, when engaging lens material, the cutting rate goes down, chop,
chop, chop, in order to be able to get that harder material into the cutting port, and
your vacuum goes up, sometimes up to 150, perhaps 200 mmHg, just temporarily
to engage that material. As you know, we can click over to the side and just have
aspiration rather than cutting. That can be effective for engaging a little piece of
nucleus, and then kick back to a cutting mode and aspirate that away.

Moderator: We are going to wrap up the morning session now.
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Questions and Answers

Refractive update

Presiding Physician: Marguerite B. McDonald, MD

Dr McDonald: How would you use CK, Skip, to modulate astigmatism after PKP?
Have you tried that?

Dr Nichamin: That is a very good question. I personally have not treated a patient,
but I have two scheduled, and I know of several other surgeons who have at-
tempted treating astigmatism in this setting, and I can share with you, as you
might imagine, what you don’t want to do is place the CK probe in the graft/host
junction. That is essentially the new limbus for the cornea, and I am aware of
several surgeons who have treated post-PKP inside, just inside the graft/host junc-
tion on the flat meridian, and they have had good results so far, but very early on.

Dr McDonald: The question is coupling.

Dr Nichamin: The question is coupling with CK, and yes, that’s why we are
looking for hyperopic patients. We get an overall steepening, even with the indi-
vidual astigmatic spots.

Question from Audience:

Dr Nichamin: I don’t know the exact answer to that. But what you can do with
CK, because it is so simple, is titrate your treatments. We use intraoperative kera-
toscopy to apply the spots, round up the mire, actually overcorrect the mire, and
we come back and place more spots as necessary.

Dr McDonald: Two questions for Howard and Skip. Number one, what do you
think about endolaser cyclophotocoagulation; and two, if you were to have an IOL
yourself, which one would you have?

Dr Fine: First, endolaser photocoagulation. We have found this to be an inordi-
nately useful tool. We address almost all our coexisting cataract glaucoma patients
with this; we utilize it in all our pseudophakic patients. There are a variety of other
uses as well for the endoscope. I know that Dr Richard Mackool operated on one
of his parents and had unremitting inflammation. He used the endoscope and
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found a hidden residual chip of nucleus. So, I think this is a fabulous technology.
We wrote about it in our column in Eye World, and I think it is worth the evalu-
ation of every anterior segment surgeon. The question about which IOL I would
want in my own eye would depend on a whole bunch of things. I use about ten
different lenses because we customize for each patient, not only the power of the
IOL, but also the design and the material, and I would most likely leave the choice
of IOL for me to the surgeon who was going to operate on me.

Dr McDonald: Skip, what would you choose?

Dr Nichamin: Very good answer, Howard. I am just gaining familiarity with the
endocyclophotocoagulator. In fact, I would like to share with you that I was at the
Medtronic booth earlier today and we have set up an evaluation. Once Howard
gives something his endorsement, it means a lot to me. I have talked to Dr Mackool
on a number of occasions. It has always been of interest to me that the glaucoma
academic society, so to speak, hasn’t embraced this technology. I am told that the
current iteration of this device is significantly different from the early one which
went through some careful study. So, I am very excited about that. I have to beg
off that question a little. We use a lot of different lenses. We try to tailor the lens
for the patient. I am currently very, very excited about the Tecnis technology that
you have heard about. I think that is the wave of the future, and I would probably
be leaning toward that type of implant for myself.

Dr McDonald: Another question, is CK permanent? Skip, how do you explain that
to your patients?

Dr Nichamin: That’s a very, very good question. Before I got involved with CK,
I really took a long, hard long at the data. I personally went through all the three-
year data that were submitted to the FDA. I went and examined patients. I traveled
with Marguerite down to Mexicali, Mexico to look at some of Mendez’s own
patients. Dr Mendez is the inventor of this technology. We saw patients who were
five and six years out. I think if you compare long-term CK data to the natural
progression of hyperopia that occurs in this population, it would appear thus far
that this is ‘permanent’. Obviously, we only have so much data of a particular
duration at this point, but I feel again, in my heart of hearts, that this is a com-
pletely different animal from that of non-contact lens thermokeratoplasty.

Dr McDonald: Another CK question, can you perform CK in a post-LASIK patient
who is hyperopic, and will CK affect the flap edge and cause gaping there?

Dr Nichamin: Yes. We have treated a number of post-LASIK patients. We have
had no flap problems whatsoever. And I would share with you that the other
interesting thing about CK is that patients are seeing better than they ought to be,
based on their postoperative refraction. Marguerite probably could speak to that
better than I. There is some conjecture that we are creating a larger, more func-
tional optical zone than we do with hyperopic LASIK, but these patients are so
happy. They just see very, very well. What if you have a hyperopic post-LASIK
with a small flap? That’s a problem. You either have to do surface ablation or cut
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a new flap on a flat cornea. That’s a problem. So I think CK post-LASIK is won-
derful.

Dr Fine: Dan Durrie showed that CK patients had better contrast sensitivity than
other modalities than they did preoperatively with the best corrected acuity. So
there is something about this technology that is compelling.

Dr McDonald: This one has already been answered. How long does post-op CK
last on average? Do you tell your patients anything about the future, that they
might ever need a touch-up? Do you ever plant that idea?

Dr Nichamin: I now tell all my refractive patients, myopic patients as well, that if
they don’t have surgery today, it is quite possible that they will be coming in to
have new glasses in a few years’ time, and that they would be forking out over
$300 for new glasses. So, it is important for us to instill in their minds that, al-
though the surgery may be permanent – what we accomplish today with the laser
or with a CK – but mother nature is dynamic and your eyes will change. And
specifically, with the CK population, these are middle-aged low hyperopes. Typi-
cally they were plano and early presbyopes, so they are very frustrated with the
fact that one, they were hit with presbyopia earlier than their classmates, and two,
now their distance vision is waning in their mid-fifties. And we explain to them
that we think the technology we are going to use today is, in fact, permanent,
we’re not sure, but we think it is; however, their eyes will progress. Just as we
develop gray hair and more wrinkles, their eyes will continue to age, and chances
are that they will be back for some additional surgery. They seem to accept it very
well if we put that up front.

Dr McDonald: Thank you both so much. We’re going to take our break now.
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