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It was with great pleasure and humility that I accepted
the invitation to write an introduction to this unique,
definitive, yet innovative volume on ocular trauma.

The field of eye injuries and their management has
appeared over the last quarter of a century to be a
conflict between two opposing forces. On the one
hand, we see the countless new ways that eye injuries
occur, such as by lasers, bungee cords, paintball
games, terrorist bombings, and many others. On the
other hand, we are witnessing a quantum leap effect
in efforts to prevent, catalog, and treat eye injuries.
These include efforts to prevent eye injuries through
legislative and labor-law practices; the use of protec-
tive eyewear on the job, at home, and in sports; and
the massive epidemiological studies of eye trauma
(e.g., the United States Eye Injury Registry). This time
period has also seen revolutionary advances in the
surgical management of ocular trauma: vitrectomy
surgery; endolaser and endoscopy; use of the intraoc-
ular gases, heavy liquids, and silicone oil; keratopros-
thesis and advanced implant surgery; rare earth
magnets and increasingly sophisticated micro-instru-
mentation; powerful antibiotics and anti-inflamma-
tory agents; and many others.

This wealth of new information, techniques, and
data challenges us and calls for a reassessment of ocu-
lar trauma and its treatment. The editors and this new
volume boldly take on the challenge to give us a state-
of-the-art update on ocular traumatology.

The concept, organization, and presentation of this
book are challenging, engaging, and unconventional.

The challenging feature of this text comes through
in its approach to eye trauma, with several chapters
that are unique among similar texts on this subject.

The chapters on the patient’s perspective on eye
trauma, the terminology and classification of eye
trauma, and a rigorously scientific prognostication on
final visual outcome are timely and pertinent. The
editors have the advantage of intensive involvement
in the development of concepts such as the BETT (the
terminology of eye trauma) and the OTS (Ocular
Trauma Score), and this is positively reflected in the
book. The United States Eye Injury Registry Data
Bank has served as a wellspring of valuable informa-
tion on the epidemiology of eye trauma, and this
knowledge also inspires a large section of this text.
Chapters on patient and family counseling, visual
rehabilitation, and medical/legal issues are manda-
tory reading in the context of medical and surgical
practice today.

The engaging aspects of this book are due to the
organized yet free-style approach that draws on the
expertise of eye surgeons and traumatologists from
across the world. The “outline” and “talking points”
approach appears deceptively simple but manages to
convey a huge amount of rigorous and vital scientific
data concisely. The chapters on trauma to specific eye
tissues are refreshing little gems and highlight the
authors’ mastery of their subject. The color pho-
tographs, the appendix, and particularly the sections
on management, “pearls,” “pitfalls,” and “special con-
siderations” have a very immediate and practical
appeal. The critical editing of the text contributes to a
reassuringly complete, polished, final product despite
the huge amount of germane data it encompasses and
the multiplicity of its authors.

Finally, the unconventional style of this volume
breaks with previous writing traditions and, as a

FOREWORD
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result, the editors’ have accomplished their goal of
content that is “easy to find” and “easy to use.” The
authors also assume a “myth-buster” approach to
their subject with a chapter specifically on “myths and
truths” about eye injuries. The open yet business-like
tone of presentation, which reads at times almost like
an e-mail from a good friend, contributes to this new
and refreshing approach. It is interesting that the edi-
tors invite constructive criticism of the text via e-mail,

suggesting that this may not be the final word that we
have heard from them on the subject of ocular trauma.

Z. Nicholas Zakov, M.D., F.A.C.S.
President, United States Eye Injury Registry

Retina Associates of Cleveland
Assistant Clinical Professor of Ophthalmology

Case Western Reserve University School of Medicine
Cleveland, Ohio
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PREFACE

Joseph Murray, a 1990 Nobel laureate once said that a
scientist possesses curiosity, imagination, and persis-
tence. Emil Fischer, a 1902 Nobel laureate thought that
scientific progress was usually not made by brilliant
personal achievement but by collaboration of teams of
researchers. How true both of these statements are of
those who treat patients with eye injuries!

Ocular trauma is a field where there are no controls;
where retrospective reviews substitute for prospective
studies and subjective observations are more common
than rigorous science; where randomization is nearly
impossible but the potential for selection bias is great.

Yet, this is the very beauty of this multidisciplinary
specialty, a wall into which all of us can place our
own brick, if we just keep an open mind, learn from
personal experience, and make these observations
available for others.

This is what Ocular Trauma: Principles and Practice
is, a group of experts sharing their knowledge with
colleagues throughout the world. As such, this book is
simply an updated version of the many wonderful
books previously published. However, we also
wanted to make Ocular Trauma “user-friendly” in its
format, and we very much hope that this attempt was
successful. We encourage all readers to first read the
section on About This Book and Serious Eye Injury: The
Patient’s Perspective. We can learn so much from those
unique trauma experts, our patients.

In the last 50 years, there have been many quiet
victories in the understanding and management of
eye injuries. Unlike more high-profile ocular disease
entities, these victories have typically occurred with-
out multi-million dollar sponsorships or the allure
of heightened clinical revenue. Credit for these

advances goes to the large number of researchers
and clinicians who have decided to study ocular
injuries just like any other eye disease process, and
who, with limited resources, have made priceless
discoveries.

This book is dedicated to the Father of modern
trauma management in the vitrectomy era, Dr. Klaus
Heimann, who unfortunately did not live to see the
day when so many of the people he helped fall in love
with eye injury treatment joined together to write
about the current approaches in this field.

The last decade saw the birth of organizations such
as the International Society of Ocular Trauma, an idea of
Dr. Giora Treister; and, more recently, the founding of
the World Eye Injury Registry, following the path of the
United States Eye Injury Registry. Through Internet
reporting, these organizations indeed make this a
small world.

The editors would like to thank the international
group of experts for their tireless efforts in con-
tributing their expertise to this book. We think their
efforts will be obvious to the readers for years to
come. To the reader we present this book with the
hope that it will offer surprise, comfort, and chal-
lenge. Surprise in the magnitude of new and useful
information about eye injuries. Comfort in the quality
of care that can be offered today to our patients who
present with potentially blinding and disfiguring
injuries. Challenge by identifying the shortcomings of
our current treatment options so that others will
improve on them.

We would like to thank the many individuals
who throughout our professional life and during the
completion of this book have helped, supported,
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inspired, challenged, and encouraged us: Bálint
Kovács, LoRetta Mann, Viktória Mester, Robert Morris,
Brandy Palmerino, and the people at Thieme, Esther
Gumpert, J. Owen Zuerhellen, and, most of all, Vani T.
Kurup. Finally, we thank our families for their sup-

port, and ask for their forgiveness for the countless
hours we spent elsewhere.

Ferenc Kuhn
Dante J. Pieramici
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This book has some notable differences when com-
pared to previous works on ocular trauma. Using con-
tributions by colleagues with special interest, expertise,
and experience in ocular trauma, we wanted to pro-
vide the reader with:

• an up-to-date collection of information on the man-
agement of patients with eye injuries; presented in
a format that is:
� easy-to-find; and
� easy-to-use.

For this reason, we encouraged all contributors to
follow certain guidelines regarding both substance
and format so that the book:

• provides material that is clinically relevant for
daily practice;

• assists the reader who treats patients with eye
injuries in making decisions not only about
� “what to do”,
� “how to do it”, and 
� “why to do it”, but also
� “what not to do”;

• is easy to use because the text is in the form of bul-
leted (•) lists, rather than lengthy paragraphs,
� forcing structured thinking on the authorsa and
� saving the reader from having to “read between

the lines” to find the information);
• highlights information that is especially useful,

via the use of “Pearls”, “Pitfalls”, and “Special
Considerations.”

a Also assuming a similar approach on the reader’s part

b We highly recommend a thorough reading of Chapter 8 as it
contains elements necessary for the clinician to develop a compre-
hensive yet individualized thought process

c This is done in recognition of the fact that life (i.e., trauma) does
not accept excuses on the attending surgeon’s part such as “well, I
know nothing about fixing a retinal break”

We edited the book as best as we could to:

• eliminate duplicate materials; and 
• resolve conflicting information to provide the reader

with a coherent approach.

In addition, we:

• included topics that are never or only occasionally dis-
cussed (e.g., the patient’s perspective; the terminol-
ogy and classification of ocular trauma; predicting
the outcome of severe eye injuries; counseling; reha-
bilitation; designing the management strategyb);

• presented a systematic approach to management on a
tissue-by-tissue basis, instead of the traditional method,
which suggests that the injured eye can be divided
into an anterior segment and a posterior segment;c

• frequently used footnotes, which provide useful addi-
tional information but whose inclusion in the body of
the text would interrupt the logic/flow of the chapter;

• drew extensively on the largest data collection of
epidemiological/clinical information on serious
eye injuries, the United States Eye Injury Registry
and one of its affiliates, the Hungarian Eye Injury
Registry;d

ABOUT THIS BOOK

d This allowed us to communicate information that is relevant
although not necessarily published yet
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• compiled a list of abbreviations; since these all are
grouped together, it is not necessary for the reader to
look for explanations hidden somewhere in the book;

• used color, rather than black and white, pho-
tographs—the latter have very little value in the
context of eye trauma;

• provided an international flavor, not restricting the
list of authors or specific management issues to
what is the standard in a single country (which may
have a rather unique medicolegal environment).

We hope that these measures indeed help the
reader, who is the ultimate judge. We therefore
invite you to send your comments directly to us via
email.

Ferenc Kuhn
Dante J. Pieramici
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SERIOUS EYE INJURY: 
THE PATIENT’S PERSPECTIVE

ELLEN

On August 7, 1998, the American Embassy in Nairobi,
Kenya, became front-page news.

As a child of God and a person possessing strong
faith, I was blessed and did not have to join my
deceased eldest son in Heaven. I heard very little (my
eardrums ruptured); my head, face, and arms were
severely burned and lacerated: the window in our
office blasted spears into my body with such force
that after two years I continue to have small glass
pieces expelled from my face and chest. I was alive –
only to realize that I could not see. The bomb did not
kill me, but it left me blind. I began to bargain with
God for one eye. Please let me have at least one eye.
That would be all right.

I was evacuated to an army medical center in Ger-
many where surgery was performed to close the hole
in the sclera of my right eye. My left eye was lost. I
was then transported back to a United States hospital
for further treatment. For many days I was unaware
of my surroundings, suspended in time with inter-
mittent pain that consumed my energy.

It seemed like hundreds of doctors were pulling,
stretching, directing me to open my eyes, advising me
that they were cautiously optimistic that I would
eventually have useable vision. We learned much
later that, considering the amount of damage I had
sustained, they were amazed that I even had light and
hand motion perception. Only a few years earlier the
ophthalmologists would only have been able to
replace my eyes with a prosthesis.

As time passed, I began to lose hope that I would
ever regain useable vision. I was an independent,
educated and confident person before the bombing,
and the thought of giving up and accepting blindness
was horrible. I was determined to live and continue
my life as close as possible to what it was before the
bomb. We started looking for rehabilitation centers so
I could regain some of my lost independence. A mem-
ber of the NFB threw us a life preserver that started
me back on that long road.

I eventually enrolled in an NFB residential school,
the most difficult thing I have ever done: I was scream-
ing inwardly while accepting eternal blindness. For the
first time in my 52 years, I felt totally alone. I did not

Editors’ note
There are ocular diseases that can be prevented, and there are those that can be treated. For those illnesses that can be
neither prevented nor cured, solace is usually found in the fact that they progress slowly, allowing time for patient and
family to adapt. A blinding injury, however, occurs instantaneously. The physician must possess all attributes of empathy
(see Chapter 5) to truly understand what it means to lose one’s eyesight. During their constant daily flow of activities, it
is rare that ophthalmologists take a break and consciously put themselves in their patient’s place. The best way to open our
own eyes is to read what our patients can teach us.
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want to be in this place, but I had nowhere to hide or
run. The staff was very caring and professional, teach-
ing me the difference between a “blind person” and a
“person who happens to be blind”. 

After 5 months I graduated, and, with my new-
found confidence, began looking for doctors to give
me the miracle of sight that was ripped from me.
After another set of surgeriesa and 2 years following
the bombing, I am slowly regaining usable vision.

I always knew that God would not have me remain
blind. It is amazing to me the relationships bonded
between patients and eye doctors. I guess one’s trust
in the dedication of these specialists forges a strong
sense of personal esteem and hope that they can give
you back a quality of life that was lost.

I firmly believe that each individual has an inner
strength to preserve and achieve wondrous things. It
is unfortunate that it took such a crisis in my life for
me to realign my priorities. I was given another
chance and now I know that personal relationships
are more important than material worth. People are
good and, given the opportunity to shine, they will.

EMILY

It should have been like any other day: wake up, take
a shower, go to work. But as I woke up, it quickly
became obvious that something was horribly wrong.
I wasn’t sure where I was, but certainly not in my bed
at home. I felt indescribable pain throughout my
body. I couldn’t open my eyes.

Through the darkness I heard the voices of two
nurses, trying to gently force my swollen eyelids
open. One nurse said that I was to receive five differ-
ent drops each hour in the right eye. There was no
worry about the left eye since it was gone.

Somewhere in the mental fog, I recalled that my
husband had told me that I was in the hospital
because of some injuries. What a weird dream I must
be having. However, the pain told me that this was
reality. It slowly sank in that I might be blind for the
rest of my life.

Being afraid of the dark took on a whole new
meaning. Fear of the dark had been part of the moti-
vation for Thomas Edison to invent the light bulb.
They say he died many years later with the lights on.
I was afraid that I would not be so fortunate. Having
the lights on would make no difference to me. 

An ophthalmic surgeon came in and told me that
my left eye had an injury that was beyond repair and
that my husband had to give permission to “clean up
the remaining tissues.” No matter how it is said, the

way it comes across is someone taking a knife and
cutting your eye out. My husband said that his mind
went numb and his body physically ached when he
signed the enucleation papers.

The surgeon went on to say that he didn’t know
about the right eye. A piece of metal was lodged in the
eye, injuring internal tissues and causing it to be filled
with blood. The eye had also developed cataract. The
surgeon said that it was impossible to determine with-
out exploratory surgery exactly how much damage the
eye has sustained and how much hope for recovery
remained. 

My husband’s first thought was that I would not
see my daughters grow up, that I would always have
an image of them as children. He said that he had
prayed “If she can’t see to drive, I will take her wher-
ever she wants to go. If she can’t read, I will read to
her. But please, please let her see well enough to
watch her children grow up.” The surgeon described
the upcoming operation as “opening a surprise pack-
age.” If the ciliary body was intact, my eye would
retain its normal size. If the optic nerve was undam-
aged, I should be able to at least detect light. If the
macula was OK, there was hope for useful vision.
Otherwise… I would have to go through life with a
white cane.

While in the waiting room, my husband was com-
forted by a volunteer whose one eye was prosthetic.
He showed my husband that the loss of one eye was
something that a person could live with. The “emo-
tional medicine” we have received has been so impor-
tant to us. The big question was, what would happen
to my remaining eye?

The exploratory surgery revealed an eye with
potential for function and the surgeon went on to
reconstruct it. When I woke up, I saw again. The pic-
ture was not what it used to be, but I saw well enough
to make me the happiest person alive.

Five weeks after the bombing, I had another eye
examination. The surgeon held a strong lens in front
of me. I said that he must be married because I could
make out his ring. My husband, who was with me in
the examination room, told me that he would not
trade being with me that day for the world.

For months afterwards, I had Coke-bottle glasses.
They allowed me to see that there were blobs of food
on my plate, even if I couldn’t tell what the food was.
I was told of a 5% risk of postoperative macular
swelling, and indeed I found myself in that 5%. I can-
not describe the horror and shear panic of waking up
from an afternoon nap with another drastic vision
loss. The macular swelling eventually subsided and I
have not developed severe retinal scarring.

Months later, a second ophthalmologist performed
an operation on the front of my eye, completing the
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miracle. I now have an IOL, but my injured cornea
suffers from astigmatism of six diopters and I have to
wear a special bitoric contact lens. Reading still
requires a great deal of effort. I must look through my
lens implant, my contact lens, strong reading glasses,
and a magnifying glass. When I give a speech, it is
printed in

48-point text – but everything is relative. I
can drive a few blocks to the store. And I will see my
children grow. I thank all ophthalmologists who were
part of my miracles.

During my time in the darkness, I learned what
some people experience their entire lives. My other
senses became more important to me. People were
recognized by the sound of their footsteps, their per-
fume, their voice, and how their face felt. I had to
remember things because I could not write them
down. Even though I had a college degree, I was sud-
denly illiterate: I had to have my medical instructions
read by someone else. I was dependent on someone
else to tell me which door was the Lady’s room. I
learned what it was like to be a prisoner, and no metal
bars were needed to keep this blind person in her
room. I dared not venture outside of my tiny world.

As we grow older, it seems only natural to wish we
were young again. Children have to have someone
hold their hand when they cross the street, be taken to
the restroom, cooked for, dressed, bathed, read to,
and be constantly watched over; children are afraid
of the dark. Being a 42-year-old child is not what you
are supposed to be.

When I went to physical rehabilitation, I recognized
each piece of equipment by touch and the type of pain
it caused, not by appearance. I longed for the day when
I would be able to put a face with each hospital staff
member that I had become so dependent on.

I became aware of how many phrases in the English
language are related to vision. “I see.” “Watch out.” “See
you later.” “Look out.” “Watch where you’re going.”
“What’s the matter with you, are you blind?” “When will I
see you again?” “Her guardian angel is watching over her.”
“The lights are on, but nobody is home.” “He has been kept
in the dark.” “It came to me in a flash.” “You look great.”
“Good to see you.” “Blind as a bat.” And I was blinder
than a bat, if there is such a word as blinder.

Of all phrases, my favorite now comes from the
Bible in John, Chapter 9, also used in Amazing Grace.
“I once was blind, but now I see.” It is such a simple
sentence, but I cannot think of any words that have
more meaning and give more joy.

We live in such a sight-oriented society. Without
sight, there is no beauty. After all, “beauty is in the

eye of the beholder.” Other than the change in tem-
perature, a sunset is pointless. Television and movies
are just not the same when all you can do is listen,
and how do you tell about a rainbow to someone
who has always been blind? I had a new answer for
the age-old question of “Why is the sky blue?” My
new answer was “it isn’t,” just as the grass and trees
are not green, and a fire truck is not red. Clouds no
longer exist during the day; moon and stars no
longer exist at night. In fact, the sky no longer has a
“day.” It is always dark as night. There is no longer
a debate over the ocean being green or blue, murky
or clear, it is just foul-tasting water. Childhood love
poems have no meaning because roses are not red
and violets are not blue.

People who are blind are still people. They are not
deaf or stupid, they just don’t see like we do. You
don’t have to speak louder or more slowly. Some-
times I think that many blind persons are aware of
things that sighted people miss.

Sometimes at night, when I’m in bed and there is
little light in my room, it appears that I have both of
my eyes again. It is my little vacation from vision loss.
But I know that my left eye will still be gone when
daylight returns. There is no real vacation from vision
loss; it will be with me every day of the rest of my life.

Emily’s Husband
Working as a lab and x-ray technician, I soon fell into
the habit of thinking of diseases and injuries instead
of people. A heart attack meant I would be doing car-
diac enzymes; an arm in a sling meant I would be tak-
ing an x-ray. Nameless faces, that’s what they were.

My wife went to work that day like on any other
day, but this time a bomb containing dynamite and
1.5 inch nails detonated. My wife spent 10 hours in
surgery with many surgeons fighting for her life. She
survived, but her life of physical ability was gone.

That first day an ophthalmologist told me that there
was no hope for her left eye. For what seemed like sev-
eral minutes, my mouth started to open to ask a ques-
tion. ”Are you sure?” ”Can we get a second opinion?”
”Please, isn’t there anything you can do?” None of the
questions made it out, because I already knew the
answers. They wouldn’t be standing in front of me if
there were another option. All I could do was slowly
nod my head to indicate that I understood. After the
doctors broke the news with the phrase “we need your
approval to clean up the remaining tissues,” I had to
sign the consent form for them to cut my wife’s eye out.

The emotion I felt while signing the consent form
cannot be described. Sadly, the devastation was not
over. I was told that the right eye was also badly
damaged, although there was some hope. My first
thought was that if there was ”hope,” then there was
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also a chance that she would be totally blind. Sud-
denly, a white cane became the most terrifying object
I could imagine.

I am grateful beyond words for the miracle of sight
that has been restored to my wife. Vision is so much
more than light perception and optics. It is the world.
What impressed me most throughout our ordeal was

the way that the medical staff was able to deal with
our emotions, how they treated us as human beings,
never as nameless faces.

Ellen M. Bomer
Emily Lyons

Jeff Lyons
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xxvii

ABBREVIATIONS

A Appendix
AC Anterior chamber
AIDS Acquired immunodeficiency syndrome 
ALK Automated lamellar keratoplasty
ALT Argon laser trabeculoplasty
APD Afferent pupillary defect
ASTM American Society for Testing and

Materials
BB 0.18 inch-diameter pellet (for air gun 

or shotgun)
BETT Birmingham Eye Trauma Terminology
BSS Balanced salt solution
C3F8 Perfluoropropane gas
CAI Carbonic anhydrase inhibitor
CCD Charge-coupled device (i.e. video

camera)
CDC Centers for Disease Control and

Prevention
CME Cystoid macular edema
CNS Central nervous system
CNV Choroidal neovascularization
CT Computed tomography
ECCE Extracapsular cataract extraction
ECH Expulsive choroidal hemorrhage (see the

first footnote in Chapter 22)
EEM External (electro-) magnet
EIRA Eye Injury Registry of Alabama
EMP Epimacular proliferation (macular

pucker)
ER Emergency room

ERG Electroretinogram
ETDRS Early Treatment Diabetic Retinopathy

Study
EVS Endophthalmitis Vitrectomy Study 
FA Fluorescein angiography
FDA Food and Drug Administration
GFLI Gas-forced liquid infusion
GRIN Gradient index
HECC Hockey Equipment Certification Council
HEIR Hungarian Eye Injury Registry
IBO Indirect binocular ophthalmoscope/y/ic
ICCE Intracapsular cataract extraction
ICD International Classification of Diseases 
ICIDH International Classification of

Impairments, Disabilities and Handicaps
ICG Indocyanine green angiography
ICR Intrastromal corneal ring 
ILM Internal limiting membrane
im Intramuscular
IR Infrared
IOFB Intraocular foreign body
IOL Intraocular lens
IOM Internal (permanent) magnet
IOP Intraocular pressure
iv Intravenous
J Joule
LASIK Excimer laser—assisted in situ

keratomileusis
LMA Laryngeal mask airway
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MMP Matrix metalloproteinase
mph Miles per hour
MVC Motor vehicle crash
MVR Microvitrectomy (e.g., blade)
MRI Magnetic resonance imaging
NA Not applicable
NCAA National Collegiate Athletic Association 
NEI National Eye Institute (U.S.)
NEISS National Electronic Injury Surveillance

System
NETS National Eye Trauma System
NFB National Federation of the Blind
NLP No light perception (vision)
NPO Nothing per os (nothing by mouth)
OTS Ocular Trauma Score
PECC Protective Eyewear Certification Council
PC Posterior chamber
PFCL Perfluorocarbon liquid
PK Penetrating keratoplasty
PMMA Polymethyl methacrylate
p. os Oral/ly
PRK Photorefractive keratectomy
psi pound per square inch
PTK Phototherapeutic keratectomy

PVR Proliferative vitreoretinopathy
RPE Retinal pigment epithelium
PRK Photorefractive keratectomy
RBC Red blood cells
RK Radial keratotomy
RR Relative risk
SCH Suprachoroidal hemorrhage  (see the first

footnote in Chapter 22)
SF6 Sulfur hexafluoride gas
SGMA Sporting Goods Manufacturer’s

Association
SO Sympathetic ophthalmia 
sp. Species
TKP Temporary keratoprosthesis
TON Traumatic optic neuropathy
TPA Tissue plasminogen activator
U Unit
USEIR United States Eye Injury Registry
UV Ultraviolet
VEP Visually evoked potential/response
VKH Vogt-Koyanagi-Harada syndrome
WEIR World Eye Injury Registry 
WHO World Health Organization 
vs. versus
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