
reviewofophthalmology.com

September 2015

R
eview

 of O
ph

th
alm

ology V
ol. X

X
II, N

o. 9 • S
eptem

b
er 2015 • C

ross-L
in

kin
g: S

ettin
g th

e P
aram

eters • W
h

en
 C

ross-L
in

kin
g G

oes B
ad • B

reakin
g th

e D
ry-E

ye C
ode

TIPS FOR PHAKIC LENS SUCCESS P. 71 • MASTERS OF SURGERY P. 52

BREAKING THE DRY-EYE CODE P. 56 • STEROIDS: A GLAUCOMA FRENEMY P. 63

WILLS EYE RESIDENT CASE SERIES P. 79 • TARGETING FAS IN RETINAL DISEASE P. 44

Setting the
Parameters P. 24

Dealing with 
Complications P. 41

001_rp0915_fc.indd   1001_rp0915_fc.indd   1 8/21/15   4:00 PM8/21/15   4:00 PM



®

© 2014 Novartis 7/14 ILV14057JAD

Broad Managed 
Care Coverage1

INDICATIONS AND USAGE

ILEVRO® Suspension is a nonsteroidal, anti-infl ammatory prodrug 
indicated for the treatment of pain and infl ammation associated with 
cataract surgery.

IMPORTANT SAFETY INFORMATION 

Contraindications

ILEVRO® Suspension is contraindicated in patients with previously 
demonstrated hypersensitivity to any of the ingredients in the formula 
or to other NSAIDs.

Warnings and Precautions 

•  Increased Bleeding Time – With some nonsteroidal anti-infl ammatory 
drugs including ILEVRO® Suspension there exists the potential 
for increased bleeding time. Ocularly applied nonsteroidal 
anti-infl ammatory drugs may cause increased bleeding of ocular 
tissues (including hyphema) in conjunction with ocular surgery.

•  Delayed Healing – Topical nonsteroidal anti-infl ammatory drugs 
(NSAIDs) including ILEVRO® Suspension may slow or delay healing. 
Concomitant use of topical NSAIDs and topical steroids may increase 
the potential for healing problems.

•  Corneal Effects – Use of topical NSAIDs may result in keratitis. 
In some patients, continued use of topical NSAIDs may result in 
epithelial breakdown, corneal thinning, corneal erosion, corneal 
ulceration or corneal perforation. These events may be sight 
threatening. Patients with evidence of corneal epithelial 
breakdown should immediately discontinue use.

  Patients with complicated ocular surgeries, corneal denervation, 
corneal epithelial defects, diabetes mellitus, ocular surface 
diseases (e.g., dry eye syndrome), rheumatoid arthritis, or repeat 
ocular surgeries within a short period of time may be at increased 
risk for corneal adverse events which may become sight threatening. 
Topical NSAIDs should be used with caution in these patients.

  Use more than 1 day prior to surgery or use beyond 14 days 
post-surgery may increase patient risk and severity of corneal 
adverse events.

•  Contact Lens Wear – ILEVRO® Suspension should not be 
administered while using contact lenses.

Adverse Reactions 

The most frequently reported ocular adverse reactions following 
cataract surgery occurring in approximately 5 to 10% of patients 
were capsular opacity, decreased visual acuity, foreign body sensation, 
increased intraocular pressure, and sticky sensation.

For additional information about ILEVRO® Suspension, please refer 
to the brief summary of prescribing information on adjacent page.

References: 1. Formulary data provided by Pinsonault Associates, LLC, Pathfi nderRx, June 2014. 
2. ILEVRO® Suspension prescribing information. 3. NEVANAC® Suspension prescribing information. 

For more resources for eye care professionals, 
visit MYALCON.COM/ILEVRO

THE NUMBER OF DAILY DOSES DECLINES, 
BUT THE EFFICACY DOESN’T

ILEVRO® Suspension dosed once daily post-op has been 
shown to be noninferior to NEVANAC® (nepafenac ophthalmic 
suspension) 0.1% dosed three times daily for the resolution 
of infl ammation and pain associated with cataract surgery.2,3

One drop of ILEVRO® Suspension should be applied once 
daily beginning 1 day prior to cataract surgery through
 14 days post-surgery, with an additional drop 
administered 30 to 120 minutes prior to surgery.2

Use of ILEVRO® Suspension more than 1 day prior to 
surgery or use beyond 14 days post-surgery may increase 
patient risk and severity of corneal adverse events.2

Available in 1.7 mL and new 3 mL fi ll sizes
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 

INDICATIONS AND USAGE 
 ILEVRO® Suspension is indicated for the treatment of pain and 
inflammation associated with cataract surgery. 

DOSAGE AND ADMINISTRATION 
Recommended Dosing   
One drop of ILEVRO® Suspension should be applied to the affected 
eye  one-time-daily beginning 1 day prior to cataract surgery, 
continued on the day of surgery and through the first 2 weeks of the 
postoperative period. An additional drop should be administered 30 
to 120 minutes prior to surgery.

Use with Other Topical Ophthalmic Medications 
 ILEVRO® Suspension may be administered in conjunction with other 
topical ophthalmic medications such as beta-blockers, carbonic 
anhydrase inhibitors, alpha-agonists, cycloplegics, and mydriatics. 
If more than one topical ophthalmic medication is being used, the 
medicines must be administered at least 5 minutes apart. 

CONTRAINDICATIONS 
 ILEVRO® Suspension is contraindicated in patients with previously 
 demonstrated hypersensitivity to any of the ingredients in the 
formula or to other NSAIDs. 

WARNINGS AND PRECAUTIONS 
Increased Bleeding Time  
With some nonsteroidal anti-inflammatory drugs including ILEVRO® 
Suspension, there exists the potential for increased bleeding time 
due to interference with thrombocyte aggregation. There have been 
reports that ocularly applied nonsteroidal anti-inflammatory drugs 
may cause increased bleeding of  ocular tissues (including hyphemas) 
in conjunction with ocular surgery. It  is recommended that ILEVRO® 
Suspension be used with caution in patients  with known bleeding 
tendencies or who are receiving other medications which may 
prolong bleeding time. 

Delayed Healing 
 Topical nonsteroidal anti-inflammatory drugs (NSAIDs) including 
ILEVRO® Suspension, may slow or delay healing. Topical 
corticosteroids are also known to slow or delay healing. Concomitant 
use of topical NSAIDs and topical steroids may increase the potential 
for healing problems. 

Corneal Effects 
Use of topical NSAIDs may result in keratitis. In some susceptible 
patients, continued use of topical NSAIDs may result in epithelial 
breakdown, corneal thinning, corneal erosion, corneal ulceration or 
corneal perforation. These events may be sight threatening. Patients 
with evidence of corneal epithelial breakdown should immediately 
discontinue use of topical NSAIDs including ILEVRO® Suspension 
and should be closely monitored for corneal health. Postmarketing 
experience with topical NSAIDs suggests that patients with 
complicated ocular surgeries, corneal denervation, corneal epithelial 
defects, diabetes mellitus, ocular surface diseases (e.g., dry eye 
syndrome), rheumatoid arthritis, or repeat ocular surgeries within 
a short period of time may be at increased risk for corneal adverse 
events which may become sight threatening. Topical NSAIDs should 
be used with caution in these patients.

Postmarketing experience with topical NSAIDs also suggests that use 
more than  1 day prior to surgery or use beyond 14 days post surgery 
may increase patient risk and severity of corneal adverse events. 

Contact Lens Wear 
 ILEVRO® Suspension should not be administered while using contact 
lenses.

ADVERSE REACTIONS 
Because clinical studies are conducted under widely varying 
conditions,  adverse reaction rates observed in the clinical studies of 
a drug cannot be directly compared to the rates in the clinical studies 
of another drug and may not reflect the rates observed in practice. 

Ocular Adverse Reactions 
 The most frequently reported ocular adverse reactions following 
cataract surgery were capsular opacity, decreased visual acuity, 
foreign body sensation, increased intraocular pressure, and sticky 
sensation. These events occurred in approximately 5 to 10% of 
patients. 

Other ocular adverse reactions occurring at an incidence of 
approximately 1 to 5% included conjunctival edema, corneal edema, 
dry eye, lid margin crusting, ocular discomfort, ocular hyperemia, 
ocular pain, ocular pruritus, photophobia, tearing and vitreous 
detachment. 

Some of these events may be the consequence of the cataract 
surgical procedure. 

Non-Ocular Adverse Reactions 
Non-ocular adverse reactions reported at an incidence of 1 to 4% 
included headache, hypertension, nausea/vomiting, and sinusitis.

USE IN SPECIFIC POPULATIONS 
 Pregnancy  
Teratogenic Effects. 
Pregnancy Category C: Reproduction studies performed with 
nepafenac in rabbits and rats at oral doses up to 10 mg/kg/day have 
revealed no evidence of teratogenicity due to nepafenac, despite 
the induction of maternal toxicity. At this dose, the animal plasma 
exposure to nepafenac and amfenac was approximately 70 and 630 
times human plasma exposure at the recommended human topical 
ophthalmic dose for rats and 20 and 180 times human plasma 
exposure for rabbits, respectively. In rats, maternally toxic doses ≥10 
mg/kg were associated with dystocia, increased postimplantation 
loss, reduced fetal weights and growth, and reduced fetal survival. 

Nepafenac has been shown to cross the placental barrier in rats. 
There are  no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, ILEVRO® Suspension should be used 
during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

Non-teratogenic Effects.  
Because of the known effects of prostaglandin biosynthesis inhibiting 
drugs on the fetal cardiovascular system (closure of the ductus 
arteriosus), the use of ILEVRO® Suspension during late pregnancy 
should be avoided. 

Nursing Mothers  
ILEVRO® Suspension is excreted in the milk of lactating rats. It is not 
known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when 
ILEVRO® Suspension is administered to a nursing woman. 

Pediatric Use  
The safety and effectiveness of ILEVRO® Suspension in pediatric 
patients below the age of 10 years have not been established. 

Geriatric Use  
No overall differences in safety and effectiveness have been observed 
between elderly and younger patients. 

NONCLINICAL TOXICOLOGY  
Carcinogenesis, Mutagenesis, Impairment of Fertility  
Nepafenac has not been evaluated in long-term carcinogenicity 
studies.  Increased chromosomal aberrations were observed 
in Chinese hamster ovary cells exposed in vitro to nepafenac 
suspension. Nepafenac was not mutagenic  in the Ames assay or 
in the mouse lymphoma forward mutation assay. Oral doses up 
to 5,000 mg/kg did not result in an increase in the formation of 
micronucleated polychromatic erythrocytes in vivo in the mouse 
micronucleus assay in the bone marrow of mice. Nepafenac did not 
impair fertility when administered orally to male and female rats at 
3 mg/kg. 

PATIENT COUNSELING INFORMATION  
Slow or Delayed Healing  
Patients should be informed of the possibility that slow or delayed 
healing may occur while using nonsteroidal anti-inflammatory drugs 
(NSAIDs). 

Avoiding Contamination of the Product  
Patients should be instructed to avoid allowing the tip of the 
dispensing container to contact the eye or surrounding structures 
because this could cause the tip to become contaminated by common 
bacteria known to cause ocular infections. Serious damage to the eye 
and subsequent loss of vision may result from using contaminated 
solutions. 

Use of the same bottle for both eyes is not recommended with topical 
eye drops that are used in association with surgery. 

Contact Lens Wear  
ILEVRO® Suspension should not be administered while wearing 
contact lenses.

Intercurrent Ocular Conditions  
Patients should be advised that if they develop an intercurrent ocular 
condition (e.g., trauma, or infection) or have ocular surgery, they 
should immediately seek their physician’s advice concerning the 
continued use of the multi-dose container.

Concomitant Topical Ocular Therapy  
If more than one topical ophthalmic medication is being used, the 
medicines must be administered at least 5 minutes apart. 

Shake Well Before Use  
 Patients should be instructed to shake well before each use.  U.S. 
Patent Nos. 5,475,034; 6,403,609; and 7,169,767.   

ALCON LABORATORIES, INC.
Fort Worth, Texas 76134 USA

© 2014 Novartis   7/14   ILV14057JAD
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Eye injections of the drug Avastin (beva-
cizumab) bring no greater risk of en-
dophthalmitis than injections with the 
much more expensive drug Lucen-
tis (ranibizumab) made by the same 
company, according to new research 
from the Perelman School of Medi-
cine at the University of Pennsylvania. 
The fi ndings were published in JAMA 
Ophthalmology.

The study, based on insurance 
claims data from across the United 
States, was conducted in response to 
reports of Avastin-related endophthal-
mitis, which led the Food and Drug 
Administration recently to propose 
signifi cant restrictions on use of the 
drug for eye conditions.

“Our analysis of a national dataset 
shows that the risk for endophthalmi-
tis is no higher with Avastin and hints 
that there may actually be a lower 
endophthalmitis risk compared to 
Lucentis, so the proposed FDA re-
strictions for Avastin might have the 
unintended consequence of increas-
ing the infection risk for patients,” said 

senior author Brian L. VanderBeek, 
MD, MPH, an assistant professor of 
ophthalmology at Penn. 

Dr. VanderBeek and his colleagues’ 
fi ndings come after years of tension 
between eye doctors and Avastin’s 
maker Genentech over the drug’s oph-
thalmic use.

Avastin is an injectable solution of 
monoclonal antibodies targeted at the 
blood vessel growth factor VEGF. It 
was the fi rst drug designed to inhibit 
angiogenesis, and was approved by the 
FDA in 2004 for treating colorectal 
cancers—which typically boost angio-
genesis to keep themselves well sup-
plied with oxygen and nutrients.

Common age- and diabetes-related 
retinal diseases, such as wet macular 
degeneration, also result in part from 
VEGF-driven processes, so ophthal-
mologists soon began to use Avastin 
off-label to treat these conditions. 
Avastin as distributed for cancer treat-
ment is frequently repackaged by 
compounding pharmacies into small-
er doses suitable for use in the eyes, 

which drives the cost of the medication 
down to about $50 per eye injection.

Genentech has also developed a 
similar eye-specifi c angiogenesis-in-
hibiting, anti-VEGF monoclonal anti-
body, Lucentis. It was FDA-approved 
in 2006 and costs as much as $2,000 
per dose, even though it is closely re-
lated to the Avastin antibody and mul-
tiple clinical trials have found that the 
two drugs have virtually the same ef-
fi cacy.

To promote the use of the more 
expensive Lucentis, Genentech an-
nounced in 2007 that it would block 
Avastin’s ophthalmic use by prohibit-
ing its sale to compounding pharma-
cies, but the company backed away 
from this plan after strong protests 
from eye doctors.

Then in 2012, a few reports in the 
media noted endophthalmitis out-
breaks following repackaged Avastin 
injections. The endophthalmitis out-
breaks were limited to specifi c com-
pounding pharmacies. Amid a general 
concern over potential substandard 
practices at compounding pharma-
cies nationally, the FDA announced in 
February of this year that it planned to 
restrict the ophthalmic use of Avastin 
to the fi ve-day period following the re-
packaging of the drug by a compound 
pharmacy.

“This would effectively prevent 
most ophthalmic use of Avastin,” Dr. 
VanderBeek said. “Compounding 
pharmacies require 14 days after re-
packaging just for sterility testing, and 
without this critical step, ophthalmolo-
gists will lack confi dence in the safety 

Data Shows Avastin No Greater 
Infection Risk Than Lucentis 

AstraZeneca Cancer Drug Fails Uveal Melanoma Phase III Trial

AstraZeneca’s cancer treatment selumetinib failed to signifi cantly prolong survival in 
a study on melanoma that has spread to the eye, a late-stage setback for a drug once 
considered a bright spot in the company’s oncology pipeline.

In a 152-patient Phase III trial, a combination of selumetinib and the common chemother-
apy dacarbazine failed to improve progression-free survival compared with the old drug 
alone, the company said. Uveal melanoma affects about 2,000 Americans each year.

Selumetinib’s failure comes on the heels of some promising mid-stage data in which 
the treatment more than doubled progression-free survival in uveal melanoma patients, 
jumping from seven weeks in the chemotherapy arm of the study to 15.9 weeks in the 
drug arm. Those results, presented at 2013’s American Society of Clinical Oncology meet-
ing, raised hopes that AstraZeneca was on track to win the fi rst-ever approval for uveal 
melanoma, which has no effective therapies.

The drug continues to be studied for lung and thyroid cancer, and neurofi bromatosis.
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of the repackaged Avastin and unlikely 
to use it.”

To get a better picture of Avastin’s 
true endophthalmitis risk, Dr. Vander-
Beek and his colleagues looked at the 
medical claims database for a large 
American insurance company, cover-
ing the years 2005 through 2012. The 
data they reviewed contained no infor-
mation identifying patients.

Analyzing the 296,565 injections of 
Avastin and 87,245 injections of Lu-
centis that met their inclusion criteria, 
the Penn researchers found 49 and 22 
cases, respectively, of endophthalmitis. 
Thus the rate of the complication in 
this dataset was very low, 0.017 percent 
for Avastin, and still low but slightly 
higher, 0.025 percent, for Lucentis.

The 35-percent lower rate of end-
ophthalmitis seen in Avastin wasn’t sta-
tistically signifi cant, but the authors say 
the data at least suggest strongly that 
on a nationwide basis, Avastin repack-
aged by compounding pharmacies 
doesn’t involve greater endophthalmi-
tis risk than Lucentis packaged by its 
manufacturer.

The American Academy of Oph-
thalmology has been lobbying against 
the proposed new FDA regulations. 
“The fi ndings from our study support 
their stance,” Dr. VanderBeek said. 
Co-authors of the study were Sarah G. 
Bonaffi ni and Liyuan Ma, both of Penn 
Medicine at the time of the research.

New Clues to AMD 
Vision Loss
Scientists have identified a pathway that 
leads to the formation of atypical blood 
vessels that can cause blindness in 
people with age-related macular de-
generation.

The research, at Washington Uni-
versity School of Medicine in St. Louis, 
sheds light on one of the leading causes 
of blindness in industrialized countries 
and offers potential targets for treating 
the disease.

3360 Scherer Drive, Suite B, St. Petersburg, FL 33716

ABBE1350 Rev.A
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The study was published online Aug. 
11 in the journal Nature Communica-
tions.

“Our research increases our under-
standing of how specifi c immune cells 
can contribute to vision loss in macular 
degeneration, and it also may help us 
identify treatments by giving us a mo-
lecular pathway to target,” said prin-
cipal investigator and retina specialist 
Rajendra S. Apte, MD, PhD. “When 
we inhibit this pathway, we can alter 
the immune cells and interfere with 
abnormal blood vessel growth in mice. 
Doing so might open therapeutic av-
enues to halt vision loss or even restore 
sight in people who have macular de-
generation, the leading cause of blind-
ness in people over 50.”

Dr. Apte, the Paul Cibis distin-
guished professor of ophthalmology 
and visual sciences at the School of 
Medicine, has spent years studying 
the immune system in the eye to dis-
tinguish changes related to aging from 
those related to disease. In earlier 
work, he found that a cell-signaling 
molecule called interleukin-10 plays a 
role in the formation of blood vessels 
involved in the wet form of macular 
degeneration.

Before vision loss occurs, IL10 

levels increase in the eye, as do the 
number of specifi c immune cells, M2 
macrophages. These macrophages are 
known to contribute to the develop-
ment of damaging blood vessel growth 
beneath the retina.

Until now, though, how IL10 actu-
ally contributed to the proliferation 
of macrophages and damaging blood 
vessels wasn’t well understood. So Dr. 
Apte and his colleagues engineered 
mice in which various cell-signaling 
pathways were disabled. Those experi-
ments led them to discover that a spe-
cifi c signaling pathway involving a pro-
tein called STAT3 was activating and 
altering immune cells in the eye, and 
those cells then spurred the formation 
of harmful blood vessels.

Further, they examined eye tissue 
from patients treated in the 1980s and 
1990s, when surgery to remove abnor-
mal blood vessels from underneath 
the retina was routinely performed on 
patients with the wet form of macular 
degeneration. There, too, the same 
STAT3 protein that was abundant and 
active in M2 macrophages in mice also 
was found in high levels in the human 
tissue.

The fi ndings suggest that the causes 
of damaging blood vessel growth in 
people are the same as what the re-
searchers had observed in mouse mod-
els, Dr. Apte said. In both mice and in 
patients, abnormal blood vessel growth 
was linked to macrophages with high 
levels of the active form of STAT3.

That a cause of signifi cant vision loss 
appears to be the same in mice and 
people is good news, Dr. Apte said, 
because some compounds can disrupt 
the actions of STAT3 in mice and keep 
the pathway from spurring blood ves-
sel growth. Those same compounds 
may alter the course of macular degen-
eration in people with the condition.

“Now that we have a better idea of 
how these macrophages are activated 
at the molecular level, we may be able 
to use those drugs to halt or reverse the 
disease process,” Dr. Apte said.  
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In this image of the retina, normal blood 

vessels (green) surround a clump of new, 

abnormal vessels that has formed beneath 

the center of the retina. Scientists at

Washington University School of Medicine 

have identifi ed a molecular pathway that 

leads to the formation of such blood vessels.
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As medicine advances, it some-
times moves incrementally; other 

times it makes a leap forward, thanks 
to new technologies and ideas. The 
unique characteristics of plasma (con-
sidered the fourth state of matter—af-
ter solid, liquid and gas) have helped 
to open up new frontiers in many ar-
eas of modern living. Recently those 
unique characteristics have been 
leading to the development of new 
ophthalmic tools.

Plasma is a term used to describe 
certain types of ionized gases. It 
comes in many different forms, some 
of which make modern technologies 
like cellular telephones and plasma 
televisions possible. It can be gener-
ated in ways that produce heat (e.g., 
the YAG laser, welding arcs, lightning 
in a thunderstorm or the sun) and in 
ways that do not (e.g., plasma televi-
sion, fl uorescent bulbs and the aurora 
borealis). Medical devices may be de-

signed to produce either thermal or 
non-thermal plasma, depending on 
the purpose of the device. When plas-
ma comes into contact with tissue, de-
pending on the nature of the plasma 
being generated, it can act as a blade, 
disintegrating tissue in its path; it can 
kill bacteria without causing structural 
tissue damage; or it can trigger apop-
tosis in cancer cells without harming 
healthy cells.

Here, three individuals working 
with these types of plasma applica-
tions discuss their work.

Attacking Tumors

Michael Keidar, professor of me-
chanical and aerospace engineering 
at the School of Engineering and Ap-
plied Science, professor of neurologi-
cal surgery at the School of Medicine 
and Health Sciences, and director of 
the GW Institute for Nanotechnology 
at The George Washington Univer-
sity, has done extensive work over the 
past several years in the area of using 
plasma to cause selective destruction 
of cancer tumors. “I got interested in 
the biomedical application of plasma 
about seven years ago,” he explains. 

Christopher Kent, Senior Editor

Ionized gases are showing promise in medicine as a means of 
sterilizing tissue, incising tissue and potentially killling tumors.

Plasma Technology in 
Ophthalmology

The ionized gases known as plasma can be extremely hot or room temperature, and can 

be used in numerous ways, including triggering apoptosis in cancer cells, sterilizing living 

tissue without structural damage and as a means of resistance-free incising of tissue.
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with QD efficacy1,2

• Advanced formulation delivers corneal penetration1-3

• Proven efficacy at a low concentration1,4
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PROLENSA® (bromfenac ophthalmic solution) 0.07% is a nonsteroidal anti-inflammatory drug (NSAID) 
indicated for the treatment of postoperative inflammation and reduction of ocular pain in patients who 
have undergone cataract surgery.
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Warnings and Precautions
• Sulfite allergic reactions 
• Slow or delayed healing
• Potential for cross-sensitivity
• Increased bleeding of ocular tissues
• Corneal effects, including keratitis 
• Contact lens wear

Adverse Reactions 
The most commonly reported adverse reactions 
in 3%-8% of patients were anterior chamber 
inflammation, foreign body sensation, eye pain, 
photophobia, and blurred vision.
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PROLENSA® (bromfenac ophthalmic solution) 0.07% is indicated for the 
treatment of postoperative inflammation and reduction of ocular pain in 
patients who have undergone cataract surgery.

DOSAGE AND ADMINISTRATION
Recommended Dosing
One drop of PROLENSA® ophthalmic solution should be applied to 
the affected eye once daily beginning 1 day prior to cataract surgery, 
continued on the day of surgery, and through the first 14 days of the 
postoperative period.
Use with Other Topical Ophthalmic Medications
PROLENSA ophthalmic solution may be administered in conjunction 
with other topical ophthalmic medications such as alpha-agonists, beta-
blockers, carbonic anhydrase inhibitors, cycloplegics, and mydriatics.  
Drops should be administered at least 5 minutes apart.

CONTRAINDICATIONS
None
WARNINGS AND PRECAUTIONS
Sulfite Allergic Reactions
Contains sodium sulfite, a sulfite that may cause allergic-type reactions 
including anaphylactic symptoms and life-threatening or less severe 
asthmatic episodes in certain susceptible people.  The overall prevalence 
of sulfite sensitivity in the general population is unknown and probably 
low.  Sulfite sensitivity is seen more frequently in asthmatic than in non-
asthmatic people. 
Slow or Delayed Healing
All topical nonsteroidal anti-inflammatory drugs (NSAIDs), including 
bromfenac, may slow or delay healing. Topical corticosteroids are also 
known to slow or delay healing. Concomitant use of topical NSAIDs and 
topical steroids may increase the potential for healing problems.
Potential for Cross-Sensitivity
There is the potential for cross-sensitivity to acetylsalicylic acid, 
phenylacetic acid derivatives, and other NSAIDs, including bromfenac. 
Therefore, caution should be used when treating individuals who have 
previously exhibited sensitivities to these drugs.
Increased Bleeding Time
With some NSAIDs, including bromfenac, there exists the potential for 
increased bleeding time due to interference with platelet aggregation. 
There have been reports that ocularly applied NSAIDs may cause 
increased bleeding of ocular tissues (including hyphemas) in conjunction 
with ocular surgery. 
It is recommended that PROLENSA® ophthalmic solution be used with 
caution in patients with known bleeding tendencies or who are receiving 
other medications which may prolong bleeding time.
Keratitis and Corneal Reactions
Use of topical NSAIDs may result in keratitis. In some susceptible 
patients, continued use of topical NSAIDs may result in epithelial 
breakdown, corneal thinning, corneal erosion, corneal ulceration or 
corneal perforation. These events may be sight threatening. Patients with 
evidence of corneal epithelial breakdown should immediately discontinue 
use of topical NSAIDs, including bromfenac, and should be closely 
monitored for corneal health.
Post-marketing experience with topical NSAIDs suggests that patients 
with complicated ocular surgeries, corneal denervation, corneal epithelial 
defects, diabetes mellitus, ocular surface diseases (e.g., dry eye syndrome), 
rheumatoid arthritis, or repeat ocular surgeries within a short period 
of time may be at increased risk for corneal adverse events which may 
become sight threatening. Topical NSAIDs should be used with caution 
in these patients.
Post-marketing experience with topical NSAIDs also suggests that use 
more than 24 hours prior to surgery or use beyond 14 days post-surgery 
may increase patient risk for the occurrence and severity of corneal 
adverse events.
Contact Lens Wear
PROLENSA should not be instilled while wearing contact lenses.  
Remove contact lenses prior to instillation of PROLENSA. The 
preservative in PROLENSA, benzalkonium chloride may be absorbed by 
soft contact lenses. Lenses may be reinserted after 10 minutes following 
administration of PROLENSA. 

ADVERSE REACTIONS
Clinical Trial Experience
Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed in the clinical trials of a drug cannot be 
directly compared to rates in the clinical trials of another drug and may 
not reflect the rates observed in clinical practice.
The most commonly reported adverse reactions following use of 

PROLENSA® ophthalmic solution following cataract surgery include:  
anterior chamber inflammation, foreign body sensation, eye pain, 
photophobia and vision blurred.  These reactions were reported in 3 to 
8% of patients.

USE IN SPECIFIC POPULATIONS
Pregnancy 

Treatment of rats at oral doses up to 0.9 mg/kg/day (systemic 
exposure 90 times the systemic exposure predicted from the 
recommended human ophthalmic dose [RHOD] assuming the human 
systemic concentration is at the limit of quantification) and rabbits 
at oral doses up to 7.5 mg/kg/day (150 times the predicted human 
systemic exposure) produced no treatment-related malformations in 
reproduction studies. However, embryo-fetal lethality and maternal 
toxicity were produced in rats and rabbits at 0.9 mg/kg/day and 
7.5 mg/kg/day, respectively. In rats, bromfenac treatment caused 
delayed parturition at 0.3 mg/kg/day (30 times the predicted human 
exposure), and caused dystocia, increased neonatal mortality and 
reduced postnatal growth at 0.9 mg/kg/day.
There are no adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predictive of 
human response, this drug should be used during pregnancy only if  
the potential benefit justifies the potential risk to the fetus.
Because of the known effects of prostaglandin biosynthesis-
inhibiting drugs on the fetal cardiovascular system (closure of ductus 
arteriosus), the use of PROLENSA® ophthalmic solution during late 
pregnancy should be avoided.

Nursing Mothers
Caution should be exercised when PROLENSA is administered to a 
nursing woman.

Pediatric Use
Safety and efficacy in pediatric patients below the age of 18 have not 
been established.

Geriatric Use
There is no evidence that the efficacy or safety profiles for 
PROLENSA differ in patients 70 years of age and older compared to 
younger adult patients.

NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis and Impairment of Fertility

Long-term carcinogenicity studies in rats and mice given oral 
doses of bromfenac up to 0.6 mg/kg/day (systemic exposure 30 
times the systemic exposure predicted from the recommended 
human ophthalmic dose [RHOD] assuming the human systemic 
concentration is at the limit of quantification) and 5 mg/kg/day (340 
times the predicted human systemic exposure), respectively, revealed 
no significant increases in tumor incidence. 
Bromfenac did not show mutagenic potential in various mutagenicity 
studies, including the reverse mutation, chromosomal aberration, and 
micronucleus tests. 
Bromfenac did not impair fertility when administered orally to male 
and female rats at doses up to 0.9 mg/kg/day and 0.3 mg/kg/day, 
respectively (systemic exposure 90 and 30 times the predicted human 
exposure, respectively).

PATIENT COUNSELING INFORMATION
Slowed or Delayed Healing

Advise patients of the possibility that slow or delayed healing may 
occur while using NSAIDs.

Sterility of Dropper Tip
Advise patients to replace bottle cap after using and to not touch 
dropper tip to any surface, as this may contaminate the contents.
Advise patients that a single bottle of PROLENSA® ophthalmic 
solution, be used to treat only one eye.

Concomitant Use of Contact Lenses
Advise patients to remove contact lenses prior to instillation of 
PROLENSA. The preservative in PROLENSA, benzalkonium 
chloride, may be absorbed by soft contact lenses. Lenses may be 
reinserted after 10 minutes following administration of PROLENSA. 

Concomitant Topical Ocular Therapy
If  more than one topical ophthalmic medication is being used, the 
medicines should be administered at least 5 minutes apart

Rx Only
Manufactured by: Bausch & Lomb Incorporated, Tampa, FL  33637
Under license from:
Senju Pharmaceuticals Co., Ltd.
Osaka, Japan 541-0046

Prolensa is a trademark of Bausch & Lomb Incorporated or its affiliates.
© Bausch & Lomb Incorporated. 9317600
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PROLENSA® (bromfenac ophthalmic solution) 0.07%
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“Plasma is an ionized gas that is typi-
cally generated in high-temperature 
laboratory conditions. Recent prog-
ress in atmospheric plasmas, how-
ever, has led to the creation of cold 
atmospheric plasmas, or CAP, with 
ions at close to room temperature. 
Today, 20 years of intense research 
effort applying CAP to bioengineer-
ing has led to the foundation of a new 
fi eld: plasma medicine. And the most 
recent research area in the field of 
plasma medicine is the application of 
CAP to cancer therapy.”

Recent studies have shown that 
CAP has the ability to induce cell 
death via apoptosis and cell cycle ar-
rest, both in vitro and in vivo. While 
malignant tumors can become resis-
tant to chemotherapy, they appear to 
have a specifi c vulnerability to treat-
ments involving the production of re-
active oxygen and nitrogen species. In 
vivo, CAP has been shown to inhibit 
tumor growth, decrease proliferation, 
reduce tumor size and induce apop-
tosis. Furthermore, it’s been shown to 
affect at least 20 different varieties of 
cancer (including breast, colon, lung, 
bladder, ovarian, skin, pancreatic and 
prostate).1-14 

Perhaps most important, unlike 
conventional cancer therapies, CAP 
seems to selectively kill cancer cells. 
“Based on many results to date, CAP 
could potentially be used to treat reti-
noblastoma,” he notes. “Plasma can 
be applied directly to a tumor with a 
penetration of about 5 mm, and no 
thermal damage is associated with its 
use.” 

Professor Keidar says they’re still 
working on understanding the mecha-
nism by which plasma affects cancer 
cells. “CAP produces various chemi-
cally reactive species such as reac-
tive oxygen and nitrogen species, as 
well as generating an electric field 
and UV radiation,” he explains. “We 
know that these reactive species have 
biological effects on prokaryotic and 
eukaryotic cells and can trigger signal-

ing pathways in cells. It’s also been 
shown that CAP leads to modifi cation 
of cell migration, and that can help to 
mitigate scar formation.” He adds that 
because plasma is a “cocktail” of vari-
ous species that can be relatively eas-
ily controlled, it can be used in other 
applications as well, including treating 
HIV and in the fi eld of dermatology.

Professor Keidar says that hand-
held CAP tools are already available, 
and his group is developing new ones. 
However, he believes the ones they’re 
developing are several years away 
from being clinically available.

Cutting Without Resistance

Although some uses for plasma 
technology are still in the investigative 
stages, at least one plasma tool has 
been available for several years: the 
Fugo blade, a handheld surgical in-
strument invented by Richard Fugo, 
MD, PhD, (Norristown, Pa.) that al-
lows sharp, resistance-free cutting. 
The blade works by generating a cloud 
of plasma particles around a tiny fi la-
ment at the end of a handpiece; the 
plasma dissolves the molecular bonds 
of any material it comes into contact 

with. As a result, the blade creates 
an incision sharper than an incision 
made with a diamond blade, and it 
can cut through thick, tough tissue 
easily. It also causes almost no bleed-
ing if small vessels and capillaries are 
cut. Because of these characteristics, 
surgeons can perform operations that 
would be nearly impossible with a 
standard blade, causing little, if any, 
trauma to the eye.

Daljit Singh, MS, DSc, is the 
founder of the Daljit Singh Eye Hos-
pital in Amritsar, India, and coauthor 
of the book Ocular Applications of the 
Fugo Blade. Dr. Singh (who has no 
fi nancial interest in the Fugo blade) 
has used it for more than 15 years, 
pioneering numerous procedures that 
take advantage of the unique abilities 
of the instrument, including anterior 
capsulotomy, transciliary fi ltration and 
peripheral iridotomy (all approved by 
the U.S. Food and Drug Administra-
tion). 

“The Fugo blade brings laser-
like plasma to the fingertips of the 
surgeon,” explains Dr. Singh. “The 
plasma is created by focused elec-
tromagnetic waves generated by four 
rechargeable batteries; when in use, 

A capsulotomy being done in a pediatric case using the Fugo plasma blade, which cuts 

without resistance. The chamber is kept deep by injecting viscoelastic from the side port. 

The incision is seen as a line of cavitation bubbles.
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the plasma is visible as a throbbing 
yellow glow of light. When an acti-
vated tip touches tissue, the energy 
is transferred via the process of reso-
nance. The tissue molecules become 
unstable and shatter, thus creating an 
incision path without burning or char-
ring, and histology has confi rmed the 
absence of collateral thermal damage. 
In fact, the Fugo blade incision is ac-
tually an ablation. The plasma also ab-
lates any blood vessels in the incision 
path, resulting in a bloodless cut.”

Dr. Singh says the plasma blade is 
especially useful for creating an an-
terior capsulotomy. “It’s the best tool 
for creating a capsulotomy that I’ve 
found,” he says. “It successfully tack-
les any kind of capsule, at any age. 
Whether the capsule is normal, thick 
and scarred, or of unequal thickness, 
it cuts easily and the cut never runs 
out to the periphery. It’s quite differ-
ent from older approaches because 
the surgeon perceives no tactile sen-
sation; the cutting is resistance-free.”

Dr. Singh uses the blade for many 
other types of ocular surgery as well, 
and fi nds it especially suited to pupil-
loplasty and membranectomy. “The 
fact that it creates tracks in a blood-
less manner and without collateral 
thermal damage has allowed me to 
develop procedures like transciliary 
filtration—into the posterior cham-
ber—and microtrack fi ltration—into 
the anterior chamber,” he notes. 
“These are the least-traumatic fi ltra-
tion procedures I’ve ever used, and 
they were not possible without this 

device. It also makes it easy to man-
age previous filtration surgery that 
has failed, as well as Tenon cysts. In 
cases of congenital trichiasis it only 
takes seconds to permanently destroy 
whole rows of cilia roots. In cases of 
meibomian gland dysfunction, all the 
gland openings and ducts can be ef-
fi ciently cleared in little time.”

Dr. Singh says he has also used the 
plasma blade to develop strabismus 
surgery techniques, for both weaken-
ing and strengthening, that maintain 
the insertion line by preserving the 
muscle strips at the margins. “This 
prevents the surgery from causing any 
misalignment,” he explains. “These 
strabismus techniques are bloodless 
and only take a short time to perform, 
and the postoperative course is in-
fl ammation-free, thanks to the pecu-
liar cutting properties of the plasma 
blade. I’ve also been able to develop 
unique fornix and orbital approaches 
to levator and Müller muscle plica-
tion, for all grades of ptosis. I do this 
through three vertical fornix inci-
sions made with the plasma blade. 
And because it ablates tissue, it takes 
only seconds to do punctoplasty or to 
clear blocked canaliculi.” Dr. Singh 
says that during the past 10 years, the 
retina surgeon at his eye hospital has 
successfully operated on three cases 
of Sturge-Weber syndrome caused by 
vascular tumors on the retina, using 
the Fugo blade. “All of these cases 
were refused by the best retina cen-
ters in India,” he notes. 

“This is an very versatile surgical 

tool,” he concludes. “I believe many 
more eye surgeons around the world 
will eventually be using it.”

Plasma Disinfection

Another medical use for plasma is 
the sterilization of tissue, which can 
be done without causing structural 
damage using the right parameters. 
One surgeon working on making this 
a practical reality is David S. C. Pao, 
MD, who practices in Levittown, Pa. 
Early in his career, Dr. Pao invented 
and patented numerous ophthalmic 
instruments, including one of the fi rst 
irrigation/aspiration machines for use 
in extracapsular cataract surgery; one 
of the fi rst electroretinography instru-
ments, designed to record the electri-
cal signals generated by the retina and 
transmitted to the occipital cortex, 
which is still in use worldwide; and 
one of the fi rst instruments used for 
coaxial bipolar cautery. One of the 
instruments he’s currently developing 
will use plasma to sterilize tissue, with 
the goal of helping to reduce the inci-
dence of endophthalmitis.

“This instrument will produce 
a non-thermal plasma between the 
probe and the tissue being treated, a 
space of 3 mm or less,” he explains. 
“It will ionize gases that are present in 
the air, primarily oxygen, nitrogen and 
hydrogen. The effect this has on the 
tissue will depend on the parameters 
used, which published reports show 
can range from antibacterial effects 
to enhancing tissue healing, as well 

A pupilloplasty performed using the Fugo plasma blade. Left: The pupil has been closed by scar formation; the plasma blade is moved into 

position. Center: The pupiloplasty is half completed. Right: The debris has been removed by a vitrector.
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as the destruction of melanoma cells 
through apoptosis. As a tool for steril-
ization, this could be used on cataract 
corneal wounds, retinal surgery scler-
al wounds or intravitreal conjunctival-
scleral injection sites.”

Dr. Pao became interested in the 
potential for sterilizing tissue using 
non-thermal plasma after meeting 
professor Gregory Fridman at the A.J. 
Drexel Plasma Institute in Philadel-
phia. Professor Fridman was conduct-
ing plasma experiments with Staph-
ylococcus aureus contamination of 
the spinal cord of New Zealand white 
rabbits. Wanting to see whether this 
could be applied to the eye, Dr. Pao 
began inoculating the rabbits’ corneas 
with the bacteria and then treating it 
using a prototype plasma device. This 
early work showed that simple treat-
ment resulted in a two-log reduction 
in S. aureus from an initial concentra-
tion of ~106 CFU/mL. 

Dr. Pao notes that antibiotics are 
commonly used following the 2 to 3 
million cataract surgeries performed 
each year. “Using a plasma probe like 
this for a few seconds could provide as 
much protection as an antibiotic,” he 
says. “It could also be used following 
intravitreal injections, where the risk 
of infection is still real. If an instru-
ment like this can minimize the need 

for antibiotics, the cost savings and 
reduced risk of developing bacterial 
resistance would be signifi cant.”

Dr. Pao notes that there are many 
potential uses for a non-thermal plas-
ma probe like this, beyond ocular sur-
gery. “A device like this could be used 
to reduce contamination during med-
ical procedures in rural areas where 
there are few medical resources,” he 
points out. “It could be used in com-
bat zones to clean wounds. It could 
be used to sanitize hands in hospitals 
without risking creating bacterial re-
sistance. Think of having a machine 
on the wall that you place your hands 
inside; it lights up for three seconds 
and sterilizes your hands. A device 
using this technology could decon-
taminate the walls, fl oors and ceilings 
of operating rooms as well as patient 
rooms in hospitals. Certainly it could 
be used to sterilize surgical equip-
ment. It’s possible that it might even 
work on biological entities such as 
prions that are resistant to heat ster-
ilization, although that remains to be 
proven.”

Because excess treatment can cause 
structural damage to the tissue, Dr. 
Pao is currently working with live rab-
bit and porcine eyes at the Drexel 
School of Medicine Animal Lab, 
studying the impact of different volt-

ages, pulse durations and energy fre-
quencies, to refi ne the ideal param-
eters for causing sterilization without 
tissue damage. (He credits Kristina 
Pao, MD, Justine Han, BS, and Ralph 
Eagle, MD, with major contributions 
to this work.) He’s also working to-
ward making the device available to 
the medical community. “Right now, 
we’re meeting with a company that’s 
interested in commercializing this,” 
he says. “The fi nal commercial unit 
should be similar to many of the de-
vices we already use in cataract sur-
gery; the prototype’s design is similar 
to the Alcon crescent blade. Hope-
fully this will become available within 
the next year or two.”  
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Non-thermal plasma is used to sterilize a pig’s cornea in vivo.
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Cornea

The process of cross-linking the 
corneal stroma to strengthen 
it, using riboflavin and UVA 

light, continues to be the focus of re-
searchers’ attention in laboratories 
around the world. It’s clear that the 
process is benefi cial in numerous situ-
ations, most notably in preventing or 
minimizing the progression of kera-
toconus. But because the procedure 
has only been around for a few years 
and is not approved for clinical use by 
the U.S. Food and Drug Administra-
tion, some basic issues about the most 
effective ways to do the procedure 
remain unanswered.

Here, several surgeons with experi-
ence using the procedure discuss what 
they’ve learned about cross-linking 
with the epithelium on (rather than 
off); which parameters of light, ribo-
fl avin and timing work the best; and 
how these answers are modifi ed when 
cross-linking is used in different ways.

Epi-on vs. Epi-off

In order for stromal cross-linking 
to take place, riboflavin must make 
it past the epithelium and permeate 
the corneal stroma. Because the cor-
neal epithelium is an effective bar-
rier to most formulations of ribofl avin, 
the original protocol for cross-linking, 
now known as the Dresden protocol, 

required removing the epithelium be-
fore applying the ribofl avin solution to 
the cornea. While this protocol is un-
deniably effective, from the outset re-
searchers hoped to fi nd a way to make 
the procedure work without having to 
remove the epithelium.

A. John Kanellopoulos, MD, clinical 
professor of ophthalmology at NYU 
Medical School and medical direc-
tor of the Laservision.gr Institute in 
Athens, Greece, notes that the desire 
to make epi-on cross-linking work is 
understandable. “If collagen cross-
linking were to become a purely epi-
thelium-on procedure, the morbidity, 
the patient’s everyday activity distur-
bance and possibly a large number of 
potential complications that relate to 
healing and infection could be mini-
mized,” he says. “In the early 2000s 
I saw a few of the initial epi-on treat-
ment attempts in the United States in 
an investigative protocol. Four out of 
the fi ve ectasia patients I saw contin-
ued to progress. In fact, in vitro work 
in the laboratory showed that using 
the classic Dresden protocol with the 
epithelium on resulted in almost no 
ribofl avin penetrating the epithelium 
and little cross-linking taking place in 
the stroma.

“However, a lot of things have 
changed since then,” he continues. 
“Multiple techniques have been de-

Strengthening 

the cornea has a 

host of potential 

uses—but the 

ideal parameters 

are still being 

worked out.

Christopher Kent, Senior Editor

Cross-linking: Finding 
The Right Parameters

Cover Focus 

024_rp0915_f1.indd   24024_rp0915_f1.indd   24 8/21/15   4:06 PM8/21/15   4:06 PM



September 2015 | reviewofophthalmology.com | 25

veloped that help to get the ribofl avin 
molecules past the epithelium, such 
as iontophoresis, adding special ‘epi-
abrasive’ ingredients to the ribofl avin 
solution, using higher concentrations 
of ribofl avin, and also a technique that 
we introduced: creating a femtosec-
ond laser pocket in the cornea and 
placing the riboflavin inside it, thus 
bypassing the issue of ribofl avin pen-
etrating through the intact epithelium. 
Some of the data regarding these vari-
ations, although anecdotal, appears 
promising. If we can facilitate ribofl a-
vin penetrance into the cornea, I think 
epi-on will be a valid technique.”

Dr. Kanellopoulos points out that 
leaving the epithelium on not only 
makes it difficult to get the ribofla-
vin into the stroma but also can mini-
mize passage of the UV light into the 
stroma. “If you place the riboflavin 
solution on the cornea with the epithe-
lium intact, the epithelium becomes 
soaked with ribofl avin molecules,” he 
explains. “Then, during the exposure 
to UV light, the epithelium acts as an 
umbrella, absorbing a lot of the light. 
Depending on which study you look 
at, 20 to 80 percent of the UV light 
intended to reach the corneal stro-
ma may be blocked. Clearly, this will 
reduce the amount of cross-linking 
achieved. Also, based on what I’ve 
seen clinically and the laboratory work 
we’ve done ex vivo, I’m convinced that 
effective epi-on cross-linking will re-
quire increasing the amount of energy 
we deliver.”

Despite these caveats, Dr. Kanel-
lopoulos says some of his group’s work 
with using cross-linking to cause a 
refractive change has supported the 
potential effi cacy of epi-on approach-
es. “In a study we conducted of the 
refractive effect of customized, very 
high-fl uence cross-linking, the epi-on 
cases did have a quite impressive re-
fractive effect,” he says. (See example, 
p. 26.)  “This demonstrates that epi-on 
cross-linking can be effective in cer-
tain areas of the cornea, although it 

appears to be about half or one-third 
of the amount achieved using epi-off.”

Of course, in some cases an epi-off 
procedure may be a good thing; there 
can be advantages to removing the 
epithelium besides giving the ribofl a-
vin easier access. Like many surgeons 
who perform cross-linking, Arturo 
S. Chayet, MD, who practices at the 
CODET Vision Institute in Tijuana, 
Mexico, still does epi-off exclusively. 
“The potential advantages of epi-on 
are obvious, but we still use the Dres-
den protocol,” he says. “One reason 
for this is that most of our patients 
receiving cross-linking have a moder-
ate to high spherical equivalent and 
amount of cylinder, so we’re remov-
ing the epithelium using photothera-
peutic keratectomy. This has an effect 
similar to topography-guided ablation; 
the epithelium breaks fi rst in the area 
of the steeper cornea where the cone 
is. We’re getting really good refractive 
results just by doing this, followed by 
the cross-linking. So at this point, even 
if I had the opportunity to do epi-on, 
I would continue to do epi-off because 
of the refractive issues.”

Dr. Chayet says he may also do a 
little PRK if the patient has a lot of 
refractive error. “I’ll start with PTK 
and then do a little PRK,” he says. 

“Typically I’ll do 70 µm of PTK, which 
includes about 40 µm of epithelium. 
So on average there’s a 30-µm stromal 
ablation at the keratoconus site on the 
cornea.” He adds that cross-linking 
by itself causes a certain amount of 
refractive change. “Cross-linking actu-
ally fl attens the cornea by about 2 D,” 
he says. “Using the Dresden protocol 
we’re getting between 1.5 and 2 D 
of corneal fl attening. It’s part of how 
cross-linking works.”

Putting It in the Pocket

One approach that allows ribofl a-
vin to get into the stroma without 
having to breach the epithelium is 
the creation of a corneal pocket us-
ing a femtosecond laser. Dr. Kanel-
lopoulos describes the method his 
group has developed. “In our origi-
nal study we created a femtosecond 
laser pocket and placed riboflavin 
0.1% in the pocket, avoiding any 
contamination of the ribofl avin solu-
tion with the surface of the cornea,” 
he says. (See picture, above.) “Then 
we performed high-fluence, high-
energy cross-linking using 10 mW/
cm2 exposure for about 10 minutes. 
The cross-linking this produced was 
very similar to that achieved with the 
Dresden protocol, although the cor-
neal strength measurement methods 
we used to gauge the results were a 
bit different. 

“We’ve studied this technique 
more elaborately ex vivo in the past 
few years, comparing the use of a 
femtosecond laser pocket, and/or a 
LASIK fl ap,” he continues. “In one 
set of eyes we placed the ribofla-
vin in the corneal pocket. We per-
formed mock LASIK in the LASIK 
eyes, placed riboflavin in the stro-
mal bed and replaced the fl ap. Then 
we exposed both sets of corneas to 
very high-fluence and high-energy 
UV light. To determine how much 
cross-linking took place, we analyzed 
the corneas biomechanically by two-

One way to get the ribofl avin into the 

stroma without having to remove the 

epithelium is to create a pocket into which 

the ribofl avin can be inserted, using a 

femtosecond laser. Above: One of the early 

attempts to create such a pocket, using the 

FS60 Intralase laser.
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dimensional stretching and by re-
sistance to enzymatic digestion. In 
the pocket eyes we found almost a 
100-percent increase in the biome-
chanical rigidity of the cornea. So ex 
vivo we showed that we can double 
the strength of the cornea if we place 
riboflavin in the cornea and have 
the UV light go through the intact 
epithelium and reach that ribofl avin 
midway in the cornea.

“As you might expect, the corne-
al strength was not as great in the 
mock-LASIK eyes, because we were 
only cross-linking the part of the cor-
nea left after making the flap,” he 
notes. “When we create a pocket, 
the rest of the cornea is intact and 
it retains its biomechanical stability. 
In the LASIK corneas, we were try-
ing to minimize the fl aps’ exposure 
to the ribofl avin, and we succeeded; 
postop, control and cross-linking 
flaps had equal biomechanical 
strength. That means that after the 
LASIK procedure we were testing 
the biomechanical rigidity of just the 
residual cornea—perhaps a 320-µm 
cornea instead of a 550-µm cornea. 
And of course the strongest tissue in 
the cornea is in the anterior cornea, 
which becomes part of the fl ap.”

Dr. Kanellopoulos notes several 
advantages to the pocket technique. 
“This is a surgical procedure, of 

course, but horizontal incisions in the 
cornea do not affect biomechanics,” 
he says. “It’s the vertical incisions 
made in LASIK fl aps that cause more 
than 95 percent of the biomechanical 
changes in the cornea after LASIK. 
When creating a pocket, the only 
biomechanically active part of the 
pocket would be the little incision 
that gives you access to the pocket; 
the rest of the pocket has no effect 
on the biomechanical strength of the 
cornea. There’s also minimal danger 
of cutting corneal nerves. The nerve 
plexus is in the anterior 100 µm of 
the cornea, while the pocket is be-
tween 150 and 200 µm in depth, so 
you’re way under the superfi cial cor-
nea nerve plexus. Of course, it’s pos-
sible that the cross-linking procedure 
itself may affect the nerves, but that’s 
entirely theoretical at this point.”

Cristhian Sancho, MD, who works 
at the Laser Center Visión 20/20 
in Pichancha, Ecuador, and is an 
ophthalmology consultant at Fun-
dacion Vista Para Todos, has been 
using cross-linking since 2008. “At 
this point in time we’ve tried most 
of the cross-linking machines,” he 
says. “We’ve tried treatments rang-
ing from 3 to 45 mW and from 3 
to 15 J. We’ve done monocular and 
binocular treatments and tried both 
epi-off and epi-on. In terms of epi-

on, we’ve tried different riboflavin 
formulations without much success, 
so I recommend using epi-on only in 
very mild cases.” 

Dr. Sancho says he has also tried 
the technique of using a femtosec-
ond laser to create a pocket for the 
ribofl avin solution. “The advantage 
is the recovery time,” he notes. “The 
downside is the cost.”

Independent Research

The problems with epi-on cross-
linking center around the diffi culty 
of getting ribofl avin through the in-
tact corneal epithelium. However, 
different formulations have differ-
ent levels of success because of their 
chemical structure, and it appears 
that a consortium of American doc-
tors interested in studying cross-link-
ing, known as CXL-USA, may have 
discovered a formulation that pen-
etrates the epithelium quite rapidly.

“CXL-USA is an IRB-approved 
group of physicians conducting mul-
tiple studies, working on innovat-
ing and optimizing the science and 
practice of corneal strengthening,” 
explains Roy S. Rubinfeld, MD, MS, 
in private practice in Rockville, Md., 
and Fairfax, Va., a clinical associate 
professor at Georgetown Universi-
ty Medical Center in Washington, 

An example of using cross-linking to effect refractive change. The treatment pattern (left) shows the areas of different energy delivered 

in order to achieve a signifi cant refractive change, correcting -2, -1 @ 170 to +0.25. The pre-, post- and comparison Pentacam readings 

show the effective correction with six-months of follow-up. (This procedure was done epi-on, using a popular ribofl avin formula.)
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D.C., and a member of 
the consortium. “CXL-
USA has been up and 
running and treating 
patients actively since 
2009. We’ve done our 
best to make cross-
linking available in our 
clinical trials, and we 
continue to innovate 
and publish, spreading 
information and sharing 
our experiences. We’re 
focused on the science 
part of this, not the 
commercial side.”

Dr. Rubinfeld says it’s 
been very helpful to do 
this research without 
commercial involvement. 
“In a commercial trial, 
whatever protocol you go 
in with is what you have to 
continue to do for the next few years,” 
he says. “Once you set up an FDA trial, 
for example, you have to stay with the 
chosen technique, metrics and timing. 
In general, no matter what you learn 
during the years of conducting the 
trial, you can’t use any of that knowl-
edge to innovate and improve. You 
have to follow the pre-established 
protocol. 

“In our world, because we write 
our protocols with some flexibility 
in them and the ability to incorpo-
rate innovation, we haven’t had that 
limitation,” he says. “When we’ve fi g-
ured out that something works better, 
we’ve switched to it. For example, we 
tried many riboflavin formulations 
that took one to three hours to load 
into the stroma through intact epithe-
lium. We just kept modifying them 
and the delivery techniques until we 
found ways to consistently, reliably 
and homogenously load through in-
tact corneal epithelium in 20 minutes 
or less, and then we switched to that 
protocol. We’ve been able to be much 
more innovative and agile than com-
mercial trials can be.”

Perfecting Epi-on

Dr. Rubinfeld notes that fi nding a 
formulation of riboflavin that could 
readily penetrate intact epithelium 
has been a central focus of the CXL-
USA group. “If you can do cross-
linking without scraping off the epi-
thelium, anybody would prefer that,” 
notes Dr. Rubinfeld. “Even people 
who have strongly defended the epi-
off approach are now saying, ‘If you 
can get the ribofl avin in, and the UVA 
light gets in and the oxygen is present 
in the corneal stroma, you’re going to 
get good cross-linking.’ And every-
one agrees that it would be great if 
patients didn’t have to undergo four 
to seven days of discomfort and the 
risk of infection, haze, scarring and 
perforation—all of which have been 
reported with epi-off. Epi-on is an 
inherently noninvasive treatment, and 
everybody wants epi-on to work. 

“At CXL-USA we have developed 
a proprietary, patent-pending ribo-
flavin formula that’s specifically for-
mulated for rapid, consistent, homo-
geneous riboflavin stromal loading 

with the epithelium in-
tact,” he explains. “We’ve 
tried and observed many 
other formulations in 
our many studies, in-
cluding two commercial 
formulations available in 
Europe that are specifi -
cally designed for tran-
sepithelial cross-linking. 
However, we were disap-
pointed with the results 
they produced. Using 
our new formulation, our 
investigators across the 
United States have been 
able to load both eyes in 
20 minutes or less. We 
also have a proprietary, 
patent-pending loading 
delivery system that does 
not involve iontophoresis. 
Based on our formulation 

and protocol, we’re consistently able to 
load the stroma quickly and easily and 
get very effective cross-linking. (See 
example, above.) Of course I’m biased, 
but if I were having cross-linking, this 
would be my preferred approach. In 
fact, William Trattler, MD, one of our 
key investigators, did treat his 12-year-
old daughter with our epi-on technol-
ogy. It not only stopped her disease 
progression but improved her acuity 
as well.”

Dr. Rubinfeld says the surgeons in 
CXL-USA started with epithelium-off 
treatments at the outset. “Like every-
one else, we simply didn’t believe that 
epi-on could work,” he notes. “With 
those early formulations, it took two to 
three hours or more to get adequate 
stromal loading through the epithe-
lium in the first set of corneas we 
treated. It was not a pleasure for the 
patients or the staff. Over time we’ve 
adjusted key characteristics of the 
formulation until we developed the 
current version. It makes the loading 
process work consistently, smoothly 
and easily. Patients really appreciate 
a short procedure—lying there for 

A new proprietary ribofl avin formula created by CXL-USA successfully 

penetrates the epithelium quickly without soaking it. Above: The new 

formulation used on the eye of a 20-year-old patient with keratoconus. 

After 15 minutes of epithelium-on soaking, this slit lamp photo shows a 

well-loaded stroma (green) and a clear epithelium (white). (Photo used 

with permission of EyeWorld.)
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20 minutes listening to music, as op-
posed to an hour or more. The next 
day, they’re back to their normal ac-
tivities because we haven’t removed 
their epithelium. They’re seeing well. 
Usually they drive to the office for 
their one-day-postoperative visit.”

Dr. Rubinfeld notes that all of the 
cross-linking approaches are possible 
in part because of specifi c characteris-
tics associated with ribofl avin. “One of 
the good clinical aspects of ribofl avin 
is that it’s easy to see,” he says. “It’s a 
bright yellow-green color that’s read-
ily visible. So, after loading, anyone 
can take a slit lamp and see where 
the ribofl avin is, how much is there 
and whether or not it’s evenly and 
adequately distributed. Then when 
you apply UV light, it fl uoresces. It’s 
essentially its own marker. If it didn’t 
have that vivid color, we’d have to 
have some sort of advanced technol-
ogy to measure where it is. 

“The other nice thing is that once 
you get the ribofl avin through the epi-
thelium, it diffuses nicely through the 
stroma,” he adds. “The epithelium 
has a lot of lipids and other barriers to 
penetration of water-soluble solutions 
on the surface, whereas the stroma is 
mostly water and is completely wa-
ter-soluble. Ribofl avin is also incred-
ibly water-soluble, so it diffuses eas-
ily throughout the stroma. That’s one 
reason other innovations like femto 
pockets or channels or partial-scraping 
procedures work. They just need to 
get the ribofl avin through the intact 
epithelium; then it spreads through-
out the stroma. Of course, with our 
ribofl avin formulation, laser pockets 
and channels are not necessary. Those 
approaches were developed because 
other ribofl avin formulations are un-
able to penetrate the epithelium well.”

Dr. Rubinfeld agrees that ribofla-
vin in the epithelium can theoreti-
cally block some of the UV light from 
reaching the stroma. “Not only will 
that block some UVA light, it will also 
consume some of the oxygen needed 

in the stroma for cross-linking to oc-
cur,” he says. “We don’t want that. But 
in our proprietary technique the epi-
thelium is crystal clear after loading, 
indicating that the ribofl avin isn’t get-
ting trapped there. At the same time, 
the stroma is well-loaded with green in 
a homogeneous concentration. So our 
protocol avoids this problem.”

Fine-tuning Parameters

One of the big questions still be-
ing resolved is what combination of 

fl uence and timing is most effective 
in any given version of cross-linking. 
In theory, increasing the amount of 
light being used should decrease the 
time required to complete the cross-
linking.

“This is another point that has not 
been studied thoroughly,” says Dr. 
Kanellopoulos. “I know that Avedro 
has conducted a multicenter study 
in the United States addressing this 
question by comparing the effect of 
several different fl uences, and I un-
derstand that the preliminary data in-

One of the applications for cross-linking currently being investigated is using it to 
stabilize the refractive changes produced by conductive keratoplasty. In CK, the surgeon 
uses a probe inserted into the cornea to a depth of about 500 µm to increase the 
temperature in a circumferential series of eight or more spots placed 6, 7 or 8 mm from 
the corneal center. The heat causes controlled shrinkage of the tissue, resulting in a 
tightening effect on the mid-peripheral cornea, increasing refractive power. CK has been 
used to treat astigmatism, decentered ablations, keratoconus and trauma, as well as to 
produce a moderate refractive correction. In general, the procedure has not been widely 
adopted due to the tendency for the changes to regress over time. Researchers realized, 
however, that cross-linking might minimize or eliminate that drawback.

“Over time, we found it frustrating for patients (and surgeons) to do a cross-linking 
procedure which stopped vision loss but did not do much to improve the patient’s poor 
vision,” says Roy S. Rubinfeld, MD, MS, a clinical associate professor at Georgetown 
University Medical Center in Washington, D.C., and a member of CXL-USA. “Over the past 
several years, to improve vision in these patients we’ve been doing a lot of conductive 
keratoplasty to regularize the corneal shape, followed by cross-linking, both to lock in 
the benefi cial effects of the CK and to stabilize the cornea. We call this ‘CK-plus’ or re-
fractive CXL. CK is a noninvasive, very well-tested and safe procedure that’s been around 
for a long time, but one of its limitations has always been the tendency for the improved 
visual results to regress. When we combine it with cross-linking, the corneal changes 
seem to stick. We have one- and two-year data now that demonstrates substantial, sta-
tistically signifi cant clinical improvement in both uncorrected and best-corrected vision. 
(See chart, p. 32.) It’s been really fulfi lling for both patients and surgeons.”

Dr. Rubinfeld says it took investigators some time to fi gure out the sequence in which 
the procedures should be done. “The literature shows that when you do CK at the same 
time as cross-linking, the results are probably going to regress,” he notes. “But our 
colleague Arthur Cummings, MD, in Dublin found that leaving an interval between the CK 
and cross-linking helped to prevent the effect from regressing. So, we wait a day after 
the CK procedure before doing the cross-linking, and that seems to make all the differ-
ence. We don’t have fi nal data yet, but the people who had the procedures a day apart 
have had notably better long-term data that those who were done on the same day.”

Dr. Rubinfeld adds that they perform the CK with real-time monitoring. “I’m able to 
watch the intraoperative keratometry when I do the CK,” he explains. “If I fi nd I’m ending 
up with an oval-shaped or pear-shaped ring on the cornea because of astigmatism, I can 
make it round with an extra spot or two. I sometimes take a Pentacam before the pro-
cedure and again after a few spots and then decide if it’s enough. It’s a great technique, 
because we can see what we’re doing while we’re doing it.”

—CK

Combining Cross-linking and Conductive Keratoplasty
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dicate pretty similar results. However, 
we’d like to see this studied by an inde-
pendent body or in a multicenter trial, 
because Avedro has a vested interest 
in higher-fl uence cross-linking being 
better. I believe their instrument is 
still the only device that can generate 
more than 30 mW/cm2 of fl uence.

“We use a big spectrum of fl uences 
and energy levels in our practice,” he 
continues. “They’ve changed signifi -
cantly over the years. Cross-linking 
is 50 percent of our practice, and 
the standard keratoconus patient—
usually a young male—accounts for 
about 80 percent of the cross-linking 
we perform. In the great majority we 
perform the Athens protocol, which 
has now been established as a valid 
treatment, although many centers use 
slight variations of it under a differ-
ent name such as the Dubai protocol, 
the Montreal protocol or the Dublin 
protocol. The Athens protocol com-
bines a very frugal topography-guided 
excimer normalization of the cornea 
with high-fl uence cross-linking. Using 
that protocol we’ve tried higher and 
lower fl uences over the years; for the 
past three years we’ve used 6 mW/cm2 
for 15 minutes. This delivers 5.5 J of 
total energy, which is double the fl u-
ence but the same total energy deliv-
ered as the classic Dresden protocol. 
Doing this cuts the treatment time in 
half, from 30 minutes to 15 minutes. 
That has been our standard for the 
past eight years, and we’ve reported 
extensively on the refractive effects 
and stability of this protocol.”

Dr. Kanellopoulos adds that when 
performing epi-on cases he may use 
energies up to 20 J. “This is four times 
the Dresden protocol,” he notes. “But 
as I said before, one has to take into 
account that a lot of this energy may 
get lost on its way to meeting the ribo-
fl avin in the cornea.”

In terms of finding the right pro-
tocol for a basic epi-off procedure, 
Dr. Kanellopoulos notes that you have 
to balance the advantages and disad-

vantages of changing the parameters. 
“We started using double the classic 
Dresden protocol energy levels as far 
back as 2006,” he says. “We found that 
doubling the levels minimized most 
of the corneal dehydration problems 
and corneal thinning, while shorten-
ing the procedure from 30 minutes 
to 15. When higher-fluence devices 
became available, we tried using even 
more fluence for less time, but we 
found that we achieved a more super-
fi cial cross-linking effect. That is not 
ideal, because in keratoconic eyes we 
want to cross-link as deeply as pos-
sible to ensure long-term stability. So 
we went from 6 mW/cm2 to 10, to 15, 
to 30. Finally we went back to 6 mW/
cm2, because we found by studying 
these corneas with OCT that we had 
the deepest and widest distribution of 
cross-linking effect in the corneas at 
this fl uence. These parameters gave us 
the greatest effi cacy, while minimizing 
dehydration problems and potential 
epithelial toxicity. 

“I’m aware that some surgeons are 
currently using higher fluence,” he 
adds. “I applaud them for collecting 
data and showing its effect. But I think 
for the patient, going from 15 minutes 

to 10 or 8 minutes doesn’t make that 
much difference. On the other hand, I 
think going from 30 minutes to 15 is a 
huge difference.”

Dr. Rubinfeld says he is not an ad-
vocate of high fl uence. “More is not 
always better,” he notes. “The rate-
limiting factor in the cross-linking re-
action is oxygen, and the more UV 
you use, the more you deplete that 
rate-limiting agent. I think of it as be-
ing like a recipe. If the recipe says to 
bake a pan of brownies for 30 minutes 
at 300 degrees, trying to bake it for 
three minutes at 3,000 degrees prob-
ably won’t produce the result you’re 
hoping for. You might be able to im-
prove upon the original formula, but 
there are bound to be limits. We [at 
CXL-USA] have aimed to create a 
highly effective corneal strengthening 
procedure that’s the least infl amma-
tory and most respectful of the health 
of the corneal cells and the patient’s 
comfort.”

Adjusting by Procedure

As surgeons around the world try 
cross-linking for purposes beyond 
controlling keratoconus and ectasia, 

Postop Distance VA (logMAR) Following CK with CXL
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Results of combining cross-linking with conductive keratoplasty in eyes with keratoconus 

or corneal ectasia, with preop corrected distance visual acuity of 20/40 or worse. More 

recent follow-up data suggests that the benefi ts seen at months 10 to 15 have been 

maintained. Similar tests conducted without cross-linking have regressed more quickly 

and produced signifi cantly worse long-term results.
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they’re fi nding that different parame-
ters make sense in different situations. 
“Today we’re using cross-linking tech-
nology not only for keratoconus but 
for refractive corrections and treating 
bacterial keratitis and corneal ulcers,” 
says Dr. Sancho. “When treating bac-
terial keratitis, I’ve found that a long 
exposure time is better, since we’re 
using the UV light to eradicate the 
bacteria. We also combine refractive 
surgery with cross-linking. We don’t 
need too much exposure time to get 
a reproducible result in refractive 
cases.”

“Our second most popular cross-
linking technique is combining 
cross-linking with LASIK,” says Dr. 
Kanellopoulos. “We consider this a 
necessity in hyperopic LASIK; in fact, 
we haven’t performed any hyperopic 
LASIK without cross-linking for the 
past four years. The reason is that a 
study we conducted in-house proved, 
at least in our eyes, that hyperopic 
LASIK produced far better long-term 
results when cross-linking was per-
formed. We compared fellow eyes 
that underwent hyperopic LASIK 
done by the same surgeon, using the 
same device and parameters. One eye 
received cross-linking, using 30 mW/
cm2, which is very high fl uence, for 60 
seconds; the other received no cross-
linking. The contralateral control eyes 
had significant regression over the 
next two years; the cross-linked eyes 
did not. We also use cross-linking for 
stability and to prevent ectasia when 
performing LASIK on patients who 
are under 30 years of age who have 
more than 6 D of myopia. In these 
cases we use the same fl uence, but for 
80 seconds.”

“The protocols we use are always 
changing depending on the case to 
be treated,” notes Dr. Sancho. “The 
fl uence we use depends on the instru-
ment being used and the riboflavin 
vehicle; there are different indications 
depending on the manufacturer. Us-
ing the wrong fluence or riboflavin 

can produce severe endothelial dam-
age. At the same time, using less than 
suffi cient energy produces less effect 
and not much change in keratometry. 
Generally, we’ve gotten better results 
with more fluence. That’s especially 
true with our new custom system with 
eye tracking that makes it possible to 
apply different fluences in different 
areas. To treat keratoconus I currently 
use 7.2 J at 30 mW with 10 minutes of 
induction time. That has resulted in 
reproducible results for the past two 
years.

“Using more fl uence we’re able to 
get refractive changes,” he adds, “but 
it’s important to choose the case. In 
the future I believe we will be able to 
do effective refractive correction by 
reshaping the cornea with cross-link-
ing. I’m working on that today, with 
very promising early results. So far 
I’ve only done 120 cases, with various 
results, but I believe that’s the future.”

What We’ve Learned

As individuals and groups contin-
ue to research cross-linking, several 
things are becoming clear.

• It’s reasonable to expect some 

individual variation in outcomes. 
Dr. Kanellopoulos notes that when 
performing refractive cross-linking 
with an epi-on protocol, some patients 
showed less of an effect than others. 
“We’ve had good results in most pa-
tients, but there have been a few outli-
ers who showed little or no effect from 
the procedure,” he says. “We have no 
explanation for that. We don’t know if 
it’s because of a glitch in the epithe-
lium, a problem with our technique 
or an intrinsic behavior of the cornea. 
Maybe not every cornea reacts the 
same to the cross-linking effect. 

“It’s worth noting that we see far 
less variability in the effect in differ-
ent corneas when performing epi-off 
procedures,” he adds. “The standard 
deviation is smaller by a factor of four 
when you’re studying epi-off.”

• More ribofl avin is not neces-
sarily better. Dr. Rubinfeld says 
that many surgeons believe that us-
ing more ribofl avin is better because 
it will result in more cross-linking. 
“That’s not correct,” he says. “Ribofl a-
vin acts much like a catalyst. Chemists 
used to talk about ‘adding a pinch of 
catalyst.’ The reality is, you need a 
certain amount of ribofl avin to trigger 
the cross-linking reaction, but adding 
more doesn’t make the reaction go 
faster or produce better results. In 
fact, if you get too much ribofl avin in 
the path of the UV light, you’ll just at-
tenuate or block the light available for 
the reaction.”

• Previous cross-linking doesn’t 
seem to reduce the effect. “We’ve 
been surprised to discover that we 
are able to get a signifi cant refractive 
cross-linking effect in corneas that 
were previously cross-linked,” says Dr. 
Kanellopoulos. “If I had to guess, I 
would have thought that in corneas 
that had been cross-linked before 
you’d see less of a cross-linking effect. 
But we found that even patients who 
had the Athens protocol six years ago 
showed a very compelling refractive 
effect when treated with refractive 

“There are still many 
pieces missing from the 
scaffold [of knowledge] 

we’re building. We 
need to be cross-

referencing our work. 
What is the actual 

effect of each different 
technique?

—J. Kanellopoulos, MD
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cross-linking this year.”
• The presence of oxygen may 

be crucial. “The chemistry involved 
in the cross-linking process isn’t com-
plicated,” says Dr. Rubinfeld. “You 
need an adequate amount of ribofl a-
vin; you need UV light; and you need 
oxygen. We used to think that oxygen 
didn’t play a very important role, but 
it turns out that it does—in fact, it’s 
the rate-limiting factor. The problem 
is, when the light is on, you’re deplet-
ing molecular oxygen in the cornea, 
and oxygen can’t diffuse back into the 
cornea to replenish the supply with 
the UVA light on. Essentially, you’re 
making the cornea hypoxic. That’s why 
oxygen is the rate-limiting factor in the 
cross-linking reaction.

“To manage that problem, we’ve 
been using the light in a discontinuous 
way,” he says. “Since 2010 we’ve been 
applying the light for a brief period 
of time, which induces cross-linking 
and consumes oxygen, and then turn-
ing the light off for a period of time. 
When the light is off, oxygen can then 
diffuse back into the cornea to replen-
ish that reactant and allow the cross-
linking to continue without building 
up toxic products like peroxide, which 
kills keratocytes. Surgeons often look 
for demarcation lines as a sign that 
cross-linking has occurred; we believe 
those lines mark where you’ve killed 
corneal cells. Essentially, you want to 
do a procedure that maximizes the 
cross-linking while minimizing the 
production of toxic by-products. Cy-
cling the light on and off is one way to 
accomplish that.”

What’s Next?

With so many different ways of us-
ing cross-linking, and so many ideas 
about the optimum parameters, the 
fi eld of cross-linking is currently awash 
with uncorrelated observations and 
data sets. “I think the global ophthal-
mic community has matured to the 
point that we need to correlate the 

work we’ve done so far before we 
make another leap forward,” says Dr. 
Kanellopoulos. “We’re growing ex-
ponentially in completely different 
directions without fi nding the correla-
tions between the different pathways 
we’re taking. 

“At the European Society of Cata-
ract and Refractive Surgery meeting 
last year our team submitted a pro-
tocol for studying different collagen 
cross-linking epi-on and epi-off tech-
niques ex vivo, to try to establish some 
order of relative effi cacy between the 
different techniques,” he continues. 
“We need a large study comparing 
difference fl uences, techniques and ri-
bofl avin solutions. We don’t know how 
much we’re achieving with each one of 
these techniques. We’ve yet to defi ne 
the actual spectrum of cross-linking’s 
use, titrate its effect and above all es-
tablish its safety.

“The ophthalmic community has 
to push the industry to conduct these 
studies,” he continues. “Our center is 
just a small, clinical investigative cen-
ter, and we have no fi nancial interest 
in any of the studies we’ve conducted. 
We conducted them purely because 
we saw the void and pieces of the puz-
zle missing from the literature. In the 
meantime, there are still many pieces 
missing from the scaffold we’re build-
ing. We need to be cross-referencing 
our work. What is the actual effect of 
each different technique? 

“Once those questions have been 
answered, there are other horizons for 
cross-linking,” he notes. “Cross-linking 
may be a valuable adjunct or even pri-
mary treatment for infection. In the 
developing world, this treatment only 
costs a few cents, and it could save 
hundreds of thousands of people from 
blindness. In the meantime, once the 
United States’ clinical body of work 
becomes a part of cross-linking tech-
nique and technology development, 
I believe cross-linking will become 
the mainstay of ectasia stabilization, 
as well as a tool for biomechanically 

modulating corneas.”
And what about the ongoing de-

bate regarding epi-on vs. epi-off treat-
ment? Asked whether he thinks epi-
on will eventually replace epi-off as 
the cross-linking procedure of choice, 
Dr. Rubinfeld gives a qualified yes. 
“If the patient just needs cross-linking 
to stabilize the cornea, then I think 
epi-on will become the standard over 
time,” he says. “Cross-linking is great 
at stopping the progression of vision 
loss. So, if someone comes into the 
offi ce and has early keratoconus and 
hasn’t yet lost vision, cross-linking is 
the procedure for that person. In that 
situation, if epi-on works fine, why 
wouldn’t you use it? But if a patient is 
only correctable to 20/80 because of 
advanced keratoconus and irregular 
astigmatism, then you’ll want to try 
and fi nd a way to not just stop the pro-
gression but also make the patient see 
better. Cross-linking alone is not very 
good at that, for most patients. That’s 
where you want to combine cross-
linking with something else, such as 
Intacs, topography-guided ablation 
or standard PRK. If you’re going to 
do PRK, you’re going to have to re-
move the epithelium anyway, so in 
some situations, epi-off will continue 
to make sense.”

“The reality is, regardless of how 
much fi nesse we think we have incor-
porated into cross-linking, it’s currently 
a very gross procedure,” concludes Dr. 
Kanellopoulos. “We’re throwing fl our 
and water into a pot and hoping to get 
the same result at the end of the day. 
The cornea is a living, dynamic struc-
ture; we don’t even know if the ribofl a-
vin bioavailability in the cornea is the 
same from patient to patient. Corneal 
curvature, corneal density and even 
keratocyte population may play a role 
in the effi cacy of the procedure. There 
are so many variables in corneas from 
patient to patient that even though 
we’ve worked with cross-linking for 
15 years, I personally think we’ve only 
scratched the surface.”  
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INDICATION AND DOSING
PAZEO™ Solution is indicated for the treatment of ocular itching associated with allergic conjunctivitis. 
The recommended dosage is to instill one drop in each affected eye once a day. 

IMPORTANT SAFETY INFORMATION 
As with any eye drop, care should be taken not to touch the eyelids or surrounding areas with the dropper 
tip of the bottle to prevent contaminating the tip and solution. Keep bottle tightly closed when not in use.

Patients should not wear a contact lens if their eye is red. PAZEO™ Solution should not be used to treat contact 
lens-related irritation. The preservative in PAZEO™ Solution, benzalkonium chloride, may be absorbed by soft 
contact lenses. Patients who wear soft contact lenses and whose eyes are not red should be instructed to wait 
at least fi ve minutes after instilling PAZEO™ Solution before they insert their contact lenses.

Once-Daily 
PAZEOTM Solution
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IMPORTANT SAFETY INFORMATION (cont’d)
The most commonly reported adverse reactions in a clinical study occurred in 2%-5% of patients 
treated with either PAZEO™ Solution or vehicle. These events were blurred vision, dry eye, superfi -
cial punctate keratitis, dysgeusia, and abnormal sensation in eye.

For additional information on PAZEO™ Solution, please refer to the brief 
summary of the full Prescribing Information on the following page.

Once-Daily PAZEO™ Solution for relief of ocular allergy itch: 
  The fi rst and only FDA-approved once-daily drop with demonstrated 24-hour ocular 

allergy itch relief1

  Statistically signifi cantly improved relief of ocular itching compared to PATADAY® (olopa-
tadine hydrochloride ophthalmic solution) 0.2% at 24 hours post dose 
(not statistically signifi cantly diff erent at 30-34 minutes)1 

  Statistically signifi cantly improved relief of ocular itching compared to vehicle through 
24 hours post dose1

Study design: Two multicenter, randomized, double-masked, parallel-group, vehicle- and active-controlled studies in patients at least 18 years 
of age with allergic conjunctivitis using the conjunctival allergen challenge (CAC) model (N=547). Patients were randomized to receive study 
drug or vehicle, 1 drop per eye on each of 2-3 assessment days. On separate days, antigen challenge was performed at 27 (±1) minutes post 
dose to assess onset of action, at 16 hours post dose (Study 1 only), and at 24 hours post dose. Itching scores were evaluated using a half-unit 
scale from 0=none to 4=incapacitating itch, with data collected 3, 5, and 7 minutes after antigen instillation. The primary objectives were to 
demonstrate the superiority of PAZEO™ Solution for the treatment of ocular allergy itch. Study 1: PAZEO™ Solution vs vehicle at onset of ac-
tion and 16 hours. Study 2: PAZEO™ Solution vs vehicle at onset of action; PAZEO™ Solution vs PATADAY® Solution, PATANOL® (olopatadine 
hydrochloride ophthalmic solution) 0.1%, and vehicle at 24 hours.1-3

PAZEO™ Solution: Safety Profi le
 Well tolerated1

  The safety and effectiveness of PAZEO™ Solution have been established in patients 
two years of age and older1

  The most commonly reported adverse reactions, occurring in 2% to 5% of patients, were 
blurred vision, dry eye, superfi cial punctate keratitis, dysgeusia, and abnormal sensation in eye1

Once-daily dosing1

From Alcon, committed to providing treatment options
for patients.

Give your patients 24 HOURS OF OCULAR ALLERGY ITCH 
RELIEF with once-daily PAZEO™ Solution1

References: 1. PAZEO™ Solution Package Insert. 2. Data on fi le, 2011. 3. Data on fi le, 2013.

© 2015 Novartis    6/15    PAZ15099JAD

Olopatadine is licensed from Kyowa Hakko Kirin Co., Ltd. Japan

ITCH RELIEF
24 HOURS OF OCULAR ALLERGY

IN ONE DROP
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BRIEF SUMMARY 
PAZEO (olopatadine hydrochloride ophthalmic solution) 0.7%. 
For topical ophthalmic administration. 
The following is a brief summary only; see full prescribing  
information for complete product information. 

CONTRAINDICATIONS  
None. 
WARNINGS AND PRECAUTIONS  
Contamination of Tip and Solution  
As with any eye drop, care should be taken not to touch the eyelids 
 or surrounding areas with the dropper tip of the bottle to prevent  
contaminating the tip and solution. Keep bottle tightly closed when  
not in use. 
Contact Lens Use  
Patients should not wear a contact lens if their eye is red. 
The preservative in PAZEO solution, benzalkonium chloride, may  
be absorbed by soft contact lenses. Patients who wear soft contact  
lenses and whose eyes are not red, should be instructed to wait  
at least five minutes after instilling PAZEO before they insert their 
contact lenses. 
ADVERSE REACTIONS  
Clinical Trials Experience 
Because clinical trials are conducted under widely varying  
conditions, adverse reaction rates observed in the clinical trials of  
a drug cannot be directly compared to rates in clinical trials of  
another drug and may not reflect the rates observed in practice. 
In a randomized, double-masked, vehicle-controlled trial, patients  
at risk for developing allergic conjunctivitis received one drop of either 
PAZEO (N=330) or vehicle (N=169) in both eyes for 6 weeks. The mean 
age of the population was 32 years (range 2 to 74 years). Thirty-five 
percent were male. Fifty-three percent had brown iris color and 23% 
had blue iris color. The most commonly reported adverse reactions 
occurred in 2-5% of patients treated with either PAZEO or vehicle. 
These events were blurred vision, dry eye, superficial punctate keratitis, 
dysgeusia and abnormal sensation in eye. 
USE IN SPECIFIC POPULATIONS  
Pregnancy  
Risk Summary  
There are no adequate or well-controlled studies with PAZEO in  
pregnant women. Olopatadine caused maternal toxicity and  
embryofetal toxicity in rats at levels 1,080 to 14,400 times the maximum 
recommended human ophthalmic dose (MRHOD). There was no  
toxicity in rat offspring at exposures estimated to be 45 to 150 times  
that at MRHOD. Olopatadine should be used during pregnancy only  
if the potential benefit justifies the potential risk to the fetus. 
Animal Data  
In a rabbit embryofetal study, rabbits treated orally at 400 mg/kg/day 
during organogenesis showed a decrease in live fetuses. This dose is 
14,400 times the MRHOD, on a mg/m2 basis. 
An oral dose of 600 mg/kg/day olopatadine (10,800 times the MRHOD) 
was shown to be maternally toxic in rats, producing death and reduced 
maternal body weight gain. When administered to rats throughout 
organogenesis, olopatadine produced cleft palate at 60 mg/kg/day (1080 
times the MRHOD) and decreased embryofetal viability and reduced 
fetal weight in rats at 600 mg/kg/day. When administered to rats 
during late gestation and throughout the lactation period, olopatadine 
produced decreased neonatal survival at 60 mg/kg/day and reduced 

body weight gain in offspring at 4 mg/kg/day. A dose of 2 mg/kg/day 
olopatadine produced no toxicity in rat offspring. An oral dose of  
1 mg/kg olopatadine in rats resulted in a range of systemic plasma area 
under the curve (AUC) levels that were 45 to 150 times higher than the 
observed human exposure [9.7 ng∙hr/mL] following administration of  
the recommended human ophthalmic dose.
Nursing Mothers  
Olopatadine has been identified in the milk of nursing rats following  
oral administration. Oral administration of olopatadine doses at 
or above 4 mg/kg/day throughout the lactation period produced 
decreased body weight gain in rat offspring; a dose of 2 mg/kg/day 
olopatadine produced no toxicity. An oral dose of 1 mg/kg olopatadine 
in rats resulted in a range of systemic plasma area under the curve 
(AUC) levels that were 45 to 150 times higher than the observed human 
exposure [9.7 ng∙hr/mL] following administration of the recommended 
human ophthalmic dose. It is not known whether topical ocular 
administration could result in sufficient systemic absorption to produce 
detectable quantities in the human breast milk. Nevertheless, caution 
should be exercised when PAZEO is administered to a nursing mother. 
Pediatric Use  
The safety and effectiveness of PAZEO have been established in  
pediatric patients two years of age and older. Use of PAZEO in these  
pediatric patients is supported by evidence from adequate and 
well-controlled studies of PAZEO in adults and an adequate and  
well controlled study evaluating the safety of PAZEO in pediatric  
and adult patients. 
Geriatric Use  
No overall differences in safety and effectiveness have been observed 
between elderly and younger patients. 
NONCLINICAL TOXICOLOGY  
Carcinogenesis, Mutagenesis, Impairment of Fertility 
Carcinogenicity  
Olopatadine administered orally was not carcinogenic in mice and rats 
in doses up to 500 mg/kg/day and 200 mg/kg/day, respectively. Based 
on a 35 μL drop size and a 60 kg person, these doses are approximately 
4,500 and 3,600 times the MRHOD, on a mg/m2 basis. 
Mutagenesis  
No mutagenic potential was observed when olopatadine was tested in 
an in vitro bacterial reverse mutation (Ames) test, an in vitro mammalian 
chromosome aberration assay or an in vivo mouse micronucleus test. 
Impairment of fertility  
Olopatadine administered at an oral dose of 400 mg/kg/day  
(approximately 7,200 times the MRHOD) produced toxicity in male  
and female rats, and resulted in a decrease in the fertility index and 
reduced implantation rate. No effects on reproductive function were 
observed at 50 mg/kg/day (approximately 900 times the MRHOD). 
PATIENT COUNSELING INFORMATION  
• Risk of Contamination: Advise patients to not touch dropper tip to
eyelids or surrounding areas, as this may contaminate the dropper tip 
and ophthalmic solution. 
• Concomitant Use of Contact Lenses: Advise patients not to wear
contact lenses if their eyes are red. Advise patients that PAZEO should 
not be used to treat contact lens-related irritation. Advise patients to 
remove contact lenses prior to instillation of PAZEO. The preservative 
in PAZEO solution, benzalkonium chloride, may be absorbed by soft 
contact lenses. Lenses may be reinserted 5 minutes following  
administration of PAZEO. 
Patents: 8,791,154 

ALCON LABORATORIES, INC.  
Fort Worth, Texas 76134 USA  
© 2015 Novartis.
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Cornea

By all accounts, corneal cross-
linking is generally a safe proce-
dure that’s saved many patients 

from having to undergo corneal trans-
plants as a result of their keratoconus 
or corneal ectasia. Like any surgical 
intervention, however, it’s not without 
risks, so it pays to know what can go 
wrong so you can avoid problems and 
prepare for those infrequent occasions 
when complications occur. In this ar-
ticle, cross-linking experts share their 
tips for sidestepping and managing 
problems.

Delayed Re-epithelialization

In cases of epithelium-off cross-link-
ing, which many surgeons currently 
use due to its effectiveness, one of the 
chief complications to be wary of is 
a delay in re-epithelialization, since 
this leaves the cornea open to other 
problems.

“The most common complication 
I’ve had is delayed re-epithelializa-
tion, occurring in 2 to 5 percent of 
cases,” says Singapore surgeon Jerry 
Tan. “The delay can go as long as two 
weeks. To avoid it, you have to get the 
epithelium to heal quickly. For this I 
use autologous serum and a bandage 
contact lens. I also keep the eye as 
moist as possible postop, which means 
lots of artifi cial tears.”

Miami surgeon William Trattler says 
he’s noticed risk factors for delayed 
healing. “They include very steep cor-
neas, as well as patients with steep cor-
neas in whom you place a bandage 
contact lens,” he says. “What can occur 
is the bandage lens can rub the apex of 
the cornea and prevent the epithelium 
from healing. In such cases, remove 
the contact lens and consider using a 
ProKera [corneal bandage device].”

When he performs an epi-off cross-
linking procedure, Jodi Luchs, MD, 
co-director of refractive surgery for 
the North Shore/Long Island Jewish 
Health System, says he follows the 
patient very closely. “I like to see the 
patient every day or every other day,” 
he says. “And, if I fi nd that the epithe-
lium isn’t healing, I’m aggressive with 
the use of punctal plugs and preser-
vative-free lubricants. I also use the 
minimum amount of medications that 
might retard re-epithelialization, such 
as steroids. I may also cut back on or 
eliminate the NSAID. You can include 
ointments along with a preservative-
free lubrication, such as bacitracin an-
tibiotic or various other over-the-coun-
ter lubricating ointments.” Surgeons 
also say changing the brand of bandage 
lens can help in some cases.

Close follow-up can also allow the 
surgeon to remedy the situation, based 
on what he sees in the exam. “In rare 

Making sure the 

epithelium heals 

quickly can avoid 

many problems, 

surgeons say.

Walter Bethke, Managing Editor

When Corneal Cross-
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cases, epithelial cells will be heaped 
up at the edge of the epithelial defect 
and won’t migrate over,” says Toronto 
surgeon Raymond Stein, who was the 
fi rst surgeon to perform corneal cross-
linking in Canada eight years ago. “If 
we see that appearance, especially at 
seven days postop—where most cas-
es would have healed in four or fi ve 
days—we’ll often scrape the edge of 
the heaped-up epithelium to induce 
healing.”

Corneal Haze

Surgeons say any time you debride 
the epithelium, introduce a chemi-
cal into the cornea and then bombard 
it with UV light, haze is a possibility, 
though they acknowledge that it’s less 
likely in epi-on procedures. 

“Haze is very transient,” says Dr. 
Tan. “It starts at about three weeks 
after surgery, then increases a little 
for one to two months, and then by 
six months is almost completely gone. 
Also, it’s not more than 1+ haze, and is 
so mild many patients often don’t real-
ize they have it.”

As in many postop situations, com-
plications can be interrelated, and this 
appears to be the case with corneal 
haze and re-epithelialization. “Haze is 
also related to a delay in epithelial re-
covery,” says Jorge Alio, MD, of Alican-
te, Spain. “Most of the cases I’ve seen 
with this complication are patients in 
whom the epithelium takes time to 
recover. This extra time increases the 
wound healing and this wound healing 
results in a haze that can take many 
months to resolve.” Dr. Alio says that 
an over-response to cross-linking can 
also result in haze. “Over-responders 
are rare, and occur at a rate of maybe 
one in 200 cases,” Dr. Alio says. “These 
patients wind up with an extremely fl at 
cornea with a reduction of the myo-
pia to minimal levels postop, and even 
occasionally the development of hy-
peropia. In addition to the problem 
of developing a refractive error that 

the patient never had before, over-
responders can develop corneal haze 
that can affect the cornea for a long 
time or can even be permanent. This is 
rare, but it can happen.”

Surgeons say managing corneal 
haze after cross-linking is similar to 
dealing with post-PRK haze. “Treat 
it with a topical steroid such as FML 
or loteprednol, one drop four or six 
times per day until the recovery is evi-
dent,” says Dr. Alio. “Then, decrease 
the dose with time. The patient should 
also wear sunglasses whenever he’s 
outside, especially if he lives in a sunny 
region, because haze increases with 
sun exposure.” 

Corneal scarring, which occurred 
in 2.8 percent of epi-off cross-linking 
patients in one prospective study, can 
be a result of dense haze.1 “If a scar is 
more peripheral, the patient can still 
have good vision,” says Dr. Luchs. “If 
the scar is causing some irregular astig-
matism, which keratoconus patients 
have already, the patient may see well 
as long as the opacity isn’t in the center 
of vision. He can often get good vision 
with the use of a rigid contact lens or a 
scleral lens. However, if a scar is dense 
and large enough, and interferes with 
the line of sight, the surgeon’s only 
recourse may be a corneal transplant.”

Infl ammation

Surgeons say opening up the epithe-
lium also leaves the eye vulnerable to 
sterile infl ammatory infi ltrates as well 

as the rare case of infection.
If a patient develops sterile infil-

trates, a complication that occurred 
in 7.6 percent of eyes in one study,1 
surgeons say they’ll increase the ste-
roid dosage. If an entity is infectious, 
however, it naturally poses a greater 
diagnostic and management challenge. 
“Number one: Culture it,” says Dr. 
Luchs. “Often, most physicians will be 
able to tell the difference between an 
infection and a sterile infiltrate. But 
when in doubt, treat it as infectious. 
This involves increasing the antibiot-
ics to every hour or every two hours 
depending on the clinical appearance 
and the cultures, and then proceed ac-
cordingly. Also, reduce your steroids.”

To help decrease the infection risk, 
Dr. Tan pretreats the eye for two days 
preop with antibiotics. “I use a combi-
nation of tobramycin and levofl oxacin,” 
he explains. “I like to include tobramy-
cin because it’s inexpensive and some-
times you’ll have a patient with a gram 
negative bacterial infection, which is 
susceptible to tobramycin. I believe 
infections with cross-linking develop 
after the operation. Usually, it’s be-
cause the patient hasn’t been following 
the postop regimen: He hasn’t been in-
stilling the eye drops or his contact lens 
has become contaminated. Handling 
the contact lens and placing it in the 
eye postop must be done under sterile 
conditions.”

Corneal cross-linking can trigger a 
reactivation of herpes simplex virus, 
and some surgeons consider a history 
of HSV a contraindication to cross-
linking.2 If you are going to proceed 
with cross-linking in a patient with a 
history of herpes, surgeons recom-
mend antiviral prophylaxis preop and 
continuing into the postop period. 
If someone develops herpes simplex 
keratitis postop, treat it aggressively. 
“If you see herpes,” recommends Dr. 
Trattler, “the patient needs topical gan-
ciclovir, Zirgan and/or oral Valtrex. My 
regimen for any herpes keratitis is Zir-
gan fi ve times a day for a week to 10 

Haze and a corneal infi ltrate appeared two 

days postop in this cross-linking patient.
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days, and Valtrex 500 mg t.i.d.”
If you think you’re dealing with a 

case of herpes keratitis, stop and really 
scrutinize the eye, because it could be 
a notorious masquerader, the pseudo-
dendrite. “A pseudodendrite is caused 
by an atypical healing response in 
which the epithelium from one side of 
the cornea meets the epithelium from 
the other side and creates the appear-
ance of a herpes dendrite in the area 
where they meet,” says Dr. Stein. 

Endothelial Issues

To prevent the treatment from dam-
aging the endothelium, surgeons say 
adherence to the cross-linking protocol 
is crucial, especially with regard to cor-
neal thickness.

Dr. Stein says a patient with a thin 
cornea is a concern. “We know we 
need a cornea around 400-µm thick 
to be safe with corneal collagen cross-
linking, since this prevents the UV 
light from damaging the corneal en-
dothelium,” he says. “We’ve found that 
there are a variety of ribofl avin drops 
that can induce swelling in the cornea. 
For patients with a clear cornea, even 
if their corneal thickness is as low as
320 µm, we can induce enough swell-
ing with these drops to get their cor-
nea above 400 µm to allow us to per-
form cross-linking safely. The drop is 
a hypotonic solution of ribofl avin, and 
we have ours made up by a specialty 
pharmacy in Toronto. There are other 
drops that are available in Europe, and 
quite a few compounding pharmacies 
can make them.”

Dr. Stein says he’s seen patients 
have a stromal reaction postop that 
includes some edema, but hasn’t had 
any permanent corneal edema after 
cross-linking. “This would be a serious 
issue and, if it happened, you’d be con-
cerned about damage to endothelial 
cells,” he avers. “But as long as we’ve 
been respecting the 400-µm minimum 
thickness, we haven’t seen it.”

In the rare instance that there does 

appear to be some endothelial dam-
age, Dr. Luchs says all may not be lost. 
“Were it to happen, the fi rst thing you 
want to do is simply wait,” he says. “The 
endothelium can recover after undam-
aged endothelium slides in and takes 
over the function in the area where 
the damaged endothelium had been 
present. You can often see some visual 
recovery over time after this happens; 
the endothelium could be damaged 
but not dead, and there could be po-
tential for recovery. In general, you 
want to wait at least three months after 
the onset of the problem for endothe-
lial recovery. If recovery doesn’t occur, 
then you have to consider some sort of 
transplantation procedure, whether it 
be DSAEK or, more likely since these 
corneas are usually already misshapen, 
a full-thickness transplant.”

Treatment Failure

Though it’s not a complication per 
se, an undesirable outcome of cross-
linking would be for the patient’s cor-
neal disease to continue to progress. 

Dr. Stein says that, in his experience, 
most cases will remain stable. “In gen-
eral, if the patient’s corneal steepness is 
58 D or less, there’s a 98- to 99-percent 
chance that the cornea will be stable 
after cross-linking and won’t need an 
additional treatment,” he says. “We’ll 
wait six to 12 months before observ-

ing that, because it’s hard to tell if the 
cornea’s stabilizing on topography 
maps before six months. However, if 
we see progressive steepening after six 
months we’d become concerned and 
offer a second treatment.” Retreat-
ments are performed exactly like the 
primary treatment, surgeons say.

Dr. Trattler says that a cornea in 
which keratoconus progresses after 
cross-linking isn’t exactly a failure, it 
just had a severe case of the disease. 
“When you do a cross-linking treat-
ment, you make the cornea stronger,” 
he says. “So, if a cornea is exception-
ally weak, and you then strengthen 
it by a certain amount, it still might 
not be strengthened enough to keep 
it from progressing. It’s kind of like a 
barrier in the road that may slow a car 
but not stop it. In that case, you might 
need two barriers. In cross-linking, a 
second treatment strengthens the cor-
nea further. Hopefully, with a second 
treatment you get a stiff enough cornea 
that it doesn’t progress anymore. One 
key that we’ve learned is, if you want 
to reduce the chance of failure in a 
cross-linking patient, stress to him to 
not rub his eyes. Rubbing contributes 
to progression.”

Dr. Luchs says that, when the 
proper protocols are followed, corneal 
cross-linking is, on balance, a safe and 
effective procedure. “We have some-
thing on the order of 16 years of data 
demonstrating the effi cacy of this pro-
cedure for keratoconus,” he says. “The 
upside of this procedure is high: Pa-
tients can lock down their disease in 
an early state before it progresses and 
prevent the need for a corneal trans-
plant in their lifetime. And the down-
side risk is very small because of the 
low risk of complications, especially 
with epithelium-on but even with epi-
off procedures. Patients have very little 
to lose, and everything to gain.”  

1. Koller T, Mrochen M, Seiler T. Complication and failure rates after 
corneal crosslinking. J Cataract Refract Surg 2009;35:8:1358-62. 
2. Kymionis GD, Portaliou DM, Bouzoukis DI, et al. Herpetic keratitis 
with iritis after corneal crosslinking with riboflavin and ultraviolet 
A for keratoconus. J Cataract Refract Surg 2007;33:1982.

Surgeons say that most cases of corneal 

haze after cross-linking are transient.
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There is a signifi cant unmet need 
for next-generation retinal thera-

peutics capable of improving visual 
outcomes in age-related macular de-
generation, retinal detachment and 
other diseases in which damage to 
photoreceptors and the underlying 
retinal pigment epithelium limits 
long-term visual function. Recent 
work on photoreceptor survival and 
death in animal models of retinal 
detachment and AMD, along with 
clinicopathologic correlations, have 
led to a better understanding of the 
role of apoptosis and the Fas path-
way in human retinal disease. As the 
common final pathway of RPE and 
photoreceptor cell death, Fas-medi-
ated apoptosis represents an excellent 

clinical target. Inhibitors of the Fas 
pathway amenable to local delivery 
have been identifi ed and evaluated in 
animal models of retinal detachment 
and AMD, where they show promis-
ing early signs of effi cacy. 

Background

The last decade has witnessed tre-
mendous improvements in the medi-
cal and surgical management of retinal 
diseases, including the introduction of 
anti-vascular endothelial growth fac-
tor therapy, long-acting corticosteroid 
implants and small-gauge vitrectomy. 
These technologies have benefited 
patients tremendously, leading to a 
marked reduction in vision loss result-

ing from a broad spectrum of retinal 
diseases. However, despite these ad-
vances, signifi cant vision loss still oc-
curs, both in the acute disease setting 
and over time in chronic diseases such 
as AMD. 

For example, although 95 percent 
of AMD patients with a new choroi-
dal neovascular membrane maintain 
vision for the fi rst two years following 
the initiation of anti-VEGF therapy, 
stability is traditionally defi ned as less 
than 15 letters lost. As such, a signifi -
cant percentage of patients with wet 
AMD lose some vision despite the 
early initiation of therapy, success-
ful resolution of macular fluid and 
prevention of major complications, 
such as submacular hemorrhage or 
disciform scarring. This vision loss 
can occur within weeks or months and 
is likely due to molecular pathways 
triggered within the retina. Similarly, 
patients undergoing chronic treat-
ment for wet AMD show signifi cant 
amounts of progressive vision loss de-
spite the initial stabilization afforded 
by anti-VEGF therapy. The SEVEN-
UP study documented a mean loss of 
8.6 ETDRS letters in study subjects 
over an average of 7.3 years, and 34 

David M. Kleinman, MD, MBA, Rocherster, N.Y., and David N. Zacks, MD, PhD, Ann Arbor, Mich.

Novel research is exploring protecting photoreceptors and the 
retinal pigment epithlium in multiple models of retinal disease.

Targeting Fas in
Retinal Disease

Figure 1. Example of experimentally induced retinal detachment in rat model.4
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percent showed visual acuity decreas-
es by 15 letters or more. Macular at-
rophy was detected in 98 percent of 
study eyes.1 These fi ndings are clini-
cally relevant and concerning, as oth-
erwise functional individuals develop 
visual disability that leads to suffering 
and loss of independence. 

There are equally important visual 
impairment concerns related to dry 
AMD, which is present in all wet 
AMD patients. Here, though, the 
critical pathological processes do not 
necessarily involve VEGF upregula-
tion. While anti-VEGF therapy may 
be able to effectively limit a rapid 
worsening of central visual function 
due to wet AMD in a vast majority of 
treated individuals, it has little effect 
on the progression of retinal atrophy 
due to the underlying dry component. 
This issue is critical as dry AMD ac-
counted for approximately 55 per-
cent of patients with AMD in 2000, 
and its impact on the AMD patient 
landscape is growing. With dry AMD 
projected to affect nearly 3 million 
Americans by 2020, it is readily ap-

parent that an alternative therapeutic 
approach is needed to address vision 
loss in these patients.2

Even though AMD often dominates 
the retinal disease discussion, there 
are also less prevalent conditions lead-
ing to signifi cant vision loss for which 
retina specialists are seeking better 
therapies. An example is macula-off 
retinal detachment, which affects 
about 25,000 people in the United 
States each year. Surgical therapy for 
retinal detachment is highly effec-
tive at re-attaching the retina but it is 
unable to consistently prevent vision 
loss caused by the condition. A recent 
prospective trial in macula-off retinal 
detachment showed that the average 
postoperative visual acuity at one year 
was 0.57 logMAR or approximately 
20/70.3 Clearly, a pharmacologic ap-
proach that could be combined with 
surgical care to improve visual out-
comes in macula-off retinal detach-
ment would provide great value to 
both patients and physicians. Interest-
ingly, it may be through investigating 
non-neovascular retinal disease such 

as retinal detachment that new targets 
for enabling the preservation of vi-
sion, generally, are better understood.

It is widely known that photorecep-
tor cell death is the ultimate cause of 
permanent vision loss across a wide 
spectrum of retinal diseases. A series 
of studies evaluating photoreceptors 
in animal models of retinal detach-
ment and cadaver eyes has enhanced 
our understanding of retinal and RPE 
cell survival and death. Specifi cally, it 
is now understood that Fas-mediated 
programmed cell death, including 
apoptosis, plays a critical role in photo-
receptor loss in many retinal diseases. 
Disruption of photoreceptor-RPE ho-
meostasis leads to upregulation of the 
Fas receptor and Fas ligand and the 
initiation of programmed cell death. 
Retinal detachment is the obvious 
leading example of this disruption, 
since the photoreceptors are physical-
ly separated from the RPE by subreti-
nal fl uid as is seen in a neurosensory 
detachment. Evidence is mounting 
that other disease processes also trig-
ger these same cellular events seen in 
retinal detachment. It is worthwhile 
to take a closer look at the evidence 
pointing to the role of Fas in photore-
ceptor and RPE cell death in several 
key retinal diseases, and at potential 
therapeutic agents.

Apoptosis & the Role of Fas in RD

Researchers have studied the mech-
anism of photoreceptor cell death in 
retinal detachment in a rat model of 
the condition. Photoreceptors were 
found to show well-known charac-
teristics of apoptosis such as pyknotic 
nuclei, TUNEL positive staining and 
caspase activation.4 Additional work 
with this model demonstrated a time-
dependent formation of the FAS-re-
ceptor/FAS-ligand complex following 
experimental detachment, as well as 
upregulation of the Fas receptor and 
Fas ligand.5 Confirming the role of 
the Fas pathway in photoreceptor cell 

Figure 2. Retinal pigment epithelium apoptosis precedes photoreceptor apoptosis after 

NaIO3 treatment. TUNEL staining is apparent in RPE layer at day one, followed by increased 

TUNEL in photoreceptors at day three. (Besirli CG, et al. IOVS 2011;52:ARVO E-Abstract 

4458.)
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death, researchers have showed that 
inhibition of the Fas receptor in this 
model leads to photoreceptor survival 
in treated vs. control eyes.6-8

An important correlation to hu-
man disease was provided by a sepa-
rate clinicopathologic case series in 
which retinal tissue fragments were 
excised during retinal detachment 
surgery and subsequently analyzed 
microscopically. The outer nuclear 
layer (location of the cell bodies of 
the photoreceptors) showed TUNEL 
positivity, leading to the conclusion 
that human photoreceptor cells fol-
low a similar pattern of apoptosis to 
that seen in animal models.8 Taken 
together, this research suggests that it 
is likely that photoreceptor cell death 
due to apoptosis (and to a lesser de-
gree, necroptosis*) is a major cause of 
reduced vision in macula-off retinal 
detachment. Inhibiting Fas-receptor 
activation should lead to improved 
photoreceptor cell survival in the 
clinic.

(*Necroptosis is a more orga-
nized form of necrosis in which cel-
lular components are released into 

the extracellular space rather than 
packaged into apoptotic bodies for 
degradation, which occurs in apop-
tosis. Retinal detachment also leads 
to necroptosis of the photoreceptor. 
Activation of necroptosis, however, 
is downstream of the Fas-receptor. 
Blocking Fas-receptor activation pre-
vents both photoreceptor apoptosis 
and necroptosis.26 Thus, apoptosis and 
necroptosis are triggered by the up-
stream activation of the Fas receptor 
by Fas ligand.)

Fas Activation in Wet AMD

The hallmark of wet AMD is the 
development of a choroidal neo-
vascular membrane. CNV, in turn, 
leads to leakage of plasma into the 
subretinal space, as well as intrareti-
nal edema. Alterations in the rela-
tionship between the photoreceptor  
layer and the RPE thus occur at a 
very physical level. Clearly, although 
the extent of fluid collecting under 
the neurosensory retina may be much 
greater in a bullous macula-off retinal 
detachment, the fundamental process 

is similar—a separation between the 
RPE and photoreceptors. And, not 
surprisingly, photoreceptor apoptosis 
has been demonstrated in a mouse 
model of laser-induced CNV. Further 
research with cadaver eyes provides 
clinical support for photoreceptor 
death by apoptosis through the dem-
onstration of TUNEL-positive stain-
ing and Fas receptor upregulation in 
the macular region of human eyes 
with wet AMD.11 Additionally, work 
on both surgically excised CNV in 
AMD and on relevant animal mod-
els has described apoptosis in RPE 
cells.12,13

This information is important for 
several reasons. First, it confi rms ac-
tivation of the Fas pathway in wet 
AMD in humans. Second, it shows 
that the RPE as well as photorecep-
tors undergo Fas-induced apoptosis 
in human retinal disease. Third, the 
death of the RPE will inevitably lead 
to a separation between RPE and 
photoreceptors in wet AMD. Thus, 
a mechanism for both RPE and pho-
toreceptor apoptotic cell death in wet 
AMD has been identifi ed.

Figure 3A. Representative photomicrographs show decreases in caspase activation and number of TUNEL-positive cells corresponding to 

increased long-term survival of photoreceptors. Retinas were detached in the presence of Met12 (50 ug), scrambled peptide mMet (50 

ug) or vehicle (dimethylsulfoxide), injected into the subretinal space at the time of detachment. Eyes were enucleated after two months of 

detachment, and paraffi n sections were stained with 0.5% toluidine blue. INL: inner nuclear layer; ONL: outer nuclear layer.25

Figure 3B. Outer nuclear layer cell counts 

normalized to retinal thickness.25
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INDICATIONS AND IMPORTANT SAFETY INFORMATION 

INDICATIONS
  EYLEA® (afl ibercept) Injection is indicated for the treatment 
of patients with Neovascular (Wet) Age-related Macular 
Degeneration (AMD), Macular Edema following Retinal Vein 
Occlusion (RVO), Diabetic Macular Edema (DME), and Diabetic 
Retinopathy (DR) in Patients with DME. 

CONTRAINDICATIONS
  EYLEA® (afl ibercept) Injection is contraindicated in patients 
with ocular or periocular infections, active intraocular 
infl ammation, or known hypersensitivity to afl ibercept or 
to any of the excipients in EYLEA.

WARNINGS AND PRECAUTIONS
  Intravitreal injections, including those with EYLEA, have been 
associated with endophthalmitis and retinal detachments. 
Proper aseptic injection technique must always be used 
when administering EYLEA. Patients should be instructed 
to report any symptoms suggestive of endophthalmitis or 
retinal detachment without delay and should be managed 
appropriately. Intraocular infl ammation has been reported 
with the use of EYLEA.

  Acute increases in intraocular pressure have been seen 
within 60 minutes of intravitreal injection, including with 
EYLEA. Sustained increases in intraocular pressure have also 
been reported after repeated intravitreal dosing with VEGF 
inhibitors. Intraocular pressure and the perfusion of the optic 
nerve head should be monitored and managed appropriately.

  There is a potential risk of arterial thromboembolic events 
(ATEs) following intravitreal use of VEGF inhibitors, including 
EYLEA. ATEs are defi ned as nonfatal stroke, nonfatal 
myocardial infarction, or vascular death (including deaths of 
unknown cause). The incidence of reported thromboembolic 
events in wet AMD studies during the fi rst year was 1.8% 
(32 out of 1824) in the combined group of patients treated 
with EYLEA. The incidence in the DME studies from baseline 
to week 52 was 3.3% (19 out of 578) in the combined group 
of patients treated with EYLEA compared with 2.8% (8 out 
of 287) in the control group; from baseline to week 100, 
the incidence was 6.4% (37 out of 578) in the combined 
group of patients treated with EYLEA compared with 4.2% 
(12 out of 287) in the control group. There were no reported 
thromboembolic events in the patients treated with EYLEA in 
the fi rst six months of the RVO studies.

ADVERSE REACTIONS
  Serious adverse reactions related to the injection procedure 
have occurred in <0.1% of intravitreal injections with EYLEA 
including endophthalmitis and retinal detachment.

  The most common adverse reactions (≥5%) reported in 
patients receiving EYLEA were conjunctival hemorrhage, 
eye pain, cataract, vitreous fl oaters, intraocular pressure 
increased, and vitreous detachment.

Choose EYLEA® (afl ibercept) 
Injection from the start

Learn about EYLEA at EYLEA.us/ro

As demonstrated in phase 3 clinical 
trials in patients with Wet AMD, 
Macular Edema following RVO, DME, 
and DR in patients with DME
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For complete details, see Full Prescribing Information.
1 INDICATIONS AND USAGE
EYLEA® (aflibercept) Injection is indicated for the treatment of patients 
with Neovascular (Wet) Age-Related Macular Degeneration (AMD), 
Macular Edema following Retinal Vein Occlusion (RVO), Diabetic Macular 
Edema (DME), and Diabetic Retinopathy (DR) in Patients with DME.

2 DOSAGE AND ADMINISTRATION
2.1 Important Injection Instructions. For ophthalmic intravitreal 
injection. EYLEA must only be administered by a qualified physician.
2.2 Neovascular (Wet) Age-Related Macular Degeneration (AMD). 
The recommended dose for EYLEA is 2 mg (0.05 mL or 50 microliters) 
administered by intravitreal injection every 4 weeks (monthly) for the 
first 12 weeks (3 months), followed by 2 mg (0.05 mL) via intravitreal 
injection once every 8 weeks (2 months). Although EYLEA may be dosed 
as frequently as 2 mg every 4 weeks (monthly), additional efficacy was 
not demonstrated when EYLEA was dosed every 4 weeks compared to 
every 8 weeks.
2.3 Macular Edema Following Retinal Vein Occlusion (RVO). The 
recommended dose for EYLEA is (0.05 mL or 50 microliters) administered 
by intravitreal injection once every 4 weeks (monthly).
2.4 Diabetic Macular Edema (DME). The recommended dose for EYLEA 
is (0.05 mL or 50 microliters) administered by intravitreal injection every 
4 weeks (monthly) for the first 5 injections followed by 2 mg (0.05 mL) 
via intravitreal injection once every 8 weeks (2 months). Although EYLEA 
may be dosed as frequently as 2 mg every 4 weeks (monthly), additional 
efficacy was not demonstrated when EYLEA was dosed every 4 weeks 
compared to every 8 weeks.
2.5 Diabetic Retinopathy (DR) in Patients with DME. The recommended 
dose for EYLEA is 2 mg (0.05 mL or 50 microliters) administered by 
intravitreal injection every 4 weeks (monthly) for the first 5 injections, 
followed by 2 mg (0.05 mL) via intravitreal injection once every 8 weeks 
(2 months). Although EYLEA may be dosed as frequently as 2 mg every 
4 weeks (monthly), additional efficacy was not demonstrated when EYLEA 
was dosed every 4 weeks compared to every 8 weeks. 
2.6 Preparation for Administration. EYLEA should be inspected 
visually prior to administration. If particulates, cloudiness, or discoloration 
are visible, the vial must not be used. Using aseptic technique, the 
intravitreal injection should be performed with a 30-gauge x ½-inch 
injection needle. For complete preparation for administration instructions, 
see full prescribing information.

2.7 Injection Procedure. The intravitreal injection procedure should be 
carried out under controlled aseptic conditions, which include surgical 
hand disinfection and the use of sterile gloves, a sterile drape, and a 
sterile eyelid speculum (or equivalent). Adequate anesthesia and 
a topical broad–spectrum microbicide should be given prior to the 
injection. 
Immediately following the intravitreal injection, patients should be 
monitored for elevation in intraocular pressure. Appropriate monitoring 
may consist of a check for perfusion of the optic nerve head or 
tonometry. If required, a sterile paracentesis needle should be available. 
Following intravitreal injection, patients should be instructed to report any 
symptoms suggestive of endophthalmitis or retinal detachment (e.g., eye 
pain, redness of the eye, photophobia, blurring of vision) without delay 
(see Patient Counseling Information).
Each vial should only be used for the treatment of a single eye. If the 
contralateral eye requires treatment, a new vial should be used and the 
sterile field, syringe, gloves, drapes, eyelid speculum, filter, and injection 
needles should be changed before EYLEA is administered to the other eye.
After injection, any unused product must be discarded.

3 DOSAGE FORMS AND STRENGTHS
Single-use, glass vial designed to provide 0.05 mL of 40 mg/mL solution 
(2 mg) for intravitreal injection.

4 CONTRAINDICATIONS
EYLEA is contraindicated in patients with 
• Ocular or periocular infections
• Active intraocular inflammation
• Known hypersensitivity to aflibercept or any of the excipients in EYLEA. 

Hypersensitivity reactions may manifest as severe intraocular inflammation

5 WARNINGS AND PRECAUTIONS
5.1 Endophthalmitis and Retinal Detachments. Intravitreal injections, 
including those with EYLEA, have been associated with endophthalmitis 
and retinal detachments (see Adverse Reactions). Proper aseptic injection 
technique must always be used when administering EYLEA. Patients should 
be instructed to report any symptoms suggestive of endophthalmitis or 
retinal detachment without delay and should be managed appropriately 
(see Dosage and Administration and Patient Counseling Information).
5.2 Increase in Intraocular Pressure. Acute increases in intraocular 
pressure have been seen within 60 minutes of intravitreal injection, 
including with EYLEA (see Adverse Reactions). Sustained increases in 
intraocular pressure have also been reported after repeated intravitreal 
dosing with vascular edothelial growth factor (VEGF) inhibitors. Intraocular 
pressure and the perfusion of the optic nerve head should be monitored 
and managed appropriately (see Dosage and Administration).
5.3 Thromboembolic Events. There is a potential risk of arterial 
thromboembolic events (ATEs) following intravitreal use of VEGF inhibitors, 
including EYLEA. ATEs are defined as nonfatal stroke, nonfatal myocardial  
infarction, or vascular death (including deaths of unknown cause). The 

incidence of reported thromboembolic events in wet AMD studies during 
the first year was 1.8% (32 out of 1824) in the combined group of patients 
treated with EYLEA. The incidence in the DME studies from baseline to 
week 52 was 3.3% (19 out of 578) in the combined group of patients 
treated with EYLEA compared with 2.8% (8 out of 287) in the control 
group; from baseline to week 100, the incidence was 6.4% (37 out of 
578) in the combined group of patients treated with EYLEA compared 
with 4.2% (12 out of 287) in the control group. There were no reported 
thromboembolic events in the patients treated with EYLEA in the first six 
months of the RVO studies.

6 ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in the 
Warnings and Precautions section of the labeling:
• Endophthalmitis and retinal detachments
• Increased intraocular pressure
• Thromboembolic events
6.1 Clinical Trials Experience. Because clinical trials are conducted 
under widely varying conditions, adverse reaction rates observed in the 
clinical trials of a drug cannot be directly compared to rates in other 
clinical trials of the same or another drug and may not reflect the rates 
observed in practice.
A total of 2711 patients treated with EYLEA constituted the safety 
population in seven phase 3 studies. Among those, 2110 patients were 
treated with the recommended dose of 2 mg. Serious adverse reactions 
related to the injection procedure have occurred in <0.1% of intravitreal 
injections with EYLEA including endophthalmitis and retinal detachment. 
The most common adverse reactions (≥5%) reported in patients receiving 
EYLEA were conjunctival hemorrhage, eye pain, cataract, vitreous floaters, 
intraocular pressure increased, and vitreous detachment.
Neovascular (Wet) Age-Related Macular Degeneration (AMD). The 
data described below reflect exposure to EYLEA in 1824 patients with wet 
AMD, including 1223 patients treated with the 2-mg dose, in 2 double-
masked, active-controlled clinical studies (VIEW1 and VIEW2) for 12 months.

Table 1: Most Common Adverse Reactions (≥1%) in Wet AMD Studies

Adverse Reactions
EYLEA 

(N=1824)

Active Control 
(ranibizumab) 

(N=595)
Conjunctival hemorrhage 25% 28%

Eye pain 9% 9%

Cataract 7% 7%

Vitreous detachment 6% 6%

Vitreous floaters 6% 7%

Intraocular pressure increased 5% 7%

Ocular hyperemia 4% 8%

Corneal epithelium defect 4% 5%
Detachment of the retinal pigment 
epithelium

3% 3%

Injection site pain 3% 3%

Foreign body sensation in eyes 3% 4%

Lacrimation increased 3% 1%

Vision blurred 2% 2%

Intraocular inflammation 2% 3%

Retinal pigment epithelium tear 2% 1%

Injection site hemorrhage 1% 2%

Eyelid edema 1% 2%

Corneal edema 1% 1%

Less common serious adverse reactions reported in <1% of the patients 
treated with EYLEA were hypersensitivity, retinal detachment, retinal tear, 
and endophthalmitis.
Macular Edema Following Retinal Vein Occlusion (RVO). The data 
described below reflect 6 months exposure to EYLEA with a monthly 2 mg 
dose in 218 patients following CRVO in 2 clinical studies (COPERNICUS and 
GALILEO) and 91 patients following BRVO in one clinical study (VIBRANT).

Table 2: Most Common Adverse Reactions (≥1%) in RVO Studies
Adverse Reactions CRVO BRVO

EYLEA 
(N=218)

Control 
(N=142)

EYLEA 
(N=91)

Control 
(N=92)

Eye pain 13% 5% 4% 5%

Conjunctival hemorrhage 12% 11% 20% 4%
Intraocular pressure 
increased

8% 6% 2% 0%

Corneal epithelium defect 5% 4% 2% 0%

Vitreous floaters 5% 1% 1% 0%

Ocular hyperemia 5% 3% 2% 2%
Foreign body sensation 
in eyes

3% 5% 3% 0%

Vitreous detachment 3% 4% 2% 0%

Lacrimation increased 3% 4% 3% 0%

Injection site pain 3% 1% 1% 0%

Vision blurred 1% <1% 1% 1%

Intraocular inflammation 1% 1% 0% 0%

Cataract <1% 1% 5% 0%

Eyelid edema <1% 1% 1% 0%

Less common adverse reactions reported in <1% of the patients treated 
with EYLEA in the CRVO studies were corneal edema, retinal tear, 
hypersensitivity, and endophthalmitis.

Diabetic Macular Edema (DME). The data described below reflect 
exposure to EYLEA in 578 patients with DME treated with the 2-mg dose 
in 2 double-masked, controlled clinical studies (VIVID and VISTA) from 
baseline to week 52 and from baseline to week 100.

Table 3: Most Common Adverse Reactions (≥1%) in DME Studies
Adverse Reactions Baseline to Week 52 Baseline to Week 100

EYLEA 
(N=578)

Control 
(N=287)

EYLEA 
(N=578)

Control 
(N=287)

Conjunctival hemorrhage 28% 17% 31% 21%

Eye pain 9% 6% 11% 9%

Cataract 8% 9% 19% 17%

Vitreous floaters 6% 3% 8% 6%

Corneal epithelium defect 5% 3% 7% 5%
Intraocular pressure 
increased

5% 3% 9% 5%

Ocular hyperemia 5% 6% 5% 6%

Vitreous detachment 3% 3% 8% 6%
Foreign body sensation 
in eyes

3% 3% 3% 3%

Lacrimation increased 3% 2% 4% 2%

Vision blurred 2% 2% 3% 4%

Intraocular inflammation 2% <1% 3% 1%

Injection site pain 2% <1% 2% <1%

Eyelid edema <1% 1% 2% 1%

Less common adverse reactions reported in <1% of the patients treated 
with EYLEA were hypersensitivity, retinal detachment, retinal tear, corneal 
edema, and injection site hemorrhage.
6.2 Immunogenicity. As with all therapeutic proteins, there is a 
potential for an immune response in patients treated with EYLEA. 
The immunogenicity of EYLEA was evaluated in serum samples. The 
immunogenicity data reflect the percentage of patients whose test results 
were considered positive for antibodies to EYLEA in immunoassays. The 
detection of an immune response is highly dependent on the sensitivity 
and specificity of the assays used, sample handling, timing of sample 
collection, concomitant medications, and underlying disease. For these 
reasons, comparison of the incidence of antibodies to EYLEA with the 
incidence of antibodies to other products may be misleading. 
In the wet AMD, RVO, and DME studies, the pre-treatment incidence of 
immunoreactivity to EYLEA was approximately 1% to 3% across treatment 
groups. After dosing with EYLEA for 24-100 weeks, antibodies to EYLEA 
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Fas Activation in Dry AMD

The role of Fas-mediated photo-
receptor apoptosis also extends to 
the area of dry AMD, as supported 
by data from both animal and hu-
man studies. In animal models of 
retinal degeneration, including light-
induced damage in rats and in mice 
strains with genetic mutations, the 
death of photoreceptors via apoptosis 
has been clearly demonstrated. It has 
been proposed that despite different 
species, genotypes and phenotypes, 
photoreceptor apoptosis is the fi nal 
common pathway in these pathologi-
cal processes.14-18 Additionally, more 
than a decade of clinical research 
into the underlying mechanisms of 
exudative AMD has delivered fi nd-
ings that support the likelihood that 
dry AMD leads to photoreceptor cell 
death via Fas-induced apoptosis.11,19

But what of the RPE? Even if in 
dry AMD photoreceptors die from 
a pathway amenable to intervention 
such as targeting the Fas receptor, 
is it realistic to think that vision in 
patients could be preserved over sig-
nificant periods of time when the 
RPE—which provides critical meta-
bolic support to the photoreceptor—
is also dying? The answer is likely that 
for long-term retinal stability both 
functional RPE and photoreceptors 
are needed. If, however, RPE cells 
were dying in dry AMD from the 
same pathway as the photoreceptor, 
then it is possible that a therapeutic 
agent targeting that pathway could 
be benefi cial to both cell types. 

To this end, evidence is mounting 
that the RPE does die through Fas-
induced apoptosis: 

 • Human RPE cells normally ex-
press low levels of the Fas receptor; 
oxidative stress regulates the expres-
sion of Fas-receptors in the RPE; 
and stressed human RPE shows in-
creased Fas receptor expression.20,21

 • Dry AMD, Fas and changes to 
the blood retinal barrier are implicat-

ed in a positive feedback loop leading 
to RPE apoptosis.22

 • Aging in animal models is associ-
ated with increased blood concentra-
tion of soluble Fas ligand, a fi nding 
that also correlates with a risk factor 
for dry AMD—age.23

 • In a sodium-iodate RPE toxic-
ity model, RPE cells die by apop-
tosis before photoreceptors sec-
ondarily die by apoptosis. (Besirli 
CG, et al. IOVS 2011;52:ARVO E-
Abstract 4458.)

Based on this broad collection of 
research, it is highly likely that vi-
sion loss in dry AMD is a Fas-depen-
dent apoptotic process and the Fas 
pathway leads to cell death in both 
photoreceptors and RPE cells. Ac-
cordingly, the opportunity to simul-
taneously target RPE and photore-
ceptor survival via a single inhibitor 
of Fas-receptor activation is feasible. 

Inhibitors of Fas Activation

Fortunately, therapeutic agents 
capable of inhibiting Fas activation 
exist. Furthermore, these agents are 
amenable to ocular delivery. Ap-
proaches include a Fas-receptor-
neutralizing antibody, small inhibi-
tory RNA against the Fas receptor 
and a small peptide inhibitor of the 
receptor. Each approach has demon-
strated decreased rates of apoptosis 
of photoreceptors following experi-
mental retinal detachment.24,25 In 
particular, a small peptide inhibitor 
called Met12, which originated from 
knowledge of the met oncoprotein, 
has shown signifi cant promise in this 
setting.

Today, as outgrowths of experi-
mental work on Fas and apoptosis in 
retinal detachment, novel research 
is being conducted on protecting 
photoreceptors and the RPE in mul-
tiple models of retinal disease. Mol-
ecules identified in the laboratory 
may promise patients better visual 
outcomes in the face of retinal de-

tachment, AMD and other retinal 
conditions. A clear link between Fas 
pathway activation and a number 
of blinding human retinal diseases 
has been successfully demonstrated, 
leading to the belief that Fas inhibi-
tion represents a potential break-
through approach aimed at preserv-
ing vision in at-risk patients. ONL 
Therapeutics Inc., a biopharmaceuti-
cal company developing novel thera-
pies for preserving sight in a range of 
retinal diseases, has recently identi-
fi ed a more potent analog of Met12, 
and is planning to initiate clinical 
studies in 2016.  

Dr. Kleinman is a part-time associ-
ate professor of ophthalmology at the 
Flaum Eye Institute at the University 
of Rochester where he specializes in 
the medical and surgical care of pa-
tients with retinal disease. He has 
spent more than 10 years working in 
retinal pharmaceutical development 
and currently serves as the chief 
medical offi cer at ONL Therapeutics 
Inc.

Dr. Zacks is a professor of oph-
thalmology and a clinician-scientist 
at the University of Michigan, Kel-
logg Eye Center. Over the past 15 
years his research has focused on the 
molecular regulatory mechanisms 
controlling photoreceptor death or 
survival in retinal disease. He is a 
co-founder of ONL Therapeutics and 
serves as its chief science offi cer.
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By Edward Holland, MD

Early in my ophthalmic career I de-
cided that I wanted to become a 

corneal surgeon. I can still remember 
the photo of the perfectly centered, 
clear penetrating keratoplasty with 
the perfectly symmetric running su-
ture in place. I knew immediately that 
I wanted to perform that surgery.

Corneal disease can result in pro-
found visual loss, and corneal trans-
plantation can provide near normal vi-
sion to many patients. Corneal surgery 
now more than ever encompasses a 
variety of diverse surgical procedures 
that go far beyond penetrating kera-
toplasty and frequently result in out-
standing visual outcomes. For many 
decades, penetrating keratoplasty 
was the predominant procedure per-
formed for many corneal disorders. 
Over the last decade, new techniques 
of lamellar surgery allow for replacing 
only the layers of the corneal that are 
abnormal and leaving the normal lay-
ers: endothelial keratoplasty (DSEK 
and DMEK) for endothelial disease; 
DALK for stromal disease; and ocular 
surface transplantation for epithelial 
disease. In addition keratoprosthetic 
devices, laser vision correction, col-
lagen cross-linking, intrastromal im-
plants are additional procedures that 
have greatly expanded the scope of 
practice of corneal surgeons.

I have been fortunate enough to 
have a career as a corneal surgeon 
and strongly recommend this fi eld to 

any resident looking to subspecialize. 
The following concepts are what I 
feel have been important keys that I 
feel have helped me in my career as a 
corneal surgeon:

 • Find a mentor. Most residents 
have the opportunity to work with 
several corneal surgeons during their 
residency. Identify the corneal sur-
geon who you believe has the willing-
ness and wisdom to guide you during 
your residency and assist you in select-
ing the most appropriate fellowship 
for you. I was fortunate to have access 
to one of the most talented and skilled 
corneal surgeons and teachers in the 
United States during my residency. 
Dick Lindstrom was the director of 
the cornea service at the University 
of Minnesota. As a fi rst year resident 
I sought out Dick’s guidance. He is 
a superb surgeon, great clinician and 
talented researcher. Dick was a tre-
mendous mentor to me during my 
residency. He was always willing to 
take time to talk and give great coun-
sel to me. Dick continues to be a trust-
ed friend and advisor to this day. 

Your fellowship is one of the most 
important years of your life. Seek the 
program and the fellowship director 
who is the best fi t for your goals both 
as a fellow and a practicing corneal 
specialist. I have been fortunate to 
help train 45 corneal fellows during 
my career. I am a colleague, collabora-
tor and friend to many of my former 

A host of 
suggestions from 
the professional 
to the personal
on achieving long-
lasting satisfaction.

Keys to 
Success as a
Corneal Surgeon
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fellows, and I feel I learn as much 
from them as they learn from me after 
they finish and establish successful 
corneal practices.

 • Practice your surgical tech-
niques. The cornea, more than any 
structure of the eye, allows for the 
practice of surgical techniques. Eye 
banks are very willing to provide eyes 
for training. Take advantage of this 
opportunity. Beginning corneal sur-
geons often have trouble with effi-
ciently tying sutures. As residents no 
longer perform a signifi cant number 
of extracapsular cataract surgeries, 
they do not get the opportunity to 
master suturing. Hours of practice 
will make suturing second nature. 
This practice method can be utilized 
throughout a corneal surgeon’s ca-
reer. As new techniques are devel-
oped, such as in the case DSEK and 
DMEK, eye bank eyes can be taken 
to the operating room and corneal 
surgeons can practice these proce-
dures until they’re comfortable and 
ready to perform these surgeries on 
patients. 

 • Collaborate with colleagues 
both within and outside your 
practice. It is valuable to discuss sur-
gical techniques and case manage-
ment with other clinicians throughout 
your career. Having an ongoing inter-
action with other corneal surgeons 
whom you trust is an important asset. 
This collaboration has kept me cur-
rent and continues to make me a bet-
ter clinician and surgeon. Never be 
unwilling to learn, and always keep an 
open mind to new ideas and surgical 
techniques. 

I have been fortunate to work with 
some very talented corneal surgeons 
who have guided and challenged me 
throughout my career. At the Cin-
cinnati Eye Institute, we have many 
skilled cornea and cataract surgeons. 

My anterior segment partners such 
as Michael Nordlund, Robert Osher, 
Michael Snyder and Michael Hater 
continue to teach me surgical innova-
tions. 

It is more of a challenge but in 
many ways more important to seek 
colleagues outside of your practice 
as trusted advisors. Steve Lane, Eric 
Donnenfeld, Mark Mannis and Roger 
Steinert are a few of the many indi-
viduals that have taught, motivated 
and inspired me. I have found my 
continued interaction with these tal-
ented individuals invaluable to my 
career. I have also sought to reach 
out to the next generation of corneal 
surgeons to keep me current and on 
the cutting edge. Terry Kim and Barry 
Lee among others are the next wave 
of leaders, and I have enjoyed work-
ing with and learning from them. 

 • Join and participate in oph-
thalmic organizations. By being 
active in the various ophthalmic so-
cieties you can keep your education 
current and allow you to help shape 
your fi eld. The American Academy of 
Ophthalmology is vital to all ophthal-
mologists and should be supported. 
With regard to corneal surgery itself, 
the American Society of Cataract and 
Refractive Surgery (ASCRS) and its 
Corneal Clinical Committee, the Cor-
nea Society and the Eye Bank As-
sociation of America (EBAA) are the 
most important organizations to the 
fi eld of corneal surgery. Be active in 
these organizations and seek lead-
ership positions. Corneal surgeons’ 
involvement is desperately needed 
and vital to the assurance that the eye 
banking system in the United States 
continues to be successful at provid-
ing an adequate amount and a high 
quality of corneal tissue for our pa-
tients. The EBAA needs physician 
leadership for the development of 

medical standards, for the accredita-
tion of Eye Banks and for interaction 
with the Food and Drug Adminis-
tration, to name a few of the impor-
tant physician activities. The Cornea 
Society is an essential organization 
for education and policy making for 
the specialty of cornea. Numerous 
committee positions are available for 
physician involvement. ASCRS is the 
educational and political voice for all 
anterior segment surgeons and its 
Corneal Clinical Committee is yet 
another opportunity to participate in 
corneal education and policy making. 
It is important to attend major meet-
ings to continue progressing your 
education. It is also very rewarding to 
work in these organizations’ commit-
tees and lead the educational efforts 
to shape the future of corneal surgery. 
Engagement in the activities in these 
societies will not only make you a bet-
ter corneal surgeon but will make you 
a more well-rounded person, particu-
larly in the areas of business, politics 
and process.

 • Stay current with new tech-
niques. It is easy to get complacent 
and not adopt new surgical techniques 
especially later in one’s career. For 
most of my career, penetrating kera-
toplasty made up the vast majority of 
the corneal surgery that I performed. 
As stated above, the last decade has 
seen new, innovative surgical proce-
dures. It wasn’t easy to learn all these 
new techniques. Change can be diffi -
cult. If surgeons don’t continue to stay 
current, like learning the latest en-
dothelial keratoplasty techniques or 
the DALK procedure, their patients 
won’t receive the best surgical options 
and eventually the fi eld will pass the 
surgeon by. Surgeons should chal-
lenge themselves to be on the cutting 
edge and perform the most innovative 
surgeries like they did just after their 
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fellowship and also seek modifi cations 
or improved instrumentation to make 
the procedures safer, easier and better. 
A surgeon should continue to evaluate 
where he is in comparison to the rest 
of his colleagues throughout his career. 

 • Diversify your practice. In or-
der to avoid the potential monotony 
of what you do, it is worthwhile and 
stimulating to develop a variety other 
aspects to your activities in addition to 
patient care. 

1. Be active in clinical research and 
teach at major meetings. Every busy 
clinician has potential data that can 
be evaluated and reported. The in-
volvement in clinical research keeps 
you current and involved. The con-
cept of being “academic” has certainly 
changed over the years. One does not 
have to have an appointment at a uni-
versity to be “academic.” I know clini-
cians who practice at universities who 
do not publish papers, contribute to 
textbooks or present at meetings. Their 
entire effort is the delivery of patient 
care. On the other hand, I know clini-
cians in private practice who conduct 
clinical research, publish papers and 
book chapters and present at meet-
ings and are involved in the major oph-
thalmic organizations. Which is the 
more “academic” clinician? We all have 
something to contribute.

2. Work with industry as a consultant 
or become involved in clinical trials. 
Lately some individuals in government 
and the press portray interaction with 
industry as a negative activity. On the 
contrary, I have found collaboration 
with industry to be valuable for me and 
a benefi t to my patients. It is an oppor-
tunity to help develop new products, 
and physician involvement is critical 
for this development. Working with in-
dustry also allows my patients access to 
the latest technology or medications. I 
have found that the majority of patients 

are interested in clinical research and 
are supportive of my involvement.

 • Find balance in your life. One 
of the most diffi cult challenges we all 
have is fi nding the right balance be-
tween work, family, friends and per-
sonal interests. Maintaining surgical 
skills and devoting your life to patient 
care takes signifi cant time out of your 
life. We should all remember to allot 
and protect time for family and for 
ourselves. This proper balance keeps 
you grounded. Life outside your prac-
tice should be as fulfi lling as your work 
life. Family and close friends help sta-
bilize your life and keep things in the 
right perspective. It is easy to get too 
caught up in career and forget those 
who have stood beside you. Make 
time for them while you can and don’t 
put it off until later, as later may never 
come. 

Being a corneal surgeon is an enor-
mously fulfi lling career and one that 
allows a surgeon to make a tremen-
dous impact on the quality of life of 
patients. The above keys have helped 
to make my career interesting, reward-
ing and given me the ability to provide 
what I hope has been the highest of 
quality of care for my patients.  

Dr. Holland is the director of cornea 
services at Cincinnati Eye Institute and 
a professor of ophthalmology at the 
University of Cincinnati. He served as 
the president of the American Society 
of Cataract and Refractive Surgery 
from 2011 to 2012, and was a member 
of the Executive Committee and now 
serves  as the program chair. He was a 
member of the Board of Trustees for the 
American Academy of Ophthalmol-
ogy. He has been the Secretariat of the 
AAO’s Annual Meeting. He was award-
ed the AAO’s Life Achievement Honor 
Award in 2012. Contact Dr. Holland at
eholland@holprovision.com.
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It’s not a stretch to equate the sci-
ence and art of medical diagnosis 

with wartime code-breaking, the likes 
of which is portrayed in books and 
films such as The Imitation Game. 
Each patient is a transmission to be 
decoded, interpreted and added to 
the sum of data that allows us to trans-
late the disease signs and symptoms 
into a tractable etiology to which we 
can then direct a strategic response. 
Dry eye represents a disease with 
an exceedingly complex encryption: 
Signs and symptoms of the disease 
appear to rise and fall independently 
and are subject to variation according 
to time of day, season, weather and a 
handful of other factors. Deciphering 
the dry-eye disease code is complex, 
and we have yet to translate that code 
into a diagnostic rubric that can point 
the way to a broadly applicable thera-
peutic.

The current treatment paradigms 
include tear substitutes, punctal 
plugs, autologous serum drops, topi-
cal steroids or calcineurin inhibitors.1 
Despite some refi nements in recent 
years, these therapeutic options pro-
vide limited relief for most dry-eye 
patients. At the same time, methods 

of clinical assessment have been slow 
to evolve with our understanding of 
dry eye as a disease of multiple eti-
ologies and a long, diverse natural 
history. Further complications arise 
from complexities that can cloud ef-
fi cacy measures, including large and 
variable placebo effects and compen-
satory mechanisms such as altered 
blink behavior.2

Efforts to surmount these two is-
sues appear to have hit pay dirt with 
the recent clinical development of the 
integrin antagonist lifi tegrast (Shire). 
Knowledge of immune-cell interac-
tions led to the identifi cation of a new 
drug target, while progress in clini-
cal research helped to defi ne patient 
populations in ways that allow for 
apples-to-apples clinical assessment 
and an optimal chance for a thera-
peutic breakthrough. This month, we 
will look at lifi tegrast and examine its 
unique mechanism of action and the 
path that led to recent clinical success 
and an upcoming review by the Food 
and Drug Administration.3 

Infl ammation Is Key

In the search for therapeutic op-

tions it’s thought that one of the keys 
to a successful dry-eye treatment is to 
address the fundamental importance 
of infl ammation in the disease,4,5 even 
though to date most anti-infl ammato-
ries have been found lacking in some 
way. Our best anti-inflammatory 
treatments, corticosteroids, act by di-
minishing expression of the cytokines 
and other signaling molecules, and 
thus dampening the entire response 
machinery. While they do provide re-
lief for some patients, overall the re-
sponse is mixed, and prolonged ocular 
steroid therapy is problematic.6 We 
are left to seek other targets in the 
inflammatory cascade for potential 
therapeutic intervention.

An infl ammatory response can be 
initiated by any number of events, 
including trauma and bacterial or viral 
infi ltration. (See the May 2014 Thera-
peutic Topics for an in-depth review of 
ocular infl ammation.)  The initial re-
sponse awakens an intercellular pro-
tein complex called an infl ammasome 
that converts preformed interleukin 
precursors, especially IL-1β and IL-6, 
to their active forms.7,8 These are re-
leased into circulation where they act 
as attractants for leukocytes, granulo-
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cytes and macrophages that congre-
gate at the sites of insult. Immune 
cell recruits propagate and amplify 
the initial response with the release of 
additional cytokines, and also respond 
to chemo-attractants to move to the 
site of infl ammation and initiate vaso-
dilation and extravasation of immune 
cells out of circulation and into the in-
fl amed tissues. This cycle is normally 
self-limiting, but in some conditions 
an inappropriate, chronic infl amma-
tory state develops.

On the horizon, there are new ther-
apies that target steps in this infl am-
mation pathway, and one of the most 
promising of these is lifi tegrast, a topi-
cally active compound that is specifi -
cally designed to disrupt the cell-to-
cell interactions following the initial 
infl ammatory trigger. The target for 
lifitegrast is Lymphocyte Function 
Antigen-1, fi rst identifi ed as a mem-
brane protein required for cytotoxic T 
cell activity.9 The literature surround-
ing LFA-1’s importance is somewhat 
confusing because it was indepen-
dently identified as LFA-1, as a di-
meric surface marker of lymphocyte 
cell differentiation (CD11/CD18), 
and as the integrin dimer αLβ2.10,11 
In understanding how lifi tegrast can 
elicit an anti-infl ammatory response, 
it’s most useful to consider the drug 
target as a member of the integrin 
family, a class of proteins that mediate 
cell-to-cell contact and communica-
tion.12,13 

There are several protein fami-
lies that have been implicated in the 
cell-to-cell communication that’s key 
to immune-cell recruitment: cell-
adhesion molecules; selectins; and 
integrins.11-13 Through a combination 
of interactions between proteins on 
the immune cell surface and their 
surroundings, cells are mobilized to 
sites of infl ammation response. This 
recruitment involves several specifi c, 
pairwise interactions between the 
cells and their surrounding endothe-
lium. Movement of leukocytes and 

other cells through small arterioles 
and capillaries occurs by a rolling 
mechanism in which selectins bind 
and unbind with opposing glycopro-
teins at relatively low affi nity; some 
integrins may also participate in this 
process. Key to this phase of the re-
cruitment process is the low affi nity 
that allows the cells to move over the 
endothelial surface. 

When the rolling cell arrives at or 
near the site of trauma, local cyto-
kine release has already been at work, 
increasing expression of endothelial 
cell adhesion molecules like ICAM-1 
and V-CAM. These are the receptors 
for leukocyte integrins αLβ2 and α4β1. 
Surface expression of both ICAM-1 
and V-CAM is upregulated by IL-1β 
and by interferon-γ,14,15 and the bind-
ing of ICAM-1 to αLβ2 is a high-affi n-
ity interaction that blocks the leuko-
cyte rolling and triggers cytoskeletal 
rearrangements within the endothe-
lial cell, leading to increases in per-
meability, breakdown of extracellular 
matrices and an increase in the access 
of leukocytes to interstitial space.16 

The regulated expression of ICAM-
1 is a key event in the infl ammatory 
process and in the pathological sub-
version of that process that occurs in 
dry eye. Several studies have dem-
onstrated an increase in ICAM-1 ex-
pression in both humans and dogs 
diagnosed with keratoconjunctivitis 
sicca.17,18 Perhaps more important 
were studies demonstrating that an-
tibodies directed against ICAM-1 or 
LFA-1 could decrease infl ammatory 
infi ltration in a mouse model of ocular 
inflammation.17 These studies vali-
dated the LFA-1/ICAM interaction 
as an appropriate therapeutic target.

Early work targeting this interac-
tion focused on specific regions of 
each molecule involved in the binding 
interaction.19 Using these binding do-
mains as a template, Thomas Gadek, 
PhD, currently CEO of Rogne Bio-
science, and his colleagues tested a 
series of isoquinolones for their abil-
ity to interfere with LFA-1 binding 
to ICAM-1. One of these, designat-
ed SAR 1118, bound to LFA-1 and 
blocked subsequent interaction with 

Integrins as Drug Targets

DRUG
TARGET 

INTEGRIN
INDICATION STATUS COMMENTS

Abciximab 

(Reopro; Janssen 
Biologics),

Eptifi batide 
(Integrilin; Merck),

α2b Thrombosis
FDA-

approved
thrombocytopenia 

limits use

Cilengitide 
(Merck)

Intetumumab 
(Janssen Biologics)

α5
Glioblastoma, other 
metastatic cancers

Phase 
II/III

variable effects on 
survival; may be 
used in combina-

tion therapies

Natalizumab 

(Tysabri; Biogen) α4 Relapsing MS
FDA-

approved

rare, fatal adverse 
effect: progressive 
multifocal leuko-
encephalopathy

Vedolizumab

(Entyvio; Takeda) α4
Crohn’s, ulcerative 

colitis
FDA-

approved

risk of progressive 
multifocal leuko-
encephalopathy

Lifi tegrast

(Shire) αL Dry eye Phase III
under review at 

FDA
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ICAM-1 with IC50 concentrations 
in the 1 to 10 nM range.20 This action 
blocked infi ltration of leukocytes, and 
attenuated release of inflammatory 
cytokines in vitro, including several 
that are elevated in dry eye in human 
tears: INF-γ; IL-1β; IL-6 and IL-10.21 
SAR-1118 (now lifi tegrast) is an excel-
lent example of rational drug design: 
a compound whose structure was re-
fi ned to optimize antagonist activity, 
and at the same time pharmacokinetic 
properties were tailored to best suit 
a topical medication. This yielded a 
drug with good ocular absorbance and 
rapid systemic elimination.20 

From Lab to Clinic

Preclinical studies confi rmed that 
lifi tegrast was an effective anti-infl am-
matory, and specifi cally showed sig-
nifi cant improvements in dogs diag-
nosed with KCS.18 Schirmer’s scores 
increased from a mean value (n=12) 
of 3.4 mm to 5.8 mm following 12 
weeks of treatment. In Phase I stud-
ies, the safety of the drug was estab-
lished, and in particular there was 
little systemic effect of the drug on 
lymphocyte markers or other mea-
sures of normal immune function.22 
The only limitation to this study was 
that patients were primarily young (all 
were under 50, and 75 percent were 
under 40) and all were male. While 
this does not represent the typical 
dry-eye patient, results did confirm 
that the drug is safe up to doses of 5%. 

Like all clinical studies of dry-eye 
treatments, Phase II and Phase III 
trials of lifi tegrast faced the diffi culty 
of a diverse pool of potential study 
patients and the high variability seen 
in both signs and symptoms of the dis-
ease. To address this, a Phase II dose-
ranging study used ORA’s controlled 
adverse environment model.23 A total 
of 228 subjects participated in this 
prospective, multicenter, randomized, 
placebo-controlled, double-masked 
study, with patient inclusion enrich-

ment based upon CAE responses. As 
part of the inclusion criteria, subjects 
for the study had to show a consis-
tent exacerbation in both signs and 
symptoms of dry eye when exposed 
to the ocular stress of the CAE. The 
CAE consists of a specialized room 
(either a permanent site or a mobile 
unit) where humidity, temperature 
and air-fl ow are regulated. In this set-
ting, potential subjects are exposed to 
environmental conditions associated 
with dry eye. Those who showed no 
evidence of worsening of signs and/or 
symptoms following exposure to the 
CAE were not eligible for enrollment 
in the study. Use of the CAE allows 
for a focus on those patients with the 
most reproducible disease. These pa-
tients represent an optimized study 
population that provides the best 
response window in which to assess 
treatment effi cacy. 

The primary endpoint was im-
provement in inferior corneal staining 
versus placebo at 12 weeks, and al-
though the study did not meet this cri-
terion for any of the three treatment 
groups, there was strong evidence 
of dose-dependent improvements in 
staining, and a consistent improve-
ment in all groups compared with 
placebo. Inferior staining for both 1% 
and 5% lifitegrast was significantly 
improved when compared to baseline 
measures, and dose-dependent im-
provements in other secondary signs, 
such as Schirmer’s tests, were also 
signifi cant.

Another promising result from the 
Phase II study was that symptomatic 
improvements in dry eye were also 
seen.22 Compared to baseline mea-
sures, dose-dependent improvements 
in ocular surface disease visual func-
tion scores were statistically signifi-
cant (p<0.05) with both 1% and 5% 
lifi tegrast. 

In addition, the Ora ocular discom-
fort score also showed dose-depen-
dent improvements and was signifi -
cantly improved (p=0.044) for the 

group receiving the 5% dose. 
With these encouraging results, the 

follow-up Phase III (OPUS-1) study 
looked at signs (inferior corneal stain-
ing) and symptoms (visual function 
component of OSDI) in a population 
of 588 dry-eye subjects.23 This trial 
used the same protocol used for the 
Phase II study, including CAE-based 
inclusion criteria and the Ora Calibra 
staining scales, a refined system of 
assessment optimized for measures 
of staining due to dry eye. Use of this 
grading scale involved training the 
investigators in the use of a metric 
distinct from traditional Oxford or 
National Eye Institute scales; in this 
way efficacy measures benefit from 
greater uniformity of assessment. The 
staining scores reflected this: mean 
change from baseline staining for 5% 
lifitegrast was highly significant at 
p=0.0208 (Phase II), and p=0.0007 
(Phase III). While OSDI visual func-
tion improvements did not reach 
statistical significance, symptomatic 
improvements, including eye dryness 
(p=0.029) and Ora ODS (p=0.0273) 
were both signifi cantly improved.

Collectively, the Phase II study and 
the OPUS-1 trial demonstrated a re-
markable degree of reproducibility, 
a key goal for any drug development 
program and a particularly encourag-
ing one for an indication such as dry 
eye, which is known for its variable 
nature. A second Phase III study with 
a larger patient population (n=720; 
NCT01743729) confirmed the abil-
ity of lifi tegrast to provide clinically 
meaningful symptomatic relief for dry 
eye sufferers. 

In recent years, a number of new 
therapies for dry eye have faced clini-
cal hurdles because of the disconnect 
between signs and symptoms of the 
disease. This is what we’ve referred 
to as the enigma of dry eye. The de-
velopment program exemplified by 
lifi tegrast gives us hope that we may 
have cracked the code. Clearly, a bet-
ter understanding of the underlying 
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pathophysiology and a rational ap-
proach to development of new chemi-
cal entities can be critical elements to 
solving this puzzle. Equally important 
is a rigorous approach to clinical de-
sign, including CAE-based inclusion 
criteria and optimized clinical scales. 
These improvements should provide 
the therapeutic bandwidth necessary 
to decipher the challenge that is dry 
eye.  

Dr. Abelson is a clinical professor 
of ophthalmology at Harvard Medi-
cal School, and emeritus surgeon at 
the Massachusetts Eye and Ear Infi r-
mary. Mr. Ousler is vice president of 
dry eye at Ora Inc. Dr. McLaughlin is 
a medical writer at Ora Inc.
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INDICATIONS AND USAGE
ZYLET® (loteprednol etabonate 0.5% and tobramycin 0.3% ophthalmic suspension) is a topical 

anti-infective and corticosteroid combination for steroid-responsive infl ammatory ocular conditions 

for which a corticosteroid is indicated and where superfi cial bacterial ocular infection or a risk of 

bacterial ocular infection exists. 

Please see additional Indications and Usage information on adjacent page, 
including list of indicated organisms.
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INDICATIONS AND USAGE (continued)
Ocular steroids are indicated in infl ammatory conditions of the palpebral and bulbar conjunctiva, cornea 

and anterior segment of the globe such as allergic conjunctivitis, acne rosacea, superfi cial punctate 

keratitis, herpes zoster keratitis, iritis, cyclitis, and where the inherent risk of steroid use in certain infective 

conjunctivitides is accepted to obtain a diminution in edema and infl ammation. They are also indicated 

in chronic anterior uveitis and corneal injury from chemical, radiation or thermal burns, or penetration of 

foreign bodies. 

The use of a combination drug with an anti-infective component is indicated where the risk of superfi cial 

ocular infection is high or where there is an expectation that potentially dangerous numbers of bacteria will 

be present in the eye.

The particular anti-infective drug in this product (tobramycin) is active against the following common 

bacterial eye pathogens: Staphylococci, including S. aureus and S. epidermidis (coagulase-positive 

and coagulase-negative), including penicillin-resistant strains. Streptococci, including some of the 

Group A-beta-hemolytic species, some nonhemolytic species, and some Streptococcus pneumoniae, 

Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes, Proteus 
mirabilis, Morganella morganii, most Proteus vulgaris strains, Haemophilus infl uenzae, and H. aegyptius, 
Moraxella lacunata, Acinetobacter calcoaceticus and some Neisseria species.

IMPORTANT SAFETY INFORMATION
•  ZYLET® is contraindicated in most viral diseases of the cornea and conjunctiva including epithelial herpes 

simplex keratitis (dendritic keratitis), vaccinia, and varicella, and also in mycobacterial infection of the eye 

and fungal diseases of ocular structures.

•  Prolonged use of corticosteroids may result in glaucoma with damage to the optic nerve, defects in 

visual acuity and fi elds of vision. Steroids should be used with caution in the presence of glaucoma. 

If this product is used for 10 days or longer, intraocular pressure should be monitored.

•  Use of corticosteroids may result in posterior subcapsular cataract formation.

•  The use of steroids after cataract surgery may delay healing and increase the incidence of bleb formation. 

In those diseases causing thinning of the cornea or sclera, perforations have been known to occur with 

the use of topical steroids. The initial prescription and renewal of the medication order should be made 

by a physician only after examination of the patient with the aid of magnifi cation such as a slit lamp 

biomicroscopy and, where appropriate, fl uorescein staining.

•  Prolonged use of corticosteroids may suppress the host response and thus increase the hazard of 

secondary ocular infections. In acute purulent conditions, steroids may mask infection or enhance existing 

infections. If signs and symptoms fail to improve after 2 days, the patient should be re-evaluated.

•  Employment of corticosteroid medication in the treatment of patients with a history of herpes simplex 

requires great caution. Use of ocular steroids may prolong the course and exacerbate the severity of 

many viral infections of the eye (including herpes simplex).

•  Fungal infections of the cornea are particularly prone to develop coincidentally with long-term local steroid 

application. Fungus invasion must be considered in any persistent corneal ulceration where a steroid has 

been used or is in use.

•  Most common adverse reactions reported in patients were injection and superfi cial punctate keratitis, 

increased intraocular pressure, burning and stinging upon instillation.

Please see Brief Summary of Prescribing Information on the following page.

®/™ are trademarks of Bausch & Lomb Incorporated or its affi liates.
© 2015 Bausch & Lomb Incorporated. All rights reserved. Printed in USA. US/ZYL/15/0013a
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BRIEF SUMMARY OF PRESCRIBING INFORMATION
This Brief Summary does not include all the information needed to use Zylet safely 
and effectively. See full prescribing information for Zylet.

Zylet®
(loteprednol etabonate 0.5% and tobramycin 0.3% ophthalmic suspension)

Initial U.S. Approval: 2004
DOSAGE AND ADMINISTRATION
2.1 Recommended Dosing
Apply one or two drops of Zylet into the conjunctival sac of the affected eye every four to six 
hours. During the initial 24 to 48 hours, the dosing may be increased, to every one to two hours. 
Frequency should be decreased gradually as warranted by improvement in clinical signs. Care 
should be taken not to discontinue therapy prematurely. 
2.2 Prescription Guideline
Not more than 20 mL should be prescribed initially and the prescription should not be 
refilled without further evaluation [see Warnings and Precautions (5.3)].

CONTRAINDICATIONS
4.1 Nonbacterial Etiology
Zylet, as with other steroid anti-infective ophthalmic combination drugs, is contraindicated 
in most viral diseases of the cornea and conjunctiva including epithelial herpes simplex 
keratitis (dendritic keratitis), vaccinia, and varicella, and also in mycobacterial infection of 
the eye and fungal diseases of ocular structures. 

WARNINGS AND PRECAUTIONS 
5.1 Intraocular Pressure (IOP) Increase
Prolonged use of corticosteroids may result in glaucoma with damage to the optic nerve, 
defects in visual acuity and fields of vision. Steroids should be used with caution in the 
presence of glaucoma.
If this product is used for 10 days or longer, intraocular pressure should be monitored.
5.2 Cataracts
Use of corticosteroids may result in posterior subcapsular cataract formation.
5.3 Delayed Healing
The use of steroids after cataract surgery may delay healing and increase the incidence 
of bleb formation. In those diseases causing thinning of the cornea or sclera, perforations 
have been known to occur with the use of topical steroids. The initial prescription and 
renewal of the medication order should be made by a physician only after examination 
of the patient with the aid of magnification such as a slit lamp biomicroscopy and, where 
appropriate, fluorescein staining.
5.4 Bacterial Infections
Prolonged use of corticosteroids may suppress the host response and thus increase the 
hazard of secondary ocular infections. In acute purulent conditions of the eye, steroids may 
mask infection or enhance existing infection. If signs and symptoms fail to improve after 
2 days, the patient should be re-evaluated.
5.5 Viral Infections
Employment of a corticosteroid medication in the treatment of patients with a history of 
herpes simplex requires great caution. Use of ocular steroids may prolong the course and 
may exacerbate the severity of many viral infections of the eye (including herpes simplex). 
5.6 Fungal Infections
Fungal infections of the cornea are particularly prone to develop coincidentally with long-
term local steroid application. Fungus invasion must be considered in any persistent 
corneal ulceration where a steroid has been used or is in use. Fungal cultures should be 
taken when appropriate.
5.7 Aminoglycoside Hypersensitivity
Sensitivity to topically applied aminoglycosides may occur in some patients. If hypersensitivity 
develops with this product, discontinue use and institute appropriate therapy.

ADVERSE REACTIONS 
Adverse reactions have occurred with steroid/anti-infective combination drugs which can 
be attributed to the steroid component, the anti-infective component, or the combination.
Zylet:
In a 42 day safety study comparing Zylet to placebo, ocular adverse reactions included injection 
(approximately 20%) and superficial punctate keratitis (approximately 15%). Increased 
intraocular pressure was reported in 10% (Zylet) and 4% (placebo) of subjects. Nine percent 
(9%) of Zylet subjects reported burning and stinging upon instillation.
Ocular reactions reported with an incidence less than 4% include vision disorders, 
discharge, itching, lacrimation disorder, photophobia, corneal deposits, ocular discomfort, 
eyelid disorder, and other unspecified eye disorders.
The incidence of non-ocular reactions reported in approximately 14% of subjects was 
headache; all other non-ocular reactions had an incidence of less than 5%.
Loteprednol etabonate ophthalmic suspension 0.2% - 0.5%:
Reactions associated with ophthalmic steroids include elevated intraocular pressure, 
which may be associated with infrequent optic nerve damage, visual acuity and field 
defects, posterior subcapsular cataract formation, delayed wound healing and secondary 
ocular infection from pathogens including herpes simplex, and perforation of the globe 
where there is thinning of the cornea or sclera.
In a summation of controlled, randomized studies of individuals treated for 28 days or 
longer with loteprednol etabonate, the incidence of significant elevation of intraocular 
pressure (≥10 mm Hg) was 2% (15/901) among patients receiving loteprednol etabonate, 
7% (11/164) among patients receiving 1% prednisolone acetate and 0.5% (3/583) among 
patients receiving placebo.
Tobramycin ophthalmic solution 0.3%:
The most frequent adverse reactions to topical tobramycin are hypersensitivity and 
localized ocular toxicity, including lid itching and swelling and conjunctival erythema. 
These reactions occur in less than 4% of patients. Similar reactions may occur with the 
topical use of other aminoglycoside antibiotics. 

Secondary Infection:
The development of secondary infection has occurred after use of combinations containing 
steroids and antimicrobials. Fungal infections of the cornea are particularly prone to 
develop coincidentally with long-term applications of steroids.
The possibility of fungal invasion must be considered in any persistent corneal ulceration 
where steroid treatment has been used.
Secondary bacterial ocular infection following suppression of host responses also occurs.

USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy
Teratogenic effects: Pregnancy Category C. Loteprednol etabonate has been shown to be 
embryotoxic (delayed ossification) and teratogenic (increased incidence of meningocele, 
abnormal left common carotid artery, and limb fixtures) when administered orally to 
rabbits during organogenesis at a dose of 3 mg/kg/day (35 times the maximum daily 
clinical dose), a dose which caused no maternal toxicity. The no-observed-effect-level 
(NOEL) for these effects was 0.5 mg/kg/day (6 times the maximum daily clinical dose). 
Oral treatment of rats during organogenesis resulted in teratogenicity (absent innominate 
artery at ≥5 mg/kg/day doses, and cleft palate and umbilical hernia at ≥50 mg/kg/day) 
and embryotoxicity (increased post-implantation losses at 100 mg/kg/day and decreased 
fetal body weight and skeletal ossification with ≥50 mg/kg/day). Treatment of rats at 
0.5 mg/kg/day (6 times the maximum daily clinical dose) during organogenesis did not 
result in any reproductive toxicity. Loteprednol etabonate was maternally toxic (significantly 
reduced body weight gain during treatment) when administered to pregnant rats during 
organogenesis at doses of ≥5 mg/kg/day.
Oral exposure of female rats to 50 mg/kg/day of loteprednol etabonate from the start 
of the fetal period through the end of lactation, a maternally toxic treatment regimen 
(significantly decreased body weight gain), gave rise to decreased growth and survival 
and retarded development in the offspring during lactation; the NOEL for these effects 
was 5 mg/kg/day. Loteprednol etabonate had no effect on the duration of gestation or 
parturition when administered orally to pregnant rats at doses up to 50 mg/kg/day during 
the fetal period.
Reproductive studies have been performed in rats and rabbits with tobramycin at doses 
up to 100 mg/kg/day parenterally and have revealed no evidence of impaired fertility or 
harm to the fetus. There are no adequate and well controlled studies in pregnant women. 
Zylet should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus.
8.3 Nursing Mothers
It is not known whether topical ophthalmic administration of corticosteroids could result in 
sufficient systemic absorption to produce detectable quantities in human milk. Systemic 
steroids that appear in human milk could suppress growth, interfere with endogenous 
corticosteroid production, or cause other untoward effects. Caution should be exercised 
when Zylet is administered to a nursing woman.
8.4 Pediatric Use
Two trials were conducted to evaluate the safety and efficacy of Zylet® (loteprednol 
etabonate and tobramycin ophthalmic suspension) in pediatric subjects age zero to six 
years; one was in subjects with lid inflammation and the other was in subjects with 
blepharoconjunctivitis. 
In the lid inflammation trial, Zylet with warm compresses did not demonstrate efficacy 
compared to vehicle with warm compresses. Patients received warm compress lid 
treatment plus Zylet or vehicle for 14 days. The majority of patients in both treatment 
groups showed reduced lid inflammation. 
In the blepharoconjunctivitis trial, Zylet did not demonstrate efficacy compared to vehicle, 
loteprednol etabonate ophthalmic suspension, or tobramycin ophthalmic solution. 
There was no difference between treatment groups in mean change from baseline 
blepharoconjunctivitis score at Day 15.
There were no differences in safety assessments between the treatment groups in either trial.
8.5 Geriatric Use
No overall differences in safety and effectiveness have been observed between elderly 
and younger patients.

NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term animal studies have not been conducted to evaluate the carcinogenic potential 
of loteprednol etabonate or tobramycin.
Loteprednol etabonate was not genotoxic in vitro in the Ames test, the mouse lymphoma 
TK assay, a chromosome aberration test in human lymphocytes, or in an in vivo mouse 
micronucleus assay.
Oral treatment of male and female rats at 50 mg/kg/day and 25 mg/kg/day of loteprednol 
etabonate, respectively, (500 and 250 times the maximum clinical dose, respectively) prior 
to and during mating did not impair fertility in either gender. No impairment of fertility was 
noted in studies of subcutaneous tobramycin in rats at 100 mg/kg/day (1700 times the 
maximum daily clinical dose).

PATIENT COUNSELING INFORMATION 
This product is sterile when packaged. Patients should be advised not to allow the dropper 
tip to touch any surface, as this may contaminate the suspension. If pain develops, 
redness, itching or inflammation becomes aggravated, the patient should be advised to 
consult a physician. As with all ophthalmic preparations containing benzalkonium chloride, 
patients should be advised not to wear soft contact lenses when using Zylet.

MANUFACTURER INFORMATION
BAUSCH & LOMB INCORPORATED
TAMPA, FLORIDA 33637 USA
©Bausch & Lomb Incorporated
Zylet is a registered trademark of Bausch & Lomb Incorporated.

Based on 9007705-9004405 Revised 08/2013 US/ZYL/15/0014

RP0915_BL Zylet PI.indd   1RP0915_BL Zylet PI.indd   1 8/12/15   1:40 PM8/12/15   1:40 PM



September 2015 | reviewofophthalmology.com | 63This article has no commercial sponsorship.

Glaucoma Management 
Edited by Kuldev Singh, MD, MPH, and Peter A. Netland, MD, PhDR

E
V

IE
W

There’s  no  quest ion  that our 
medications and surgical proce-

dures have benefi cial purposes. How-
ever, they also have potential down-
sides and drawbacks. They can be a 
friend or foe to our patients—and 
sometimes they’re both. 

This is a good way to think about the 
drugs we prescribe, because we need 
to know not just the ways in which 
they can be friendly, but also the ways 
in which they can cause an adverse 
event. Steroids, in particular, have a 
long list of positive and negative ef-
fects. That makes it especially im-
portant to understand how they work 
in the eye, so you can make well-in-
formed decisions when using them. 
Here, I’d like to review some of what 
we know about how steroids work, 
and why they are both friend and foe.

 
The Good and the Bad

The biological changes triggered 
by corticosteroids are extensive 
and complex. Generally speaking, a 
steroid receptor in the nucleus of each 
cell is stimulated by the drug, causing 
as many as 6,000 genes to be either 
expressed or suppressed—in other 

words, turned on or turned off—all 
within a few hours of exposure to the 
steroid. Adding to the complexity of 
the interaction, the biologic response 
will depend on the type of cell the 
steroid reaches. A keratocyte, for ex-
ample, will respond to a steroid dif-
ferently than a trabecular meshwork 
cell. Your job is to try to use the ste-
roid to manipulate the genes and get 
the result you want to address the pa-
tient’s problem. 

Steroids can have a number of posi-
tive effects: 

• They can be anti-infl ammatory. 
In the cell nucleus, steroid-activated 
glucocorticoid receptors attenuate the 
DNA-mediated release of proinfl am-
matory cytokines and downregulate 
arachidonic acid. Glucocorticoids also 
reduce inflammation at the cellular 
level by inhibiting leukocytes—their 
concentration, migration and activity.

• They reduce vascular per-
meability. This reduces swelling.

• They inhibit phagocytosis and 
the release of growth factors. As a 
result, they inhibit wound healing and 
fi brosis.

• They inhibit fibroblasts, the 
cytokines that stimulate fibro-

blasts, macrophages and other 
factors that attract blood vessel 
growth. This helps to limit the 
wound-healing response.

• They reduce scarring. This is a 
primary reason steroids are used after 
filtration surgery. This effect is the 
result of multiple biochemical steps, 
including reducing the recruitment of 
monocytes and leukocytes.

For these reasons, among others, 
steroids help improve outcomes af-
ter trabeculectomy; they interrupt 
the wound-healing cycle, allowing 
fi ltration to occur. Today, we’re very 
dependent on steroids in glaucoma 
surgery, to help ensure that the sur-
gery is successful.

Unfortunately, at the same time, 
steroids can do some counterproduc-
tive things:

• They can hasten the formation 
of posterior subcapsular cataracts. 
This is obviously a serious drawback if 
the patient is phakic.

• They can cause immunosup-
pression. As a result, for example, if 
someone uses a steroid drop for a long 
time, a fungal keratitis may develop.

• They can cause elevated intra-
ocular pressure. Close to 35 per-

Ronald L. Fellman, MD, Dallas

These drugs can be both benefi cial and harmful—and their 
effects can vary from patient to patient.

Steroids for Glaucoma: 
Both Friend and Foe
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cent of people have a 
worrisome rise in pressure 
with topical steroid use. 
This  was studied by 
Mansour F. Armaly, MD, 
back in the 1960s. He 
put steroid drops in one 
eye of normal volunteers 
three times a day for a 
month. He found that 
there were three levels of 
responders: In 66 percent 
of the people the pressure 
went up by less than 5 mmHg. In 
about 30 percent, pressure increased 
by 6 to 15 mmHg. In about 5 percent 
the pressure went up more than 15 
mmHg. These numbers suggest that 
you need to worry about one out of 
every three people in the healthy pop-
ulation having a steroid response.

Dr. Armaly also noted that in the 
low-response group, IOP increased 
for two weeks and leveled off. But in 
the intermediate and high-response 
groups, IOP continued to rise for four 
weeks—and we don’t know how long 
that rise continued. This suggests that 
checking IOP at two to four weeks 
may not be adequate to determine 
how high steroids will push the IOP in 
individuals who are intermediate- or 
high-level steroid responders.

What Causes the IOP Increase?

The problem of steroids causing an 
increase in IOP has been known to be 
an issue for about 65 years. Studies 
have demonstrated that the reason 
the pressure goes up when steroids 
are being used is increased resistance 
to outfl ow.1 

As noted earlier, generally speaking, 
a steroid receptor in the nucleus of 
each cell is stimulated by the drug. In 
a normal trabecular meshwork cell, 
the glucocorticoid receptors in the 
nucleus come in two types: alpha and 
beta. The beta receptor is believed to 
inhibit the alpha receptor, whose job 
is to manufacture extracellular ma-

trix, or ECM, which can clog up your 
drainage system by forming a kind of 
soup around the cell. Normally the 
beta receptors modulate the degree 
of alpha expressivity, ensuring that 
the alpha receptors don’t make too 
much ECM, thus striking a balance 
that tends to maintain good outfl ow. 
However, in trabecular meshwork 
cells from glaucoma patients, there is 
an imbalance of the two receptors—a 
lack of expressivity of the beta cells. 
Therefore, the alpha receptors are 
left unchecked, leading to an excess 
of ECM that clogs up the outflow 
system.2 The bottom line is that the 
outflow system in patients who are 
high and moderate steroid responders 
becomes constipated. The pressure 
builds, and the patient ends up with 
steroid glaucoma. 

It’s worth noting that steroid glau-
coma and open-angle glaucoma look 
very similar. It’s certainly possible 
that non-steroid-related glaucoma 
has something to do with the alpha 
and beta receptors. Some people 
may simply be born with fewer beta 
receptors or receptors with less ex-
pressivity, making the person more 
susceptible to glaucoma because of 
excess ECM production by the less-
inhibited alpha receptors. (This would 
also make these individuals more 
likely to be steroid responders.)

Steroids also have other negative 
effects on outfl ow that probably con-
tribute to elevating the IOP:

• In addition to causing cells to make 

more ECM, steroids also 
inhibit the mechanisms 
that degrade ECM that 
help to keep the channels 
open. That results in 
increased accumulation 
of ECM and debris in the 
trabecular meshwork. 

• Steroids cause cross-
linking of actin, which 
alters the trabecular 
cytoskeleton. Cross-link-
ing the actin makes any 

blockage stronger and less permeable 
to fl ow.

• Steroids inhibit phagocytosis by 
trabecular meshwork cells, reducing 
the elimination of blockages.

• Steroids increase cell adhesion in 
the tight junctions. This may be the 
reason steroids inhibit blood vessel 
leakage, but you don’t want this in 
glaucoma. If the cells are more tightly 
bound together in the meshwork, 
they’re less likely to let fl uid pass.

Of course, these changes are un-
likely to lead to increased pressure 
if the patient has a functioning tube 
or trabeculectomy; those allow fl uid 
to escape the eye regardless of any 
blockage in the trabecular meshwork.3

Other Considerations

Because the negative effects of ste-
roids can be serious, it’s important to 
remember a few other things:

• Systemic absorption from 
topical drops is significant be-
cause it avoids fi rst-pass hepatic 
metabolism normally seen with a 
pill. The steroid in topical drops is 
systemically absorbed through the 
nasal mucosa, just as happens with 
glaucoma drops such as beta blockers, 
allowing them into the bloodstream. 
One reason this is problematic is that 
it bypasses what is called “fi rst-pass 
hepatic metabolism.” When you take 
a steroid in pill form, it goes into 
your gastrointestinal tract and ends 
up being partially detoxifi ed by your 
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Proper use of steroids can make a huge difference in the way a bleb 

turns out. Left: A bleb that’s injected, red and going to scar down, thanks 

to insuffi cient modulation of wound healing. Right: a healthy, functioning 

bleb resulting from appropriate use of steroids.

063_rp0915_gm.indd   65063_rp0915_gm.indd   65 8/21/15   4:34 PM8/21/15   4:34 PM



Glaucoma
Management R

E
V

IE
W

66 | Review of Ophthalmology | September 2015

liver before it enters the bloodstream. 
In contrast, when a drug is absorbed 
through the nasal mucosa, it’s like 
giving it intravenously. That’s why 
topical drops can have so many side 
effects; they’re not detoxifi ed in their 
fi rst pass through the body.

• Steroids in the vitreous can re-
main there for months. Kenalog or 
triamcinolone injected intravitreally 
can stay in the eye and have both 
positive and negative effects for 
months. They may provide signifi cant 
help in addressing disease processes, 
but at the same time, they can make 
intraocular pressure increase.

• Once a steroid has been sys-
temically absorbed, it can affect 
both eyes. No matter how a steroid 
is used in the eye or in the body, it 
will get into your bloodstream. One of 
the consequences of this is that using 
a topical steroid in one eye can cause 
an IOP rise in the fellow untreated 
eye. You can see this effect with other 
drugs as well; if you put an aqueous 
suppressant like timolol in one eye 
to lower the pressure, it gets into 
your bloodstream and the pressure 
in the other eye goes down a little bit. 
Since steroids may cause a pressure 
increase, this unintended effect on 
the fellow eye is of more concern.

Strategies for Success

Given the pros and cons of steroid 
use, it’s crucial to be on the lookout for 
trouble and take steps to protect your 
patient. These strategies can help:

• Be aware of which patients are 
most likely to have a steroid-in-
duced IOP increase. People falling 
into this category include:

— Glaucoma suspects, primary 
open-angle glaucoma patients and 
low-tension glaucoma patients. 
Studies show that if you have POAG, 
it’s almost a guarantee that steroids 
will cause your pressure to go up. 
Dr. Armaly found that 95 percent 
of POAG patients have a signifi cant 
rise in pressure when treated with 
steroids. In one of his POAG studies, 
glaucoma patients who were off of 
their drops had an average IOP of 26 
mmHg; with steroid drops, 50 percent 
of POAG patients had an IOP above 
40 mmHg at two weeks.1 (I’ve seen 
pressure double in four or fi ve days in 
a glaucoma patient on a q.i.d. steroid.) 
Likewise, almost 100 percent of low-
tension glaucoma patients are steroid 
responders. Even glaucoma suspects 
have a much higher risk of a pressure 
rise than the general population.

— Kids 4 to 6 years old. They can 

have a signifi cant pressure rise.
— First degree relatives of patients 

with POAG.
— Patients with myopia. This is 

especially likely in people with more 
than 5 D of myopia.

— Type I diabetics.
— Previous steroid responders.
— Anyone suffering from traumatic 

glaucoma. The reason for this is not 
yet clear.

— Patients with Fuchs’ dystrophy 
or keratoconus who have had pene-
trating keratoplasty.

Interestingly, if you have pseudo-
exfoliation glaucoma or narrow-angle 
glaucoma, you’re not at increased 
risk of being a steroid responder. The 
reason isn’t clear, but whatever the 
genetic issue is in POAG patients, 
it doesn’t appear to be present in 
narrow-angle patients.

This list of likely steroid responders 
should always be in the back of your 
mind if you’re prescribing steroids for 
any reason. 

• If a patient is on the list of 
likely steroid responders, adjust 
your treatment accordingly. Try 
prescribing a weaker steroid. For 
example, switch from Pred Forte to 
milder prednisolone acetate. Reduce 
the frequency of administration. 

Glucocorticoid Receptors in Glaucoma vs. Healthy Trabecular Meshwork Cell Nuclei
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A normal trabecular meshwork cell nucleus contains both alpha and beta glucocorticoid receptors. The beta receptors are believed to 

inhibit the alpha receptors, whose job is to manufacture extracellular matrix, which can clog up your drainage system. Glaucoma patients’ 

cells have fewer beta receptors, causing the alpha receptor to overproduce ECM, clogging the outfl ow system.
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Consider switching to an NSAID.
Also, check the patient’s pressure 

frequently. If you’re starting an at-risk 
patient on a steroid via any route—
intravitreal, drops, periocular or 
oral—check IOP every two weeks, 
then monthly for two or three months; 
then every three to six months, de-
pending on the type of risk factor the 
patient has. 

• Consider having the patient 
use eyelid closure to minimize 
systemic steroid exposure from 
topical drops. When you put a drop 
in your eye and blink, that pumps 
some of the drug into your nose; from 
there, some is absorbed into your 
bloodstream. Simply keeping your 
eye closed for two or three minutes 
after putting in the drop prevents 
this from happening, increasing the 
absorption of the drug into your eye 
and decreasing the systemic absorp-
tion. Studies have shown that this 
can reduce systemic absorption by 60 
percent.4,5

Another strategy people sometimes 
use to restrict the fl ow of drug into 
the nose is pressing a finger on the 
punctum. I don’t use this approach 
simply because I don’t like having 
patients put their fi ngers near their 
eyes. People don’t wash their hands 
that often, so this is riskier than simply 
closing the eye. Also, studies have 
found that nasal lacrimal occlusion 
and eyelid closure have similar 
success in reducing the systemic level 
of topically applied eye drops.5

It’s very common that the fellow 
eye’s pressure goes up after we do 
a filter. This almost certainly is the 
result of systemic absorption of the 
steroids used after surgery. If a patient 
has this problem, you may want to 
have the patient try eyelid closure; 
this simple strategy may bring the 
pressure back down in the other eye.

• If a problem persists and 
causes glaucomatous or optic 
neuropathy, consider glaucoma 
surgery. Trabeculectomy and tube 

surgery allow the fl uid an escape that 
doesn’t depend on getting through a 
blocked trabecular meshwork. Most 
patients who don’t have preexisting 
glaucoma who get a pressure rise 
with steroids are very responsive to 
glaucoma drops. However, glaucoma 
patients who are already on several 
drops and then get a pressure rise 
in response to a steroid may need to 
have surgery in order to control the 
pressure.

• Be alert for systemic steroid 
problems caused by absorption of 
the topical drops. As already noted, a 
steroid drop placed on the eye will be 
at least partly absorbed systemically. 
In addition to possibly causing the 
pressure to rise in the fellow eye, 
systemic absorption can cause 
problems such as gastrointestinal 
ulcers. (I’ve seen this happen in pa-
tients taking a lot of steroid drops.)

• Be aware of the condition of 
the optic nerve. How much more 
pressure can it handle without 
further damage? Obviously it won’t 
handle much if the eye already 
has glaucomatous damage. In that 
situation, be especially conservative 
with your use of steroids and generous 
in your follow-up schedule.

• Remember that MIGS may not 
protect the patient from a steroid-
related pressure rise. Minimally 
invasive glaucoma surgeries are get-

ting a lot of attention these days. How-
ever, we’ve learned the hard way that 
MIGS won’t always protect you from 
a pressure rise related to steroids—
unlike a trabeculectomy, where you’ve 
created an artifi cial external drain that 
keeps the pressure low. 

Most MIGS surgeries, such as 
a stent or some kind of trabecular 
bypass or trabeculotomy, are designed 
to get the trabecular meshwork to fl ow 
better. If you use a lot of steroids in 
those people, the pressure can still go 
up. This may seem odd, but a recent 
study by Darryl R. Overby, PhD, may 
provide an explanation. We always 
used to think that steroids only clogged 
the upstream collector systems, 
like the trabecular meshwork. Now 
we’re learning that they can also clog 
things downstream, past the point at 
which you’ve opened up the outfl ow 
system with your MIGS. Dr. Overby’s 
study, using a mouse model, showed 
that fibroblasts in the downstream 
collector channels can turn into 
myofi broblasts, making excess ECM 
and clogging up the downstream 
collectors.6 The bottom line is that 
even though you’ve successfully done 
MIGS, it may not be as protective in 
steroid-responsive patients.

Striking a Balance

When it comes to prescribing 

Patients Most Likely to Have a Steroid-induced IOP Increase

• Primary open-angle glaucoma patients
• Low-tension glaucoma patients 
• Glaucoma suspects
• Kids four to six years old
• First degree relatives of patients with POAG
• Patients with myopia
• Type I diabetics
• Previous steroid responders
• Anyone suffering from traumatic glaucoma
• Patients with Fuchs’ or keratoconus who have had penetrating keratoplasty

Note: Among healthy patients, about one in three will have a signifi cant steroid-related 
pressure increase.1 Patients with pseudoexfoliation glaucoma or narrow-angle glaucoma 
are generally not at increased risk of being a steroid responder.
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drugs, the physician’s job is to bal-
ance the friend with the foe. This is 
particularly challenging with steroids. 
For this reason we have to be very 
careful when we give our patients 
steroids. Clearly we use them for 
specific positive purposes, but we 
have to make sure we fi nd the best 
drug, the best concentration, the 
best frequency, the best route of 
delivery—which might be topical, 
peribulbar, intravitreal or systemic—
and only have the patient use it as 
long as necessary. We have to know 
which patients are at the greatest risk 
of suffering an adverse effect from 
the steroid. We need to consider 
eyelid closure in susceptible patients 
to prevent the systemic side effects—
especially pressure rise in the fellow 
eye. And we need to remember that 
having a glaucoma surgery such as 
MIGS is not an assurance that the 

patient won’t experience a rise in 
pressure from corticosteroids.

All of this is very different from our 
concerns when prescribing a typical 
glaucoma drop; there’s usually just 
one route to administer it. Of course, 
even glaucoma drops may occasionally 
become both friend and foe, causing 
cystoid macular edema, uveitis, 
follicular conjunctivitis, dry mouth, 
dry eye, hypotension, kidney stones, 
etc. But steroids are particularly 
potent as both friend and foe. Our 
practice in Dallas sees glaucoma 
patients exclusively, making us acutely 
aware of these issues. But the general 
ophthalmologist has an even tougher 
job because it’s more diffi cult to target 
the steroid responder while treating 
other diseases that may need steroid 
intervention. All eye-care providers 
need to keep the complete steroid 
picture in the back of their mind, to 

provide optimal patient care.  

Dr. Fellman is a clinical associate 
professor emeritus at the University of 
Texas Southwestern Medical Center 
in Dallas, and president of Glaucoma 
Associates of Texas. He has no fi nan-
cial conflicts with any product dis-
cussed in this article.
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As the old saying goes, “Use the 
right tool for the job,” and for high 

myopes many refractive surgeons are 
grateful to have phakic intraocular 
lenses in their toolbox. However, even 
though phakic IOLs are well-suited 
for these patients, surgeons emphasize 
they have to be used the right way. In 
this article, experts well-versed with 
phakic IOL implantation share the 
techniques that will help you get the 
best results with these lenses.

The AMO Verisyse

A common theme with both phakic 
lenses approved in the United States is 
the importance of preop biometry. 

Jeffersonville, Ind., surgeon Asim 
Piracha says the fi rst things surgeons 
should focus on are endothelial cell 
counts, anterior chamber depth and 
iris anatomy.

“The new FDA guidelines are strict 
regarding cell counts,” Dr. Piracha 
says. “The minimum density, based 
on patient age, is listed on the Verisyse 
product insert. You want to see a good, 
dense cell pattern with no guttata.

The second consideration is anterior 
chamber depth,” he continues. “For 

the Verisyse, you want at least 3.2 mm 
from the endothelium to the anterior 
lens capsule. If your device calculates 
anterior chamber depth and includes 
the epithelial surface, you have to sub-
tract that corneal thickness amount 
from the measurement.”

The third factor to consider is the 
iris anatomy. “If the patient has a fl at 
or concave iris, I feel better about im-
planting the lens,” Dr. Piracha says. “If, 
however, it’s convex, raised up anteri-
orly or has a little elevation to it, there’s 
more risk for posterior synechiae. You 
can evaluate the iris using a Pentacam 
or an OCT. Undesirable iris anatomy is 
more of an issue for hyperopes, how-
ever; you hardly ever see convexity in 
high myopes.”

Two unique aspects of the actual 
surgery are that the Verisyse, which is 
non-foldable, requires a relatively large 
incision and is fi xated using a special 
iris enclavation technique that is as 
much art as it is science. “You make 
an incision that’s a little bigger than 
6 mm so you’re not squeezing the lens 
into the wound,” Dr. Piracha explains. 
“If you squeeze it in, you can inadver-
tently pop it in and ding the capsule. 
The sideport incisions are about 10 

mm apart, which means they’re about 
2 mm from the lateral edge of the main 
incision on each side. The key to creat-
ing the sideports is to point your blade 
toward the enclavation site. This is dif-
ferent from the way surgeons usually 
do it, which is to point the blade toward 
the pupillary center.”

The enclavation of the Verisyse, 
which roots it in place, involves us-
ing special claws on either side of the 
lens to grab a small piece of iris. “After 
inserting the lens I rotate it 90 degrees 
and enclavate the nasal haptic fi rst, be-
cause it’s a tighter space,” Dr. Piracha 
explains. “There’s something of an art 
to enclavation. First, you grab the IOL. 
For this step I recommend using an 
Artisan/Verisyse forceps because it has 
a kind of platform to it that prevents 
the lens from fl ipping like a tiddlywink. 
Next, I use an enclavation needle on 
the iris with a motion similar to the 
rubbing motion you’d use to bunch up 
a piece of rug. If you’re enclavating at 
3 and 9 o’clock, start a little superior 
with the needle then push it inferiorly. 
This causes a wrinkle in the iris that 
you then use to enclavate. As to how 
much iris to enclavate, taking too much 
will cause ovalization of the pupil, but 

Walter Bethke, Managing Editor

The more accurate you are at the beginning of the process, 
surgeons say, the more accurate your result will be at the end.

Biometry Is the Key to 
Phakic IOL Success

071_rp0915_rs.indd   71071_rp0915_rs.indd   71 8/21/15   4:37 PM8/21/15   4:37 PM



Refractive
Surgery R

E
V

IE
W

72 | Review of Ophthalmology | September 2015

taking just a little wisp can result in the 
lens being dislocated with any trauma. 
The ideal amount is probably about 
1 mm; you want it just overlapping the 
claw port. As in the story of Goldilocks, 
the best amount is not too much and 
not too little.”

The Staar Visian ICL

As with the Verisyse, preop mea-
surements are crucial to the success of 
Visian ICL implantation.

“Once you’ve decided to implant a 
Visian ICL in a patient, the sizing of 
the lens will make you or break you,” 
avers Majid Moshirfar, MD, co-direc-
tor of the cornea and refractive surgery 
division and professor of ophthalmol-
ogy at the University of California, San 
Francisco Medical Center. “There are 
three keys to determining the proper 
lens size: the sulcus-to-sulcus measure-
ment; the rise of the anterior capsule; 
and the amount of myopia.”

The problem with inaccurate sizing 
is it can lead to postoperative issues. 
“I like the space between the anterior 
crystalline lens capsule and the Visian 
ICL to be between 100 and 400 µm,” 
says Dr. Moshirfar. “If you undersize, 
the vault will be less, and the space 
between the lens and the ICL will be 
small, around 50 to 90 µm. If you over-
size it, however, it creates a huge vault 
and, as a result, the space can be 700 to 
1,000 µm. In this condition, the iris is 
pushed forward and the patient can go 
into a form of angle-closure glaucoma 
that can cause pressure spikes, corneal 
edema, atonic pupil and, in some cas-
es, optic nerve damage if the pressure 
is high for several weeks.”

The first aspect, the width mea-
surement, is best done using ultra-
sound. “We concluded that calipers 
and a white-to-white measurement 
wasn’t the best way to do it,” says Dr. 
Moshirfar. “Now, the standard is ultra-
sound biomicroscopy. The Sonomed 
machine, which scans between 35 and 
50 MHz, gives a good sulcus-to-sulcus 

measurement. It’s OK for a tech to 
measure it, but either you or someone 
else who’s competent in reading ultra-
sound should interpret it.

“Over the past four years,” Dr. 
Moshirfar continues, “I’ve also learned 
that it’s not just the sulcus-to-sulcus 
measurement that’s important, but also 
the shape of the anterior curvature 
of the crystalline lens. I’ve seen some 
eyes in which the curvature of the an-
terior surface of the crystalline lens has 
a high rise to it, and they look almost 
spherical. Then, in other cases, you 
have myopes in whom the crystalline 
lens’s anterior capsule is instead very 
flat-looking. Ultrasound or even the 
Visante OCT can show you the curva-
ture of the anterior surface of the lens 
to some degree, with UBM being the 
better choice. Based on the sulcus-to-
sulcus measurement and the rise of 
the anterior capsule, every Visian ICL 
surgeon has developed a nomogram 
that gives us less risk of being surprised 
after surgery. If the rise is steep, I will 
usually oversize the lens. If it’s fl at then 
I will undersize it.”

The third aspect of sizing to take into 
account is the amount of myopia being 
corrected. “If the power of the ICL is 
7 D or less—such as in a forme fruste 
keratoconus patient on whom I don’t 
want to perform PRK—I usually try 
to oversize my ICL. So, if my nomo-
gram says to put in a 12.1-mm lens, I 
put in a 12.6. On the other hand, if I 

have a correction that’s greater than 
-10 D, I usually try to undersize my 
ICL; if my nomogram says to implant 
a 12.6-mm lens, for example, I’ll put 
in the 12.1-mm lens. If someone were 
to ask which of the factors was most 
important, I’d say the number one is 
the sulcus-to-sulcus measurement, as 
it comprises 90 percent of my decision. 
Next in importance is the rise of the 
anterior capsule. Following that, the 
refractive error would be weighted a 
few percentage points.”

In terms of handling the procedure, 
Dr. Moshirfar says, for one, he doesn’t 
think the size of the peripheral iridec-
tomy is important, but the location 
is. “I’ve had patients do perfectly fi ne 
with small peripheral iridectomies,” 
he says. “I think the ones who end up 
needing a large PI are the patients in 
whom the sizing wasn’t done properly; 
their vault is too much so the surgeon 
has to go back and do additional PIs or 
try to increase the PI’s size. I create two 
YAG PIs two weeks before the surgery. 
I’m meticulous about the PIs being pe-
ripheral and not mid-peripheral. Two 
weeks later, when I’m in the OR and 
have completed the lens implantation, 
I’ll bring down the pupil and use an 
angled Sinksey hook to gently stretch 
each PI to ensure patency.”

Managing the viscoelastic is another 
step during which surgeons can get 
into trouble. “I use OcuCoat and don’t 
try to overinflate the anterior cham-
ber, because the more it’s infl ated, the 
more I have to take out afterward,” Dr. 
Moshirfar says. “At the end, I remove 
the viscoelastic with passive irrigation. 
If you use a coaxial or bimanual I/A 
system, and the pupil is still dilated, 
you can cause transient capsular opaci-
fi cation.”

Dr. Moshirfar feels that if there are 
no problems early on with the ICL, 
that’s a good sign. “I’d say if you can 
properly fi gure out the lens sizing and 
the patient doesn’t have an issue in the 
first two weeks postop, you’re home 
free,” he says.  

Though it’s uncommon, anterior

subcapsular cataract can occur in an ICL 

that has an incorrect vault.
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INDICATIONS AND USAGE:
DUREZOL® Emulsion is a topical corticosteroid that is indicated for: 
•  The treatment of inflammation and pain associated with ocular surgery. 
• The treatment of endogenous anterior uveitis. 
Dosage and Administration 
•   For the treatment of infl ammation and pain associated with ocular surgery instill one 

drop into the conjunctival sac of the aff ected eye 4 times daily beginning 24 hours 
after surgery and continuing throughout the first 2 weeks of the postoperative 
period, followed by 2 times daily for a week and then a taper based on the response. 

•   For the treatment of endogenous anterior uveitis, instill one drop into the con-
junctival sac of the affected eye 4 times daily for 14 days followed by tapering as 
clinically indicated. 

IMPORTANT SAFETY INFORMATION 
Contraindications: DUREZOL® Emulsion, as with other ophthalmic corticosteroids, 
is contraindicated in most active viral diseases of the cornea and conjunctiva including 
epithelial herpes simplex keratitis (dendritic keratitis), vaccinia, and varicella, 
and also in mycobacterial infection of the eye and fungal diseases of ocular structures.
Warnings and Precautions
•   Intraocular pressure (IOP) increase—Prolonged use of corticosteroids may result 

in glaucoma with damage to the optic nerve, defects in visual acuity and fi elds of 
vision. If this product is used for 10 days or longer, IOP should be monitored. 

•  Cataracts—Use of corticosteroids may result in posterior subcapsular 
cataract formation.

•   Delayed healing—The use of steroids after cataract surgery may delay healing 
and increase the incidence of bleb formation. In those diseases causing thinning 
of the cornea or sclera, perforations have been known to occur with the use of 
topical steroids. The initial prescription and renewal of the medication order be-
yond 28 days should be made by a physician only after examination of the patient 
with the aid of magnification such as slit lamp biomicroscopy and, 
where appropriate, fluorescein staining.

•   Bacterial infections—Prolonged use of corticosteroids may suppress the 
host response and thus increase the hazard of secondary ocular infections. 
In acute purulent conditions, steroids may mask infection or enhance existing 
infection. If signs and symptoms fail to improve after 2 days, the patient should 
be re-evaluated. 

•   Viral infections—Employment of a corticosteroid medication in the treatment of 
patients with a history of herpes simplex requires great caution. Use of ocular 
steroids may prolong the course and may exacerbate the severity of many viral 
infections of the eye (including herpes simplex). 

•  Fungal infections—Fungal infections of the cornea are particularly prone to 
develop coincidentally with long-term local steroid application. Fungus invasion 
must be considered in any persistent corneal ulceration where a steroid has been 
used or is in use.  

•  Contact lens wear—DUREZOL® Emulsion should not be instilled while wearing 
contact lenses. Remove contact lenses prior to instillation of DUREZOL® Emulsion. The 
preservative in DUREZOL® Emulsion may be absorbed by soft contact lenses. Lenses 
may be reinserted after 10 minutes following administration of DUREZOL® Emulsion.  

Most Common Adverse Reactions
•  Post Operative Ocular Infl ammation and Pain—Ocular adverse reactions occurring 

in 5-15% of subjects included corneal edema, ciliary and conjunctival hyperemia, 
eye pain, photophobia, posterior capsule opacifi cation, anterior chamber cells, 
anterior chamber fl are, conjunctival edema, and blepharitis.

•  In the endogenous anterior uveitis studies, the most common adverse reactions 
occurring in 5-10% of subjects included blurred vision, eye irritation, eye pain, 
headache, increased IOP, iritis, limbal and conjunctival hyperemia, punctate 
keratitis, and uveitis.

For additional information about DUREZOL® Emulsion, please refer 
to the brief summary of Prescribing Information on adjacent page.
For more resources for eye care professionals, visit MYALCON.COM/DUREZOL.
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LEARN MORE ABOUT DUREZOL® EMULSION FORMULARY ACCESS IN YOUR AREA AT MYALCON.COM/FORMULARY

CORTICOSTEROID COVERAGE IS NOT THE SAME 

*Pooled data from placebo-controlled trials in patients undergoing cataract surgery; P<0.01 vs placebo.
^Trademark is the property of its owner.
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Post-op relief is aff ordable for your patients1-3

DON'T LET POSTOPERATIVE INFLAMMATION AND PAIN LEAVE A BAD IMPRESSION

more cataract patients achieved zero infl ammation on postoperative Days 8 and 15 vs placebo 

• 22%* vs 7% on Day 8; 41%* vs 11% on Day 151 3x
2 x

Nearly as many cataract patients achieved zero pain on postoperative Days 8 and 15 vs placebo

• 58%* vs 27% on Day 8; 63%* vs 35% on Day 151 

•  BETTER or comparable formulary coverage vs generic prednisolone acetate 
on some Medicare Part D plans4-7

• NO therapeutic equivalent to DUREZOL® Emulsion

WHEN TREATING ENDOGENOUS ANTERIOR UVEITIS, DUREZOL® EMULSION WAS NONINFERIOR TO 
PRED FORTE  ̂(DUREZOL® EMULSION 4X DAILY VS PRED FORTE  ̂8X DAILY)1
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BRIEF SUMMARY OF PRESCRIBING INFORMATION

INDICATIONS AND USAGE
Ocular Surgery
DUREZOL®

a topical corticosteroid, is indicated for the treatment 

surgery.
Endogenous Anterior Uveitis
DUREZOL® Emulsion is also indicated for the treatment 
of endogenous anterior uveitis.

DOSAGE AND ADMINISTRATION
Ocular Surgery

eye 4 times daily beginning 24 hours after surgery 

postoperative period, followed by 2 times daily for a 
week and then a taper based on the response.

Endogenous Anterior Uveitis

eye 4 times daily for 14 days followed by tapering as 
clinically indicated.

DOSAGE FORMS AND STRENGTHS
DUREZOL® 

a sterile preserved emulsion for topical ophthalmic 
administration.

CONTRAINDICATIONS
The use of DUREZOL® Emulsion, as with other 
ophthalmic corticosteroids, is contraindicated in most 
active viral diseases of the cornea and conjunctiva 
including epithelial herpes simplex keratitis 
(dendritic keratitis), vaccinia, and varicella, and also in 
mycobacterial infection of the eye and fungal disease 
of ocular structures. 

WARNINGS AND PRECAUTIONS
IOP Increase
Prolonged use of corticosteroids may result in 
glaucoma with damage to the optic nerve, defects 

be used with caution in the presence of glaucoma. If 
this product is used for 10 days or longer, intraocular 
pressure should be monitored.

Cataracts
Use of corticosteroids may result in posterior 
subcapsular cataract formation.

Delayed Healing
The use of steroids after cataract surgery may delay 
healing and increase the incidence of bleb formation. 
In those diseases causing thinning of the cornea or 
sclera, perforations have been known to occur with 
the use of topical steroids. The initial prescription 
and renewal of the medication order beyond 28 days 
should be made by a physician only after examination 

slit lamp biomicroscopy and, where appropriate, 

Bacterial Infections
Prolonged use of corticosteroids may suppress 
the host response and thus increase the hazard 
of secondary ocular infections. In acute purulent 
conditions, steroids may mask infection or enhance 
existing infection. If signs and symptoms fail to 
improve after 2 days, the patient should be re-
evaluated.

Viral Infections
Employment of a corticosteroid medication in the 
treatment of patients with a history of herpes simplex 
requires great caution. Use of ocular steroids may 
prolong the course and may exacerbate the severity 
of many viral infections of the eye (including herpes 
simplex).

Fungal Infections
Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term local steroid 
application. Fungus invasion must be considered in 

any persistent corneal ulceration where a steroid has 
been used or is in use. Fungal culture should be taken 
when appropriate.

Topical Ophthalmic Use Only
DUREZOL® Emulsion is not indicated for intraocular 
administration.

Contact Lens Wear
DUREZOL® Emulsion should not be instilled while 
wearing contact lenses. Remove contact lenses prior to 
instillation of DUREZOL® Emulsion. The preservative in 
DUREZOL® Emulsion may be absorbed by soft contact 
lenses.  Lenses may be reinserted after 10 minutes 
following administration of DUREZOL® Emulsion.

ADVERSE REACTIONS
Adverse reactions associated with ophthalmic steroids 
include elevated intraocular pressure, which may be 
associated with optic nerve damage, visual acuity and 

secondary ocular infection from pathogens including 
herpes simplex, and perforation of the globe where 
there is thinning of the cornea or sclera.

Ocular Surgery
Ocular adverse reactions occurring in 5-15% of 
subjects in clinical studies with DUREZOL® Emulsion 
included corneal edema, ciliary and conjunctival 
hyperemia, eye pain, photophobia, posterior capsule 

ocular adverse reactions occurring in 1-5% of subjects 
included reduced visual acuity, punctate keratitis, 

occurring in < 1% of subjects included application 
site discomfort or irritation, corneal pigmentation and 
striae, episcleritis, eye pruritus, eyelid irritation and 
crusting, foreign body sensation, increased lacrimation, 
macular edema, sclera hyperemia, and uveitis.  Most of 
these reactions may have been the consequence of the 
surgical procedure.

Endogenous Anterior Uveitis
A total of 200 subjects participated in the clinical trials 
for endogenous anterior uveitis, of which 106 were 
exposed to DUREZOL® Emulsion.  The most common 
adverse reactions of those exposed to DUREZOL® 

Emulsion occurring in 5-10% of subjects included 
blurred vision, eye irritation, eye pain, headache, 
increased IOP, iritis, limbal and conjunctival hyperemia, 
punctate keratitis, and uveitis.  Adverse reactions 
occurring in 2-5% of subjects included anterior 

photophobia, and reduced visual acuity.

USE IN SPECIFIC POPULATIONS
Pregnancy
Teratogenic E

shown to be embryotoxic (decrease in embryonic 

and teratogenic (cleft palate and skeletal) anomalies 
when administered subcutaneously to rabbits during 
organogenesis at a dose of 1–10 mcg/kg/day. The 

to be a teratogenic dose that was concurrently found 
in the toxic dose range for fetuses and pregnant 
females. Treatment of rats with 10 mcg/kg/day 
subcutaneously during organogenesis did not result in 
any reproductive toxicity, nor was it maternally toxic. 
At 100 mcg/kg/day after subcutaneous administration 
in rats, there was a decrease in fetal weights and 

human doses of DUREZOL® Emulsion, since DUREZOL® 

Emulsion is administered topically with minimal 

were not measured in the reproductive animal studies. 

pregnancy has not been evaluated and cannot rule 
out the possibility of harm, DUREZOL® Emulsion should 

Nursing Mothers
It is not known whether topical ophthalmic 
administration of corticosteroids could result in 

quantities in breast milk. Systemically administered 
corticosteroids appear in human milk and could 
suppress growth, interfere with endogenous 
corticosteroid production, or cause other untoward 

® 

Emulsion is administered to a nursing woman.

Pediatric Use

Geriatric Use

been observed between elderly and younger patients.

NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, and Impairment of 
Fertility 

in vitro in the Ames 
test, and in cultured mammalian cells CHL/IU (a 

female Chinese hamsters). An in vivo micronucleus 

Treatment of male and female rats with subcutaneous 

mating did not impair fertility in either gender. Long 
term studies have not been conducted to evaluate the 

Animal Toxicology and/or Pharmacology 
In multiple studies performed in rodents and 
non-rodents, subchronic and chronic toxicity tests 

as suppression of body weight gain; a decrease 
in lymphocyte count; atrophy of the lymphatic 

thinning of the skin; all of which were due to the 
pharmacologic action of the molecule and are well 

The NOEL for the subchronic and chronic toxicity tests 
were consistent between species and ranged from 
1–1.25 mcg/kg/day. 

PATIENT COUNSELING INFORMATION
Risk of Contamination 
This product is sterile when packaged. Patients should 
be advised not to allow the dropper tip to touch any 
surface, as this may contaminate the emulsion. 
Use of the same bottle for both eyes is not 
recommended with topical eye drops that are used in 
association with surgery.

Risk of Secondary Infection

becomes aggravated, the patient should be advised to 
consult a physician. 

Contact Lens Wear
DUREZOL® Emulsion should not be instilled while 
wearing contact lenses. Patients should be advised to 
remove contact lenses prior to instillation of DUREZOL® 

Emulsion. The preservative in DUREZOL® Emulsion may 
be absorbed by soft contact lenses.  Lenses may be 
reinserted after 10 minutes following administration of 
DUREZOL® Emulsion.

Revised: May 2013
U.S. Patent 6,114,319

DUREZOL® Emulsion was evaluated in a 3-month, 
multicenter, double-masked, trial in 79 pediatric patients 
(39 DUREZOL® Emulsion; 40 prednisolone acetate) 0 to 3 
years of age for the treatment of inflammation following 
cataract surgery. A similar safety profile was observed in 
pediatric patients comparing DUREZOL® Emulsion to 
prednisolone acetate ophthalmic suspension, 1%.
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By studying the effects of differ-
ent protocols of corneal collagen 

cross-linking on visual, refractive and 
tomographic parameters in patients 
with progressive keratoconus, re-
searchers determined that patients 
who received accelerated cross-link-
ing with irradiations of 30 mW/cm2 
for three minutes fared worse at the 
end of 12 months than conventional 
cross-linking or accelerated cross-
linking of 9 mW/cm2 for 10 minutes 
or 18 mW/cm2 for fi ve minutes.

In the study, 138 eyes of 138 pa-
tients with progressive keratoconus 
underwent corneal collagen cross-
linking. Following detailed preopera-
tive examination, Group I (n=36) un-
derwent conventional cross-linking 
(3 mW/cm2 for 30 minutes); Group II 
(n=36), Group III (n=33) and Group 
IV (n=33) each underwent acceler-
ated cross-linking (Group II: 9 mW/
cm2 for 10 minutes; Group III: 18 
mW/cm2 for five minutes; Group 
IV: 30 mW/cm2 for three minutes). 
Changes in corrected distance visual 
acuity, spherical equivalent, fl at kera-
tometry, steep keratometry, thinnest 
pachymetry, specular microscopy 
and demarcation line were studied at 
six and 12 months.

Improvement in the mean CDVA 
and SE was seen in all groups at the 
one-year follow-up period. However, 
the improvement seen in Group IV 
(p=0.15 at six months; p=0.17 at 12 

months) was not statistically signifi -
cant when compared with the other 
groups. Likewise, Group III (p=0.01 
at six and 12 months) showed the 
best results among all groups. Flat-
tening of steep and fl at keratometry 
was signifi cant in Groups I (p=0.01) 
and II (p=0.01) as compared to the 
other groups. There was no signifi -
cant difference in the pachymetry 
or specular microscopy in any of the 
groups. Groups I and II demonstrat-
ed a good demarcation line when 
compared to other groups. Groups 
I, II and III showed better visual, 
refractive and tomographic improve-
ments at the end of the 12 months. 

Am J Ophthalmol 2015;160:243-
249.
Shetty R, Pahuja N, Nuijts R, Ajani A, et al.

Refractive Outcomes of Triple 
DMEK with Cataract Surgery

A retrospective case series includ-
ing patients with Fuchs’ endothe-

lial dystrophy and cataract without 
coincident pathology found that triple 
Descemet’s membrane endothelial 
keratoplasty safely achieved excellent 
corrected distance visual acuity. 

Researchers evaluated the out-
comes of 108 sequential triple 
DMEK procedures, including the 
use of toric IOLs in select cases. 
Within the mean follow-up of 11.9 
months, the median CDVA was 
20/20 (range: 20/15 to 20/40) and the 

median uncorrected distance visual 
acuity in eyes with a distance target 
(n=84) was 20/40 (r: 20/20 to 20/200). 
Additionally, 45 percent of patients 
gained three or more lines of CDVA. 

The median refractive error was 
+0.43 D (interquartile range: -0.34 to 
+1.17 D). Aspheric intraocular lenses 
(n=91) did not signifi cantly change 
refractive astigmatism (mean: preop-
erative +0.926  ±0.144 D [SD]; post-
operative +0.945 ±0.129 D; p=0.83), 
while toric IOLs (n=9) did (mean: 
preoperative +2.47 ±0.36 D; postop-
erative: +0.94 ±0.90 D; p=0.0015). 
The anterior curvature measured by 
Scheimpfl ug imaging (Pentacam) did 
not signifi cantly change (mean: -0.06 
±0.47 D; p=0.41); however, keratom-
etry by partial coherence interfer-
ometry (IOLMaster) did (mean -0.6 
±0.9 D; p<0.0001).

The selection of the optimum IOL 
power is complicated by several fac-
tors. Because Fuchs’ dystrophy in-
duces changes predominately in the 
central cornea, measurements averag-
ing curvature over a larger area might 
underreport signifi cant refractive de-
viations. In the absence of an algo-
rithm to more precisely individualize 
IOL calculations, a refractive target 
of -0.75 to -1 D will help reduce the 
proportion of eyes left hyperopic.

J Cataract Refract Surg 2015; 
41:1182-1189.
Schoenberg E, Price Jr. F, Miller J, McKee Y, Price M.

Conventional vs. 
Accelerated CXL 
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What is your differential diagnosis? What further workup would you pursue? Please turn to p. 80

Presentation

A 60-year-old Indian woman presented with two to three weeks of slowly progressive vision loss in her right eye. She de-
nied redness, irritation, pain, photosensitivity, photopsias or fl oaters. There were no co-existing headaches, scalp pain or jaw 
claudication. She noted no prior ocular history, trauma or recent illnesses. Further systemic review of systems was negative.

Medical History

The patient’s past medical history was signifi cant for type 2 diabetes mellitus and hypertension. Her most recent eye 
examination was greater than fi ve years prior. Medications included sitagliptin and metformin for diabetes and lisinopril for 
hypertension. She reported no allergies. 

Our patient moved at age 26 from India to the United States, where she currently resides. While in India she received 
routine medical care, including the Bacillus Calmette–Guérin (BCG) vaccine. She had no history of tobacco or alcohol use.

Examination

On initial presentation, the patient was afebrile and had stable vital signs. Her uncorrected visual acuity was 20/200 
OD and 20/50¬-2 OS with no improvement on pinhole in the right eye, and improvement to 20/40 in the left eye. Pupils 
were equal, round and reactive to light without afferent pupillary defect, and intraocular pressures were 11 mmHg OU. 
Confrontational visual fi eld testing was full to fi nger counting bilaterally, and extraocular muscle movements were full. 
Anterior segment examination revealed diffuse fi ne keratic precipitates in both eyes, more prominent in the right eye. 
The anterior chambers were deep with 2+ cell OD and 1+ cell OS. The right iris had Koeppe nodules at the iris margin; 
no Busacca nodules were identifi ed. Nuclear sclerosis was moderate in the right and mild in the left eye. 

Dilated funduscopic exam revealed moderate vitreous debris OD with 1+ anterior vitreous cell and mild vitreous 
debris OS with no vitreous cell. Active retinitis was noted within the macula of both eyes with macular edema OD 

(See Figure 1). There was no 
optic nerve edema. Peripheral 
retinal examination was within 
normal limits.

Brenton Finklea, MD, Marta McKeague, MD, and James P. Dunn, MD

Progressively worsening monocular blurred vision leads a
60-year-old woman to seek an evaluation at Wills.

Figure 1. Fundus photos of posterior segment on presentation. 

079_rp0915_wills.indd   79079_rp0915_wills.indd   79 8/21/15   4:56 PM8/21/15   4:56 PM



R
E

V
IE

W

80| Review of Ophthalmology | September 2015

Resident Case Series

Diagnosis, Workup and Treatment

In the setting of extensive panuve-
itis in both eyes, the differential di-
agnosis for this individual was broad, 
including infection (tuberculosis, 
syphilis, Lyme disease, progressive 
outer retinal necrosis (PORN), and 
toxoplasmosis); infl ammatory disease 
(serpiginous choroidopathy, multifo-
cal choroiditis with panuveitis (MCP) 
and sarcoidosis); and neoplastic dis-
orders such as primary intraocular 
lymphoma. Vascular causes, such as 
polypoidal choroidal vasculopathy 
and exudative age-related macular 
degeneration were considered less 
likely. Fluorescein angiography (See 
Figure 2) and optical coherence to-
mography (See Figure 3) were per-
formed to assist in differentiating 
between clinical entities. 

Despite having lived in the Unit-
ed States for 34 years, with her most 
recent trip to India 14 years ago, 
tuberculosis was high on our dif-
ferential. She was started on pred-
nisolone acetate 1% eye drops ev-
ery hour in both eyes, and a uveitis 
workup was performed including 
complete blood count; comprehen-
sive metabolic panel; QuantiFER-
ON-TB Gold (QFT) assay (Qiagen, 
Germantown, Md.); and chest X-ray. 
The workup was negative, including 
chest X-ray, except for a positive 
QFT, consistent with tuberculosis.

Our patient was kept on frequent 
topical corticosteroid drops and it 
was recommended that she start a 
four-drug, anti-tuberculosis therapy 

(ATT) regimen 
o f  i s o n i a z i d , 
pyrazinamide, 
ethambutol and 
rifampin. She 
was referred to 
an  in fec t ious 
d i s e a s e  s p e -
cialist for close 
m a n a g e m e n t . 
The patient ini-
tially declined the ATT, wanting a 
second opinion for the diagnosis of 
TB chorioretinitis. She ultimately 
began taking the ATT once the vi-
sion in her left, better-seeing eye, 
declined to 20/200. One month af-
ter initiation of therapy her infl am-
mation had begun to improve and 
visual acuity improved to 20/60 OS. 
Two months after starting ATT her 
vision OS improved to 20/30. Vision 
OD remained a constant 20/200 
throughout therapy and after. 

Oral corticosteroids were never 
started in this 
patient due to 
a new diagnosis 
of endometrial 
cancer,  which 
was made in the 
fi rst month after 
initiating ATT, 
and for which 
she underwent 
a hysterectomy. 
Her course was further complicated 
by development of a choroidal neo-
vascular membrane OS for which 

she received an intraocular injection 
of bevacizumab with good response 
(See Figure 4).

Discussion

Infection by Mycobacterium tu-
berculosis can have manifestations in 
both the anterior and posterior seg-
ments of the eye. The most common 
ophthalmic manifestations of tuber-
culosis are uveitis (anterior, posterior 
or pan-uveitis), while posterior seg-
ment presentations include retinal 

vasculitis (primarily venous), optic 
neuritis, serpiginous-like choroiditis, 
and resulting choroidal and subreti-
nal neovascularization.1 The ante-
rior uveitis is typically “sticky,” with 
extensive posterior and peripheral 
anterior synechiae.2 Conjunctival 
granulomas are more common than 

lacrimal gland or orbital granulomas. 
Nodular scleritis and interstitial ker-
atitis may occur. Choroidal granulo-
mas or “tubercles” may be present as 
focal, elevated, dome-shaped lesions 
if direct invasion with bacteria oc-
curs, and are especially prevalent in 
immunocompromised patients. Most 

Figure 3. Optical coherence tomography of 

the posterior segment on presentation.

Figure 2. Fluorescein angiogram of the posterior segment on

presentation.

Figure 4. Fundus photos of posterior segment on six-month follow-up.
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diagnoses of TB-associated uveitis are 
presumptive, as the organism is diffi -
cult to directly isolate. Clinical criteria 
are used to make the diagnosis of TB-
associated uveitis. The clinical criteria 
include a positive tuberculosis test 
(PPD or interferon gamma release as-
say such as QuantiFERON-TB Gold), 
clinical picture compatible with tu-
berculosis, response to treatment with 
ATT, or thorough complete diagnostic 
evaluation including microbiologi-
cal isolation, X-ray, CT scan and/or 
MRI.3,4 It is essential to realize, how-
ever, that a majority of cases of ocular 
tuberculosis occur in the absence of 
any radiographic or symptomatic evi-
dence of TB elsewhere.5

It has been estimated that nearly 
2 billion people in the world are in-
fected with Mycobacterium tuber-
culosis, 10 percent of whom will 
develop active TB at some point in 
their lifetime.6 Most cases of active 
tuberculosis, around 80 percent in 
the United States, are the result of 
reactivated latent infections.7 The 
incidence of latent tuberculosis in 
foreign-born persons living in the 
United States may be as high as 18.7 
percent.8 In one study looking at all 
cases of presumed tuberculosis-in-
duced scleritis and uveitis with posi-
tive QuantiFERON-TB Gold stud-
ies, 85 percent of patients had spent 
at least six months living in tubercu-
losis-endemic regions.9 

Due to the high prevalence of dis-
ease in at-risk populations (e.g., im-
migrants from endemic areas, HIV-
positive patients and people with 
prolonged exposure to prisons and 
homeless shelters), it is important 
to have a high index of suspicion in 
early cases of intraocular infl amma-
tion. A delay in the diagnosis of tu-
berculous eye disease is one of fac-
tors most associated with poor visual 
outcomes.5

The interferon gamma release as-

say (IGRA) demonstrates compara-
ble sensitivity to the classic tubercu-
lin skin test (TST) but is more specifi c 
in individuals who have previously 
received the BCG vaccine. Further-
more, IGRA tests do not require the 
patient to return for interpretation, 
making it more convenient. How-
ever, the IGRA tests are more ex-
pensive, and are not recommended 
for serial screening in patients with 
possible workplace exposure (e.g., 
health-care workers) because of a 
high rate of false-positive tests.

Two versions of this test are cur-
rently available: the QuantiFERON-
TB Gold and T-SPOT TB tests.10 
However, neither the IGRA nor TB 
skin testing will distinguish between 
latent TB infection and active TB. 
This test measures the response of a 
patient’s immune system to tubercu-
losis antigens. It is dependent on the 
patient’s immunologic status and may 
be falsely negative in patients with 
HIV infection, malignancy or iatro-
genic immmunosuppression. There 
is no association between IGRA level 
and clinical disease severity, so the 
test is not useful for clinical monitor-
ing or treatment response.9

Uveitis due to tuberculosis re-
sponds favorably to anti-tuberculosis 
therapy with complete remission 
rates reported as high as 91 percent.9 
The initiation of therapy often in-
cludes a four-drug regimen of iso-
niazid, rifampicin, pyrazinamide and 
ethambutol, followed by a choice of 
medication combinations over the 
following four to seven months, 
which should be directed by an in-
ternist or infectious disease special-
ist.2 Following the initiation of ATT, 
a paradoxical worsening of uveitis 
and fundus appearance may occur. 
This clinical deterioration may rep-
resent a Jarisch-Herxheimer reac-
tion, which has been speculated to 
derive from endotoxin release, de-

layed hypersensitivity or decreased 
suppressor mechanisms.11 The same 
phenomenon can be observed in sys-
temic manifestations of tuberculosis. 
The possibility of a JHR emphasizes 
the utility of topical and/or systemic 
steroids on initiation of ATT.2 The 
use of corticosteroids in the treat-
ment of ocular TB is unclear, with 
some authors reporting better out-
comes while others report a higher 
risk of relapse.2,5

The diagnosis and treatment of 
TB-associated intraocular infl amma-
tion continues to be an evolving fi eld 
as we understand more about the 
pathogenesis of the disease and con-
currently improve accuracy of diag-
nosis. Practitioners should continue 
to be vigilant in considering tuber-
culosis in the differential diagnosis of 
uveitis and retinal vasculitis to ensure 
prompt initiation of therapy and to 
improve visual outcomes.  

1. Gupta V, Shoughy SS, Mahajan S, et al. Clinics of ocular tubercu-
losis. Ocul Immunol Infl amm 2015;23(1):14-24
2. Gupta A, Bansal R, Gupta V, et al. Ocular signs predictive of 
tubercular uveitis. Am J Ophthalmol 2010;149:562-570
3. Gupta V et al. Intraocular tuberculosis – An Update. Surv 
Ophthalmol 2007;52(6):561-80.
4. Ang M, Hedayatfar A, Zhang R, Chee SP. Clinical signs of uveitis 
associated with latent tuberculosis. Clin Experiment Ophthalmol 
2012; 40: 689-696.
5. Patel SS, Saraiya NV, Tessler HH, Goldstein DA. Mycobacterial 
Ocular Infl ammation: Delay in diagnosis and other factors impact-
ing morbidity. JAMA Ophthalmol 2013;131:752-758.
6. Dye C et al. Consensus statement. Global burden of 
tuberculosis: estimated incidence, prevalence, and mortality by 
country. WHO Global Surveillance and Monitoring Project. JAMA 
1999;282(7):677-86.
7. Horsburgh CR Jr, Rubin EJ. Clinical practice. Latent tuberculosis 
infection in the United States. N Engl J Med 2011;364(15):1441-
1448.
8. Bennett DE, Courval JM, Onorato I, et al. Prevalence of tubercu-
losis infection in the United States population: The National Health 
and Nutrition Examination Survey, 1999-2000. Am J Respir Crit 
Care Med 2008;177:348-55. 
9. La Distia N, van Velthoven M, ten Dam-van Loon N, Misotten 
T, et al. Clinical Manifestations of Patients With Intraocular 
Infl ammation and Positive QuantiFERON–TB Gold In-Tube Test 
in a Country Nonendemic for Tuberculosis. Am J Ophthalmol 
2014;157:754-761.
10. Dorman SE, Belknap R, Graviss EA, et al. Tuberculosis 
Epidemiologic Studies Consortium. Interferon-  release assays and 
tuberculin skin testing for diagnosis of latent tuberculosis infec-
tion in healthcare workers in the United States. Am J Respir 
Crit Care Med 2014;189(1):77-87.
11. Cheung CMG and Chee SP. Jarisch–Herxheimer reac-
tion: Paradoxical worsening of tuberculosis chorioretinitis 
following initiation of antituberculous therapy. Eye 2009; 
23:1472-1473.
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