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A study has found that corneal collagen crosslinking (CXL) 

in pediatric and young adult patients with keratoconus both 

stabilized and, in some cases, improved corneal keratometry 

and vision out to 2 years postoperatively.  The study, which was 

designed by Edward E. Manche, MD, consisted of a retrospective 

chart review of patients 22 years or younger who had undergone 

CXL for progressive keratoconus at the Byers Eye Institute during 

the previous 7 years.  CONTINUED ON PAGE 10

INDICATIONS AND USAGE 

XELPROS™ (latanoprost ophthalmic emulsion) 0.005% is indicated for the reduction of elevated intraocular 

pressure (IOP) in patients with open-angle glaucoma or ocular hypertension.

IMPORTANT SAFETY INFORMATION

CONTRAINDICATIONS 

XELPROS is contraindicated in patients with a known hypersensitivity to latanoprost, or any other ingredients  

in this product.

Please see Important Safety Information on the back cover and brief summary of Full Prescribing Information inside.

Take the worry out of coverage 
with XELPROS Xpress™ 

Delivers XELPROS™ directly to patients at a low set price

XELPROS IS THE FIRST AND ONLY BAK-FREE  

FORMULATION OF LATANOPROST—DELIVERED  

WITH AN INNOVATIVE TECHNOLOGY1,2

Visit XelprosDelivered.com to learn more
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in pediatric and young adult patients with keratoconus both 

stabilized and, in some cases, improved corneal keratometry 
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DRUG INTERACTIONS 
Precipitation may occur if drugs containing thimerosal 

are used concomitantly with XELPROS. If such drugs 

are used, they should be administered at least  

5 minutes apart.

USE IN SPECIFIC POPULATIONS 
Pregnancy 
Pregnancy Category C 

Reproduction studies have been performed in rats and 

rabbits. In rabbits, an incidence of 4 of 16 dams had 

no viable fetuses at a dose that was approximately 

80 times the maximum human dose, and the highest 

nonembryocidal dose in rabbits was approximately 

15 times the maximum human dose. There are no 

adequate and well-controlled studies in pregnant women. 

XELPROS should be used during pregnancy only if the 

potential benefit justifies the potential risk to the fetus.

Nursing Mothers 
It is not known whether latanoprost or its metabolites 

are excreted in human milk. Because many drugs are 

excreted in human milk, caution should be exercised 

when XELPROS is administered to a nursing woman.

Pediatric Use 
Safety and effectiveness in pediatric patients have not 

been established.

Geriatric Use 
No overall differences in safety or effectiveness have 

been observed between elderly and younger patients.

PATIENT COUNSELING INFORMATION 
Potential for Pigmentation 
Advise patients about the potential for increased brown 

pigmentation of the iris, which may be permanent. 

Patients should also be informed about the possibility 

of eyelid skin darkening, which may be reversible after 

discontinuation of XELPROS.

Potential for Eyelash Changes 
Inform patients of the possibility of eyelash and vellus 

hair changes in the treated eye during treatment with 

XELPROS. These changes may result in a disparity 

between eyes in length, thickness, pigmentation, 

number of eyelashes or vellus hairs, and/or direction of 

eyelash growth. Eyelash changes are usually reversible 

upon discontinuation of treatment.

Handling the Container 
Instruct patients 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 emulsions.

When to Seek Physician Advice 
Advise patients that if they develop an intercurrent 

ocular condition (eg, trauma or infection) or have ocular 

surgery, or develop any ocular reactions, particularly 

conjunctivitis and eyelid reactions, they should 

immediately seek their physician’s advice concerning 

the continued use of the multiple-dose container.

Use with Contact Lenses 
Advise patients that contact lenses should be removed 

prior to administration of the emulsion. Lenses may be 

reinserted 15 minutes following administration  

of XELPROS.

Use with Other Ophthalmic Drugs 
Advise patients that if more than one topical 

ophthalmic drug is being used, the drugs should be 

administered at least 5 minutes apart.

Rx Only 
Distributed by: Sun Pharmaceutical Industries, Inc.  

Cranbury, NJ 08512

Brief Summary of Prescribing Information for XELPROS™ 
(latanoprost ophthalmic emulsion) 0.005%,  
for topical ophthalmic use 

XELPROS™ (latanoprost ophthalmic emulsion) 0.005%  
See package insert for Full Prescribing Information.

INDICATIONS AND USAGE 
XELPROS is indicated for the reduction of elevated 

intraocular pressure (IOP) in patients with open-angle 

glaucoma or ocular hypertension.

CONTRAINDICATIONS 
Known hypersensitivity to latanoprost, or any other 

ingredients in this product.

WARNINGS AND PRECAUTIONS 
Pigmentation 
XELPROS may cause changes to pigmented 

tissues. The most frequently reported changes are 

increased pigmentation of the iris, periorbital tissue 

(eyelid), and eyelashes. Pigmentation is expected to 

increase as long as XELPROS is administered. After 

discontinuation of XELPROS, iris pigmentation is 

likely to be permanent. Patients who receive treatment 

should be informed of the possibility of increased 

pigmentation. The long-term effects of increased 

pigmentation are not known. 

Eyelash Changes 
XELPROS may gradually change eyelashes and vellus 

hair in the treated eye, including increased length, 

thickness, pigmentation, and number of lashes. The 

changes are usually reversible upon discontinuation  

of treatment.

Intraocular Inflammation 
XELPROS should be used with caution in patients with 

a history of intraocular inflammation (iritis/uveitis) and 

should generally not be used in patients with active 

intraocular inflammation.

Macular Edema 
XELPROS should be used with caution in aphakic 

patients, in pseudophakic patients with a torn 

posterior lens capsule, or in patients with known risk 

factors for macular edema.

Herpetic Keratitis 
XELPROS should be used with caution in patients 

with a history of herpetic keratitis. XELPROS should 

be avoided in cases of active herpes simplex keratitis 

because inflammation may be exacerbated.

Bacterial Keratitis 
There have been reports of bacterial keratitis 

associated with the use of multiple-dose containers  

of topical ophthalmic products.

Use with Contact Lenses 
Contact lenses should be removed prior to 

administration of XELPROS and may be reinserted  

15 minutes following administration.

ADVERSE REACTIONS 

Clinical Trials Experience 
Because clinical trials are conducted under widely 

varying conditions, adverse reaction rates observed 

in the clinical studies of a drug cannot be directly 

compared to rates in the clinical studies of another  

drug and may not reflect the rates observed in  

clinical practice.

Across multiple clinical trials conducted with 

XELPROS, the most frequently reported ocular adverse 

reactions were eye pain/stinging upon instillation and 

ocular hyperemia, reported in 55% and 41% of patients 

treated with XELPROS, respectively. Other adverse 

reactions reported (incidence ≥5%) were conjunctival 

hyperemia, eye discharge, growth of eyelashes, 

and eyelash thickening. Less than 1% of patients 

discontinued therapy because of intolerance to the  

eye pain/stinging or to the ocular hyperemia.

© 2019 Sun Ophthalmics, a division of Sun Pharmaceutical Industries, Inc. All rights reserved.

XELPROS is a licensed trademark of Sun Pharma Advanced Research Company Ltd. 

PM-US-XPS-0070 03/2019
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Potential for Pigmentation 
Advise patients about the potential for increased brown 

pigmentation of the iris, which may be permanent. 
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subsequent loss of vision may result from using 

contaminated emulsions.

When to Seek Physician Advice 
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Rx Only 
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XELPROS™ (latanoprost ophthalmic emulsion) 0.005%  
See package insert for Full Prescribing Information.

INDICATIONS AND USAGE 
XELPROS is indicated for the reduction of elevated 

intraocular pressure (IOP) in patients with open-angle 

glaucoma or ocular hypertension.

CONTRAINDICATIONS 
Known hypersensitivity to latanoprost, or any other 

ingredients in this product.

WARNINGS AND PRECAUTIONS 
Pigmentation 
XELPROS may cause changes to pigmented 

tissues. The most frequently reported changes are 

increased pigmentation of the iris, periorbital tissue 

(eyelid), and eyelashes. Pigmentation is expected to 
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discontinuation of XELPROS, iris pigmentation is 

likely to be permanent. Patients who receive treatment 
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drug and may not reflect the rates observed in  
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Across multiple clinical trials conducted with 
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treated with XELPROS, respectively. Other adverse 
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hyperemia, eye discharge, growth of eyelashes, 

and eyelash thickening. Less than 1% of patients 
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© 2019 Sun Ophthalmics, a division of Sun Pharmaceutical Industries, Inc. All rights reserved.

XELPROS is a licensed trademark of Sun Pharma Advanced Research Company Ltd. 

PM-US-XPS-0070 03/2019
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INDICATIONS AND USAGE 

XELPROS™ (latanoprost ophthalmic emulsion) 

0.005% is indicated for the reduction of elevated 

intraocular pressure (IOP) in patients with open-angle 

glaucoma or ocular hypertension.

IMPORTANT SAFETY INFORMATION

CONTRAINDICATIONS 

XELPROS is contraindicated in patients with a known 

hypersensitivity to latanoprost, or any other ingredients  

in this product.

WARNINGS AND PRECAUTIONS 

Pigmentation: XELPROS may cause changes to 

pigmented tissues. The most frequently reported 

changes are increased pigmentation of the iris, 

periorbital tissue (eyelid), and eyelashes. Pigmentation 

is expected to increase as long as XELPROS is 

administered. After discontinuation of XELPROS, iris 

pigmentation is likely to be permanent. Patients who 

receive treatment should be informed of the possibility 

of increased pigmentation. The long-term effects of 

increased pigmentation are not known.

Eyelash Changes: XELPROS may gradually change 

eyelashes and vellus hair in the treated eye, including 

increased length, thickness, pigmentation, and number 

of lashes. The changes are usually reversible upon 

discontinuation of treatment.

Intraocular Inflammation: XELPROS should be used 

with caution in patients with a history of intraocular 

inflammation (iritis/uveitis) and should generally not be 

used in patients with active intraocular inflammation.

Macular Edema: XELPROS should be used with 

caution in aphakic patients, in pseudophakic patients 

with a torn posterior lens capsule, or in patients with 

known risk factors for macular edema.

Herpetic Keratitis: XELPROS should be used  

with caution in patients with a history of herpetic  

keratitis. XELPROS should be avoided in cases of 

active herpes simplex keratitis because inflammation 

may be exacerbated.

Bacterial Keratitis: There have been reports of bacterial 

keratitis associated with the use of multiple-dose 

containers of topical ophthalmic products.

Use with Contact Lenses: Contact lenses should be 

removed prior to administration of XELPROS and may 

be reinserted 15 minutes following administration.

ADVERSE REACTIONS 

The most common ocular adverse reactions in  

clinical trials (incidence ≥5%) for XELPROS were 

eye pain/stinging, ocular hyperemia, conjunctival 

hyperemia, eye discharge, growth of eyelashes,  

and eyelash thickening.

DRUG INTERACTIONS 

Precipitation may occur if drugs containing thimerosal 

are used concomitantly with XELPROS. If such drugs 

are used, they should be administered at least  

5 minutes apart.

Please see brief summary of Full Prescribing Information 

on the reverse side.

BAK=benzalkonium chloride.

References: 1. XELPROS [package insert]. Cranbury, NJ:  

Sun Pharmaceutical Industries, Inc; 2018. 2. Data on file. Cranbury, NJ:  

Sun Pharmaceutical Industries, Inc.
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FALL SPOTLIGHT ON INNOVATION
On the cover of this issue of Ophthalmology Times®, we examine collagen crosslinking and its ability to provide 
corneal stability in pediatric patients. Solin Saleh, MD, points out that corneal collagen crosslinking (CXL) in 
pediatric and young adult patients with keratoconus both stabilized and, in some cases, improved corneal 
keratometry and vision out to 2 years postoperatively.

Our imaging focus in this issue spotlights the development of a deep learning model to help conduct 

segmentation of swept-source OCT images to measure the volume of macular holes. This is based on a 

presentation by Austin Pereira MD, MEng, in the Lions’ Lair competition, a retina research proposals competition 

held during the annual meeting of the Canadian Ophthalmological Society.

We continue to see cutting-edge advances in therapeutics. Gerhard Garhöfer, MD, discusses his presentation at 

the annual meeting of the Association for Research in Vision, which demonstrates that a novel treatment for dry 

eye disease (DED) in the form of a topical formulation of estradiol drops can reduce signs and symptoms of DED 

in postmenopausal women for at least 3 months.

Gene therapy remains a key area for cutting-edge advancements. Joan O’Brien, MD, discusses the POAAGG 

study, which targets gene therapy options for glaucoma. She points out that investigators have found that 

mutations could lead to early intervention in disease treatment. O’Brien also noted that the fi ndings may suggest 

that POAG might be an umbrella for a few diff erent diseases with distinct genetic drivers. 

We also are seeing innovation in device technology. Shan C. Lin, MD, outlines advances in cyclophotocoagula-

tion for the treatment of glaucoma. He notes that latest generation of the technology allows identifi cation of the 

ciliary process locations either before or at the time of treatment.

In our clinical diagnosis section, we look at how the onset of COVID-19 pandemic had a profound eff ect on 

medicine and eye care worldwide. Ningli Wang, MD, PhD, director of Beijing Tongren Eye Center, discusses the 

impact of the pandemic on ophthalmology in China.

The Ophthalmology Times® team also presents a special section in this issue, focusing on retinal surgical in-

novation. Fares Antaki MD, CM, discusses the ongoing development of a fully immersive virtual reality simulator 

designed to improve retinal surgery training. 

Rounding out this issue, our team also off ers a preview of the American Society of Retina Specialists meeting, 

set for October 8 to 12 in San Antonio, Texas.

Mike Hennessy Sr, 
chairman and founder of Ophthalmology Times®’
parent company, MJH Life Sciences™ 
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"Dead donor rule" sets guidelines 
for harvesting organs

A friend of mine, a physician, handed me a brief docu-
ment.  “You do transplant surgery,” she said. “You need to 
read this.”

The document is a “statement of concern” issued by 
the American College of Physicians (ACP).  It describes 
a procedure termed “normothermic regional perfusion 
(NRP) with controlled donation after ccccirculatory 
determination of death (cDCD).” NRP-cDCD is performed 
in an eff ort to obtain healthier organs for donation when 
those organs are more susceptible to ischemic injury after 
cessation of circulation.  Keeping the organs perfused in 
situ allows additional time to assess the organ’s function 
before it is transplanted.  Performed in other countries, it 
is now being proposed for use in the U.S.   

The way NRP-cDCD works is that after a patient is 
deemed to have “circulatory death” (defi ned as death 
confi rmed by the irreversible cessation of circulatory and 
respiratory functions), the chest is opened and the large 
vessels are connected to a bypass machine or ECMO (ex-
tracorporeal membrane oxygenation)-circuit.  Circulation 
of the blood is thereby restored to preserve the organs 
for donation, but only after the carotid and vertebral 
arteries are occluded to prevent cerebral reperfusion.  
The heart may then resume beating, calling into question 
the determination of irreversibility that was required for 
the diagnosis of circulatory death. Because the brain is 
denied a blood supply, the term “regional perfusion” is 
used, and brain death promptly ensues.

The ACP statement says this procedure called “organ 
retrieval after cardiopulmonary arrest and induction of 
brain death” and it questions the ethics of this approach.

The “dead donor rule” says that donors cannot be 
made dead in order to obtain their organs and that organ 
retrieval cannot cause death.  NRP does resuscitate the 
patient, except for the brain.  The ACP asks “Is declar-
ing a patient dead by irreversible circulatory criteria, 
then rendering the patient brain dead before restoring 
circulation honest, transparent and respectful of patient 
autonomy and dignity?”

What if the donor or donor’s family had given con-
sent?  Can laypersons who are not physicians or medical 
experts be made aware of the full details of what this pro-
tocol involves?  The ACP says “informed consent by itself 
cannot confer ethical legitimacy on NRP-cDCD." More-
over, standards of medical ethics do not permit consent to 
supersede all other ethical considerations. 

There are existing alternatives.  Organs can be har-
vested and subsequently reperfused using machines 
outside the body.  In what strikes me as a defi nite under-
statement, the ACP says “there is a large and ethically 
signifi cant diff erence between perfusing an organ versus 
perfusing an individual.”

My driver’s license testifi es to my willingness to be an 
organ donor should the situation arise.  But I hope they 
do not do NRP-cDCD to me.

“So what is your response to this?” asked my physician 
friend.  

“We do not do any of this with cornea donors,” 
I answered. 

Peter J. McDonnell, MD 
 director of the Wilmer 

Eye Institute, Johns 
Hopkins University 
School of Medicine, 
Baltimore, and chief 

medical editor of 
Ophthalmology 

Times®.
HE CAN BE REACHED AT 
727 Maumenee Building

600 N Wolfe St, Baltimore, 
MD 21287-9278

P: 443/287-1511   
F: 443/287-1514   

E: pmcdonn1@jhmi.edu

E D I TO R I A L

ORGAN DONATION

clinical 
diagnosis
26 COVID-19: 
The Chinese 
experience early 
in the pandemic
Researchers discover 
that long-term ocular 
complications require 
further observation.

therapeutics
20 Study targets 
dry eye disease in 
postmenopausal 
women
Investigators � nd 
that estradiol drops 
can ease signs and 
symptoms of DED.

gene therapy
22 POAAGG 
study targets 
gene therapy 
options for 
glaucoma
Investigators � nd that 
mutations could lead 
to early intervention of 
disease.

device technology
24 Advances in 
cyclophotocoagulation: 
Good, better, best
Changes are resulting in 
better outcomes for patients 
with glaucoma.

surgery
10 Collagen 
cross-linking 
provides corneal 
stability in young
CXL is safe, e� ective 
to perform on younger 
population, study 
results show. 

12 Cataract surgery 
pearls for 
cases with poor 
mydriasis, zonules

imaging
19 Study targets 
use of swept-
source OCT to 
measure macular 
hole volume
Investigators hope 
to develop a novel 
arti� cial intelligence 
model.  

https://www.facebook.com/OphthalmologyTimes
https://twitter.com/OphthTimes
https://www.instagram.com/ophthalmologytimes/
https://www.linkedin.com/company/ophthalmologytimes/


6 Cutting-edge AdvancementsSeptember 15, 2021 

special report
R ETI NAL  S U RG I CAL  I N N OVATI O N

By Louise Gagnon; 
Reviewed by Fares Antaki, MD, CM

In an event modeled after the television pro-
gram Shark Tank, 3 presenters at the annual 
meeting of the Canadian Ophthalmological 
Society took part in a retina research competi-
tion, dubbed the Lions’ Lair, where a top prize 
of $35,000 was awarded to the winning pitch.

Fares Antaki, MD, CM, chief resident at the 
Department of Ophthalmology at the Univer-
sity of Montreal in Canada, pitched a project 
for a virtual reality (VR) simulator designed to 
enhance retinal surgery training.

During his presentation, Antaki touched 
upon the work of David Kasner, MD; and Robert 

Machemer, MD, who are considered the fathers 
of pars plana vitrectomy. He went on to discuss 
the Halsted apprenticeship model that has been 
employed in vitreoretinal surgery where “see 1, 
do 1, teach 1,” has been the guiding principle. 
Incorporating technology into vitreoretinal 
teaching can supplement this model through 
“see 1, simulate 1, do 1, and teach 1,” Antaki 
explained.

Vitreoretinal surgery training is not common-
ly provided during ophthalmology residency 
and requires several years of preparation to 
master the necessary skills, Antaki noted. 
High-fidelity VR simulation provides a safe en-
vironment to learn and practice without risk for 
patients. With the imminent transition to new 

competency-based, medical educational models 
in Canada, the integration of VR simulation can 
be useful to administer proficiency-based tests 
to ensure trainees are ready to perform proce-
dures on patients, Antaki explained.

An example of VR in ophthalmic education 
is the Eyesi simulator. Antaki first encountered 
the Eyesi simulator in his native Syria, when 
the Orbis Flying Eye Hospital visited Aleppo 
in 2007 and 2008. The passengers in the plane 
were on a mission to share knowledge and train 
local eye doctors through lectures, workshops, 
and hands-on training.

“Looking back at this moment, I realized that 
as soon as the plane left Syria, the local doctors 

Continues on page 8 : Training

Virtual reality simulator will boost 
vitreoretinal surgery training
Pilot study shows promise of teaching surgeons with technology

The view of a proposed virtual reality simulator.
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special report
RETINAL SURGICAL INNOVATION

could no longer train using simulation,” Antaki 
said. “This is because simulators like the Eyesi 
have a very high purchase price, limiting their 
worldwide adoption. Moreover, the size and 
weight of the Eyesi are limiting factors with 
respect to accessibility and mobility.”

The proposed VR simulator would be com-
patible with commercially available headsets 
such as HTC Vive and Oculus Quest, as well 
as commercially available instruments such 
as touch haptic devices and touch controllers, 
Antaki said. Since the 1970s, VR headsets 
have steadily decreased in weight and im-
proved in computing capacity. VR headsets 
have moved beyond academic labs and are 
commercially available, with prices ranging 
from $400 to $1200.

“By leveraging on the powerful processors, 
cameras, and sensors of those VR headsets, 
we believe that we can build a fully immer-
sive, low-cost, portable vitreoretinal surgery 
VR simulator,” Antaki said. 

Ophthalmologists will work with an en-
gineering team to help develop the training 
modules, according to Antaki. The senior 
principal investigator is Karim Hammamji, 
MD, FRCSC, chief of the Retina Division at 
the University of Montreal and vitreoretinal 
surgeon at the Centre Hospitalier de l’Uni-
versité de Montréal. The engineering team 
is composed of Benoît Ozell, PhD, professor 
and director of the Research Laboratory for 
Computer Graphics and Virtual/Augmented 
Reality at the University of Montreal, and 
Cédryk Doucet, BSc, a computer engineering 
graduate whose master’s thesis will focus on 
developing the VR simulator. 

Antaki will conduct a 2-phase study in 
which the 18-month fi rst phase will focus on 
simulator development. The simulator will be 
developed jointly with the engineering team 
through iterative feedback with the ophthal-
mology team. This process will ensure the 
simulator is testing 4 fundamental skills that 
are used during vitreoretinal surgery. 

“We will provide feedback to improve the 
simulator during the initial phases of its con-

struction,” Antaki said. 
The 4 training modules will simulate core 

vitrectomy and posterior vitreous detachment 
induction, peripheral shaving, endolaser and 
membrane peeling, according to Antaki.

Scheduled to last 9 months, the second 
phase is a validation phase that will involve 
construct validity and skills transfer. Two 
prospective, controlled interventional trials will 
be carried out. 

“The trials will fi rst prove construct validity 
and skills transfer,” Antaki said. “We will also 
collect information on personal and environ-
mental presence during simulation to deter-
mine how realistic our simulator is.”

Antaki also explained how the startup funds 
would be allocated. 

“Some of the money will be used to pay 
for personnel, but most of the money will be 

used to pay for the virtual reality headsets, 
the haptic feedback devices, and the virtual 
reality workstation,” he said. “With this fund-
ing, we will improve access to vitreoretinal 
surgery training.”

When asked by one of the judges of the com-
petition if this technology could be used for 
other training purposes, such as learning cata-
ract surgery, Antaki responded that it could.

“Our focus at this time is vitreoretinal sur-
gery, but the opportunities are immense (to use 
the technology for other learning),” he said. 

Fares Antaki, MD, CM
E: fares.antaki@umontreal.ca
Antaki has no � nancial disclosures related to this 
content. Antaki’s pitch proved to be the winner of 
the competition, earning $35,000 (CAD$). It was also 
judged by the audience to be the winner, earning an 
additional $5000.

TRAINING
( Continued from page 6 )

A proposed virtual reality simulator 
will enhance training. 
(Images courtesy of Fares Antaki, MD, CM)
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Postoperative prediction of OCT using 
conditional generative adversarial network 

Proposal hints at the use of generative adversarial network (GAN)  
for applications in macular surgery

By Louise Gagnon; 
Reviewed by Samir Touma, MD

Another entry in the Lions’ Lair retina re-
search competition during the 2021 Canadian 
Ophthalmological Society Annual Meeting and 
Exhibition featured a proposal for a conditional 
generative adversarial network (GAN) that can 
assist with the postoperative prediction of OCT 
in macular surgery. 

Samir Touma, MD, a second-year resident in 
ophthalmology at the University of Montreal 
in Montreal, Quebec, presented the pitch, and 
described the potential use of a GAN. This is a 
type of machine learning that can be trained to 
generate synthetic data and could be employed 
for applications, such as macular hole (MH) 
repair and epiretinal membrane (ERM) peel in 
macular surgery.

“Macular surgery deals with the management 
of surgical pathologies of the macula, such as 
macular hole repair and epiretinal membrane 
peel,” Touma said. “Preoperative evaluation is 
heavily reliant on OCT imaging to highlight the 
anatomic anomalies that lead to vision loss.”

A multitude of OCT parameters have been 
devised to predict the postoperative success in 
visual acuity, according to Touma.

“A simpler and perhaps more robust tech-
nique would be to use the entire preoperative 
OCT image to predict the postoperative OCT 
appearance and perhaps have, for the first 
time, access to anatomical-level prediction,” 
he said. 

Touma also explained how a GAN works, 
outlining that the model in a GAN learns the 
regularities, or patterns, in input data in such 
a way that the model can be used to generate 
new examples that plausibly could have been 
drawn from the original data set. 

“The main objective of the project is to 
develop a GAN model to generate postopera-
tive OCT images based on paired preoperative 
and postoperative OCT images of patients who 
underwent macular surgery for either ERM 
removal or MH repair,” Touma said. “We want 
to evaluate the predictive accuracy of GAN 
algorithms for predicting postoperative OCT 
imaging. We also want to compare various GAN 
architectures for the prediction of postoperative 
OCT imaging, and to test the clinical utility of 
this as a patient education tool.”

Touma and colleagues conducted a retro-
spective cohort study to demonstrate how 
the model would work. The study involved a 
sample of 300 surgical cases that contained 
150 MH repairs and 150 ERM removals. For 
each case, there were 3 spectral-domain OCT 
volume scans—immediate preoperative, imme-
diate postoperative, and 1 at the last available 
follow-up.

The architecture of the GAN model includes 
a training set composed of real preoperative 
images that are fed to the discriminator. On the 
other hand, the generator produces synthetic 
images that are also sent to the discriminator, 
which needs to differentiate the real from the 
generated images. Fine-tuning is done through-
out the training. 

To evaluate the model, 4 different experi-
ments will be conducted. The first experiment 
will focus on interpretability where panelists 
will be asked whether the generated OCT 
image is suitable for clinical interpretation, 
explained Touma.

In the second experiment, which focuses 
on discrimination, 3 retinal specialists will 
be shown real and generated images simulta-
neously and asked to select which is the real 
image and which is the generated image. 

Experiment 3 looks at treatment success. 
In this experiment, retinal specialists will 
be shown a real preoperative image and the 
generated postoperative image, and they will 
indicate whether it is a successful result, Tou-
ma explained.

In the fourth experiment, investigators will 
look at predictive ability, according to Touma. 

“The panelists will be shown a real preopera-
tive OCT image and its generated postoperative 
counterpart, as well as preoperative patient 
visual acuity,” Touma said. “Retinal specialists 
will be asked to predict final visual acuity.”

The availability of potential postoperative 
images on OCT may help to manage patient 
expectations, Touma pointed out. 

“Patients will be able to visualize the post-
operative appearance of their OCT image,” he 
said. 

Touma noted that in this current iteration 
of the machine learning model, images from a 
single, vitreoretinal surgeon will be included, 
but added that he and coinvestigators will build 
on the model, and images from more surgeons 
will be incorporated into the model as well.

In a discussion with the Lions that followed 
the pitch, Touma noted that postoperative 
visual acuity is not part of the algorithm. 

The ultimate goal of the project is to gain 
knowledge and expertise in the use of GANs for 
ophthalmic images, according to Touma.  

“[The GAN] could then be used to perform 
data augmentation, where generated data 
could augment existing data sets, [which is] 
especially useful in the case of rare conditions,” 
he said.  

Samir Touma, MD
E: Samir.touma@umontreal.ca
Touma has no financial disclosures related to this 
content. 
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Collagen crosslinking provides 
corneal stability in young patients 
CXL is safe, e� ective to perform on younger population, study results show

By Lynda Charters; 
Reviewed by Solin Saleh, MD

Corneal collagen crosslinking (CXL) in pediat-
ric and young adult patients with keratoconus 
can stabilize, and in some cases even improve, 
corneal keratometry and vision out to 2 years 
postoperatively, according to study results 
presented by Solin Saleh, MD.

Saleh, who recently completed her pediatric 
ophthalmology fellowship at the Byers Eye 
Institute at Stanford University School of Medi-
cine in California, reported the study results at 
the ASCRS 2021 annual meeting in July.

The study, which was designed by Edward 
E. Manche, MD, consisted of a retrospective 
chart review of patients 22 years or young-
er who had undergone CXL for progressive 
keratoconus at the Byers Eye Institute during 
the previous 7 years. All CXL procedures were 
performed by Manche. 

The investigators evaluated the patient re-
cords to identify changes in visual and corneal 
parameters, including best-corrected visual 
acuity (CDVA) and maximum keratometry 
(Kmax) out to 2 years after CXL. 

The fi ndings are important because al-
though keratoconus generally is diagnosed 

during puberty, it can be more severe and 
progress more quickly when identifi ed in 
younger children who may need corneal 
transplantation if the disease is not addressed, 
Saleh said.

Findings
Saleh reported that 86 eyes of 71 consecutive 
patients underwent CXL during the study 
period. The patients ranged in age from 12 to 
22 years (mean 16.4 ± 2.5 years) at the time of 
surgery. Bilateral CXL was performed in 8 pa-
tients. Of the study sample, 57 eyes had com-
pleted a minimum of 1 year of follow-up and 
24 eyes had completed 2 years of follow-up.
She reported that the mean preoperative 
CDVA was logMAR 0.38 ± 0.32 (Snellen acuity 
20/48), with mean postoperative CDVA of 0.29 
± 0.31 (20/39) and 0.31 ± 0.31 (20/41) at 12 and 

24 months postoperatively. Compared with 
preoperative mean Kmax, there was an im-
provement of –0.8 D to a mean postoperative 
Kmax of 59.1 ± 9.1 D at 12 months and –1.3 D 
to 59.7 ± 8.8 D at 24 months.

The authors concluded that CXL was both 
safe and eff ective to perform in this young pa-
tient population. The procedure stabilized the 
cornea in these children and young adults, and 
in some cases the vision and the keratometry 
values improved. 

The authors urged surgeons to consider 
CXL for treating pediatric patients with early 
keratoconus to prevent ongoing disease pro-
gression, especially given the risk of visual 
morbidity in children. 

Solin Saleh, MD
E: solsaleh@stanford.edu
This article is adapted from 
Saleh’s presentation at the 

American Society of Cataract and 
Refractive Surgery annual meeting. 

She has no � nancial interest in this subject matter. 

Edward E. Manche, MD
E: cornea@stanford.edu
Manche has no � nancial disclosures related 
to this content.

TAKE-HOME: Investigators found 
that the procedure provided 

corneal stability in young 
patients—while providing 

improvements in vision and 
keratometry values. 
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By Boris Malyugin, MD, PhD; 
Special to Ophthalmology Times®

Modern cataract surgery is a generally success-
ful procedure. Recent advances—which involve 
the use of pre- and intraoperative pharma-
cological protocols combined with optimal 
instrumentation—allow for well tolerated and 
effective cataract surgery in most patients.1

However, certain preoperative factors 
increase the likelihood of complications in 
cataract surgery. These need to be managed 
effectively if we want the capsule to remain 
intact at the completion of surgery. The small 
pupil presents one such challenging case for 
the surgeon. Several techniques have been 
described in the literature for the management 
of insufficient mydriasis combined with zonular 
pathology, ranging from pharmacological to 
surgical strategies involving mechanical pupil 
dilation. 2  To avoid complications, it is essential 
to enlarge the pupil while also stabilizing the 
capsule to maintain its integrity. 

When dealing with patients who present with 
inadequate mydriasis as well as compromised 
zonules, I have come to rely on the Malyugin 
Ring (MicroSurgical Technology [MST]) together 
with MST Capsule Retractors, Chang Modifica-
tion. I find the capsule retractors to be useful 
in overcoming zonular weakness and giving 
support to the equator of the capsular bag. 

However, in some cases, it is possible to use 
Malyugin Ring 2.0 to address the small pupil 
and stabilize the capsular bag. 

Case study 
The case involves a 75-year-old patient with a 
cataract complicated by pseudoexfoliation syn-
drome suboptimally dilated pupil. The patient 
has been taking tamsulosin for several years to 
treat benign prostate hyperplasia. 

Because the patient’s zonules were loose and 
the lens was mobile during the capsulorhexis 
procedure, my strategy was to use the Malyugin 
Ring 2.0 to address the small pupil and stabilize 
the capsular bag. To perform the continuous 
curvilinear capsulorhexis, I used the 23G Seibel 
Capsulorhexis Forceps (MST), which feature a 
sharp tip and a rhexis ruler to allow for visibil-
ity and control during the procedure. In many 
cases associated with a weak zonular appara-
tus, the lack of countertraction on the capsule 
could unintentionally result in a smaller rhexis 
diameter. A smaller rhexis may not only in-
crease the risk of damage to the capsular edge 
during the procedure, but also may also cause 
capsular phimosis in the postoperative period.

My approach was to use the Malyugin Ring to 
stabilize the capsular bag and dilate the pupil, 
so I enlarged the rhexis to prevent the damage 
to the capsule that may occur while engaging 
the scrolls of the Malyugin Ring with the cap-
sular edge. The lens nucleus was fixed with the 
chopper to avoid excessive movement.

A 7.0 mm Malyugin Ring 2.0 was inserted 
into the anterior chamber. I engaged the iris to 
support and enlarge it while simultaneously 
catching the edge of the anterior capsule with 
the scrolls of the device. This was done biman-
ually with the Malyugin Ring manipulator in 
one hand and the micro-hook retracting the 
capsular edge in the other hand. In these cases, 
you only need up to 3 scrolls for the fixation 
because if you try to use 4, there might be too 
much stress on the capsule.

Since I was using only the Malyugin Ring 2.0, 
I did not have the same stability to the capsular 
bag equator as with the capsular hooks. There-
fore, the area with the loose zonules needed to 
be carefully monitored. One option is to contin-
uously inflate the capsular bag with dispersive 
ophthalmic viscosurgical devices to create a 

viscoelastic cushion and prevent the aspiration 
of the capsule equator.

I then inserted the conventional capsular ten-
sion ring and was able to safely remove the last 
fragments of the lens by stabilizing the capsular 
bag equator. After removing the cortical materi-
al, I disengaged the scrolls of the Malyugin Ring 
from the rhexis and repositioned them to the 
iris to maintain pupil dilation. 

When the anterior capsule was released, I 
could implant a single-piece IOL in the capsular 
bag. Finally, the ring was removed from the eye, 
and triamcinolone acetonide suspension was 
injected into the anterior chamber to check for 
the possible presence of the vitreous strands.

Conclusion
Surgeons need to carefully evaluate multiple 
factors, such as pupil size, rigidity of the iris, 
sphincter fibrosis, and level of zonular weak-
ness. The Malyugin Ring 2.0 alone or in com-
bination with capsule retractors helps alleviate 
complexities in these cases.

For surgeons, it is key to base the choice of 
instruments for small-pupil cataract surgery on 
the characteristics of the iris (eg, floppiness or 
stiffness of the stroma, sphincter fibrosis). 

Boris Malyugin, MD, PhD
E: boris.malyugin@gmail.com
Malyugin is a professor of ophthalmology and deputy 
director general at the S. Fyodorov Eye Microsur-
gery State Institution in Moscow, Russia. Malyugin 
receives royalties from MST. 
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with poor mydriasis, zonules
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The path to faster visual recovery 
following glaucoma surgery
Speed the return to baseline visual acuity—and make your patients happy

By Inder Paul Singh, MD; 
Special to Ophthalmology Times®

The marvel of micro invasive glaucoma sur-
geries (MIGS)—and the reason we push them 
earlier in the disease course—is their safety and 
the predictable postoperative recovery. In the 
past, we had fewer options, most of which were 
more invasive. 

As a result, we had to delay surgery for years 
while patients suffered the discomfort, inconve-
nience, and expense of multiple medications, 
until finally those medications were no longer 
enough and surgery was unavoidable. Now we 
can skip years of suffering and better manage 
glaucoma by making MIGS part of the treat-
ment equation. 

Historically, we were hesitant to go into the 
subconjunctival pathway with trabeculectomy 
or tube shunt because of the often slow and 
variable nature of visual recovery and complex 
postoperative management. Instead, we waited 
until glaucoma progressed and the target pres-
sure was aggressively low, often near the 10 to 
12 mm Hg range. 

Thankfully, with the options available today, 
we no longer need to wait so long to perform 
subconjunctival surgery for patients who need 
it, and with this earlier intervention, we have a 
better chance of achieving target IOPs because 
they are not so aggressively low.

Visual recovery and conventional 
pathway MIGS 
With conventional pathway MIGS, such as 
stenting (iStent; Glaukos, Hydrus; Ivantis), 
viscodilating (iTrack; Nova Eye Medical, OMNI; 
Sight Sciences), stripping (Kahook Dual Blade 
goniotomy; New World Medical), cutting/GATT 
(OMNI), and others, visual recovery is gener-
ally not a major concern. Pressurizing the eye 

intraoperatively usually prevents intraoperative 
and postoperative hyphema, although if it does 
still occur, it usually clears up in a short period 
of time. 

The mechanisms that make visual recovery 
so seamless for conventional pathway MIGS 
are also the reason they are not always the best 
option: The episcleral venous pressure is a floor 
we cannot cross, so it is hard to reach target 
pressures below the low to mid-teens. This 
floor, however, also means we do not get hypot-
ony or flat chambers, which are often the cause 
of postoperative vision issues. Unfortunately, 
some of our patients need those lower target 
pressures. We also do not know where the 
resistance to outflow is located in our patients 
with glaucoma; in some, the distal channels are 
also collapsed or atrophied. In these cases, we 
are not able to achieve the IOP control we need 
through the conventional outflow system. We 
need to turn to a subconjunctival procedure to 
bypass the conventional pathway.

Vision after trabeculectomy or tube 
shunt surgery
Common causes of postoperative visual acuity 
changes are hypotony, choroidals, maculopa-
thy, and ocular surface problems. With trabe-
culectomy and tube shunt, all of these prob-
lems are possible, so it is difficult to gauge how 
long visual recovery will take with each patient. 
Depending on how flat the chamber becomes 
and the position of the iris lens diaphragm 
complex, a return to baseline vision may take 
1 week to 1 month or even longer. A nonvalve 
tube might open up in a month and a half or 
even earlier when the suture dissolves, and that 
sudden change in IOP can cause a sudden shift 
in chamber depth and thus a change in vision. 
In addition, postoperative drops can prolong 
recovery by destabilizing the ocular surface.1

In the case of weeks or months of recovery, 
patients are generally not happy with their 
vision. IOP can be unstable, so they require 
multiple office visits, and they often call the 
office with questions about vision problems and 
irritation from eye drop medications. The recov-
ery process may still be going on when it’s time 
for the patient to schedule surgery on the fellow 
eye, which can make them reluctant to do so.

As an experienced glaucoma specialist, I still 
marvel at the high potential for variability of 
each step for a trabeculectomy. I use various 
techniques to manage outcomes by controlling 
the size, thickness, and shape of the flap; titrat-
ing the flow by suture placement and tension; 
and trying to aggressively bring down the IOP 
yet prevent chambers from flattening postop-
eratively. It takes time to build that comfort 
and skill set, and not all patients have access 
to surgeons who have completed 1000-plus 
trabeculectomy procedures.2 

For these and a variety of additional reasons, 
a less invasive and more predictable subcon-
junctival procedure is needed to allow access 
for more patients than traditional surgeries.

Faster visual recovery from 
subconjunctival MIGS
When we want to reach a lower pressure, avoid 
being beholden to conventional pathways 
where levels and locations of resistance can be 
uncertain, and follow a more predictable visual 
recovery than we get with traditional subcon-
junctival procedures; subconjunctival MIGS can 
deliver the benefits with few limitations. 

The Xen Gel Stent (Allergan) uses the same 
bypass mechanism as trabeculectomy, but the 
only outflow created is a 45 μ lumen, rather 
than a larger, less consistent hole in the sclera 
with a variable flap. With less structural defor-
mation of the sclera, there is less chance of flat 
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chambers postoperatively. Even if numerical 
hypotony occurs, the chambers do not flatten 
as much because they retain greater structural 
integrity. There is less concern that deformation 
of the eye will shift the iris lens diaphragm 
and cause a myopic shift or, in a pseudophakic 
patient, move or decenter a toric lens. 

Based on the approval trial, Xen has demon-
strated a high safety profile with few complica-
tions.3 The less invasive nature of Xen means 
the eye remains stable, with less inflammation 
in the anterior chamber and conjunctiva, often 
because there is no peripheral iridotomy, and 
if implanting from an external approach, intra-
operative flattening of the anterior chamber is 
rare. 

Since flow occurs through a single point 
around 5 mm posterior to the limbus, rather 
than in multiple directions closer to the limbus 
as in a trabeculectomy, the bleb forms more 
posteriorly and often with a lower profile, 
resulting in a quieter bleb and shorter-duration 
steroid use after surgery. With fewer steroids 
and thus fewer topical preservatives, the ocular 
surface tends not to experience less disruption 
and resulting postoperative vision fluctuation. 
Xen has also been shown to cause less endothe-
lial cell loss than trabeculectomy, which could 
be an issue as patients get older and have other 
corneal risk factors.4 

Although postoperative bleb needling is 
sometimes needed, my postoperative bleb 

needling rates have dropped significantly (now 
less than 10%) with changes in technique, 
intraoperative confirmation of a freely mobile 
stent, and use of an intraoperative needling if 
resistance is found. 

If needling is required, it is a different 
type of intervention than a trabeculectomy 
needling. We do not see a sudden drop in IOP, 
so there is less change in chamber depth that 
could affect visual recovery. 

In the end, Xen reaches similarly low pres-
sures as traditional subconjunctival surgeries 
with a predictable postoperative course, result-
ing in fewer visits (1 week and 1 month) and 
calls to my practice.5 

Because of the high safety profile and rapid 
visual recovery, I have now offered Xen to 
patients who are refractory to drops despite 
their level of glaucoma severity. For instance, 
a patient with mild or moderate open-angle 
glaucoma who is taking 4 classes of medica-
tions, has a history of a previous MIGS, has 
stable IOP and visual folds, but is not compli-
ant with drops would not typically have been 
a subconjunctival bypass candidate in the 
past, but this patient is now a perfect candi-
date for a Xen. Welcome to the interventional 
glaucoma mind-set. 

Inder Paul Singh, MD
e: ipsingh@amazingeye.com
Inder Paul Singh, MD, is president of The Eye Centers 

of Racine and Kenosha, Wisconsin. He is a consultant 
to Alcon, Allergan, Bausch + Lomb, Ellex, Glaukos, 
Iantech, New World Medical, Omeros, Shire, and 
Zeiss.
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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 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 compared with 1.5% (9 out of 595) in patients treated with ranibizumab; through 96 weeks, 
the incidence was 3.3% (60 out of 1824) in the EYLEA group compared with 3.2% (19 out of 595) in the ranibizumab group. 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.

Inspired by a real patient 
with Wet AMD.

03/2021
EYL.21.02.0019Please see Brief Summary of Prescribing Information on the following page.

References: 1. EYLEA® (aflibercept) Injection full U.S. Prescribing Information. Regeneron Pharmaceuticals, Inc. August 2019. 2. Data on file. Regeneron Pharmaceuticals, 
Inc. 3. Heier JS, Brown DM, Chong V, et al; for the VIEW 1 and VIEW 2 Study Groups. lntravitreal aflibercept (VEGF Trap-Eye) in wet age-related macular degeneration. 
Ophthalmology. 2012;119(12):2537-2548. doi:10.1016/j.ophtha.2012.09.006

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 detachment, vitreous floaters, and intraocular pressure increased.
•  Patients may experience temporary visual disturbances after an intravitreal injection with EYLEA and the associated eye 

examinations. Advise patients not to drive or use machinery until visual function has recovered su  ̈iciently.

INDICATIONS
EYLEA® (aflibercept) Injection 2 mg (0.05 mL) 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).

anti-VEGF, anti–vascular endothelial growth factor; BCVA, best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; Q4, every 4 weeks; 
Q8, every 8 weeks.

SEE WHAT EYLEA COULD DO FOR YOUR PATIENTS WITH WET AMD AT HCP.EYLEA.US

EYLEA was clinically equivalent to ranibizumab.

VIEW 1 and VIEW 2 study designs: Two multicenter, double-masked clinical studies in which patients with Wet AMD (N=2412; age range: 49-99 years, 
with a mean of 76 years) were randomized to receive: 1) EYLEA 2 mg Q8 following 3 initial monthly doses; 2) EYLEA 2 mg Q4; 3) EYLEA 0.5 mg Q4; or 
4) ranibizumab 0.5 mg Q4. Protocol-specified visits occurred every 28 (±3) days.1 In both studies, the primary efficacy endpoint was the proportion of 
patients with Wet AMD who maintained vision, defined as losing <15 letters of visual acuity at Week 52, compared with baseline.1

Primary Endpoint (Year 1)

VIEW 1 VIEW 2

EYLEA Q4 95%
(12.5 injections†)

95%
(12.6 injections†)

EYLEA Q8‡ 94%
(7.5 injections†)

95%
(7.7 injections†)

ranibizumab 
Q4

94%
(12.1 injections†)

95%
(12.7 injections†)

Vision was 
maintained at 
Year 1 with ≈5 
fewer injections 
with EYLEA Q8 vs 
ranibizumab Q4

 *Last observation carried forward; full analysis set.
 †Safety analysis set.
 ‡Following 3 initial monthly doses.

Proportion of patients who maintained vision (<15 ETDRS letters lost of BCVA) at Year 1 from baseline1-3,*

Demonstrated in the largest phase 3 anti-VEGF trials completed to date in Wet AMD (N=2412)1-3

PROVEN VISUAL OUTCOMES AT YEAR 1 IN THE 
VIEW STUDIES
Fewer injections with EYLEA Q8 vs ranibizumab Q4
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1 INDICATIONS AND USAGE 
EYLEA is a vascular endothelial growth factor (VEGF) inhibitor 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), Diabetic Retinopathy (DR).
4 CONTRAINDICATIONS
4.1 Ocular or Periocular Infections  
EYLEA is contraindicated in patients with ocular or periocular infections. 
4.2 Active Intraocular Inflammation  
EYLEA is contraindicated in patients with active intraocular inflammation. 
4.3 Hypersensitivity  
EYLEA is contraindicated in patients with known hypersensitivity to aflibercept or any of the excipients in EYLEA. Hypersensitivity 
reactions may manifest as rash, pruritus, urticaria, severe anaphylactic/anaphylactoid reactions, or 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 (6.1)]. 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 Patient Counseling Information (17)].
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 (6.1)]. Sustained increases in intraocular pressure have also been reported after repeated intravitreal dosing with vascular 
endothelial growth factor (VEGF) inhibitors. Intraocular pressure and the perfusion of the optic nerve head should be monitored and 
managed appropriately.
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 compared with 1.5% (9 out of 595) in patients treated with ranibizumab; through 96 weeks, the incidence was 
3.3% (60 out of 1824) in the EYLEA group compared with 3.2% (19 out of 595) in the ranibizumab group. 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 potentially serious adverse reactions are described elsewhere in the labeling:  
• Hypersensitivity [see Contraindications (4.3)]  
• Endophthalmitis and retinal detachments [see Warnings and Precautions (5.1)]  
• Increase in intraocular pressure [see Warnings and Precautions (5.2)]  
• Thromboembolic events [see Warnings and Precautions (5.3)]
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 2980 patients treated with EYLEA constituted the safety population in eight phase 3 studies. Among those, 2379 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 detachment, vitreous floaters, and 
intraocular pressure increased.

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, controlled clinical studies (VIEW1 and VIEW2) 
for 24 months (with active control in year 1).
Safety data observed in the EYLEA group in a 52-week, double-masked, Phase 2 study were consistent with these results.

Table 1: Most Common Adverse Reactions (≥1%) in Wet AMD Studies
Baseline to Week 52 Baseline to Week 96

Adverse Reactions
EYLEA 

(N=1824)

Active Control  
(ranibizumab) 

(N=595)
EYLEA 

(N=1824)

Control  
(ranibizumab) 

(N=595)
Conjunctival hemorrhage 25% 28% 27% 30%
Eye pain 9% 9% 10% 10%
Cataract 7% 7% 13% 10%
Vitreous detachment 6% 6% 8% 8%
Vitreous floaters 6% 7% 8% 10%
Intraocular pressure increased 5% 7% 7% 11%
Ocular hyperemia 4% 8% 5% 10%
Corneal epithelium defect 4% 5% 5% 6%
Detachment of the retinal pigment epithelium 3% 3% 5% 5%
Injection site pain 3% 3% 3% 4%
Foreign body sensation in eyes 3% 4% 4% 4%
Lacrimation increased 3% 1% 4% 2%
Vision blurred 2% 2% 4% 3%
Intraocular inflammation 2% 3% 3% 4%
Retinal pigment epithelium tear 2% 1% 2% 2%
Injection site hemorrhage 1% 2% 2% 2%
Eyelid edema 1% 2% 2% 3%
Corneal edema 1% 1% 1% 1%
Retinal detachment <1% <1% 1% 1%

Less common serious adverse reactions reported in <1% of the patients treated with EYLEA were hypersensitivity, 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 central retinal vein occlusion (CRVO) in 2 clinical studies (COPERNICUS and GALILEO)  
and 91 patients following branch retinal vein occlusion (BRVO) in one clinical study (VIBRANT).

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

Adverse Reactions
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) and Diabetic Retinopathy (DR). 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
Baseline to Week 52 Baseline to Week 100

Adverse Reactions
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. 
Safety data observed in 269 patients with nonproliferative diabetic retinopathy (NPDR) through week 52 in the PANORAMA trial were 
consistent with those seen in the phase 3 VIVID and VISTA trials (see Table 3 above).
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 were detected in a similar percentage range of 
patients. There were no differences in efficacy or safety between patients with or without immunoreactivity.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy 
Risk Summary
Adequate and well-controlled studies with EYLEA have not been conducted in pregnant women. Aflibercept produced adverse 
embryofetal effects in rabbits, including external, visceral, and skeletal malformations. A fetal No Observed Adverse Effect Level 
(NOAEL) was not identified. At the lowest dose shown to produce adverse embryofetal effects, systemic exposures (based on AUC for 
free aflibercept) were approximately 6 times higher than AUC values observed in humans after a single intravitreal treatment at the 
recommended clinical dose [see Animal Data].
Animal reproduction studies are not always predictive of human response, and it is not known whether EYLEA can cause fetal harm 
when administered to a pregnant woman. Based on the anti-VEGF mechanism of action for aflibercept, treatment with EYLEA may 
pose a risk to human embryofetal development. EYLEA should be used during pregnancy only if the potential benefit justifies the 
potential risk to the fetus.
All pregnancies have a background risk of birth defect, loss, or other adverse outcomes. The background risk of major birth defects 
and miscarriage for the indicated population is unknown. In the U.S. general population, the estimated background risk of major birth 
defects and miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively.
Data
Animal Data 
In two embryofetal development studies, aflibercept produced adverse embryofetal effects when administered every three days 
during organogenesis to pregnant rabbits at intravenous doses ≥3 mg per kg, or every six days during organogenesis at subcutaneous 
doses ≥0.1 mg per kg. 
Adverse embryofetal effects included increased incidences of postimplantation loss and fetal malformations, including anasarca, 
umbilical hernia, diaphragmatic hernia, gastroschisis, cleft palate, ectrodactyly, intestinal atresia, spina bifida, encephalomeningocele, 
heart and major vessel defects, and skeletal malformations (fused vertebrae, sternebrae, and ribs; supernumerary vertebral arches 
and ribs; and incomplete ossification). The maternal No Observed Adverse Effect Level (NOAEL) in these studies was 3 mg per kg. 
Aflibercept produced fetal malformations at all doses assessed in rabbits and the fetal NOAEL was not identified. At the lowest 
dose shown to produce adverse embryofetal effects in rabbits (0.1 mg per kg), systemic exposure (AUC) of free aflibercept was 
approximately 6 times higher than systemic exposure (AUC) observed in humans after a single intravitreal dose of 2 mg.
8.2 Lactation 
Risk Summary
There is no information regarding the presence of aflibercept in human milk, the effects of the drug on the breastfed infant, or the 
effects of the drug on milk production/excretion. Because many drugs are excreted in human milk, and because the potential for 
absorption and harm to infant growth and development exists, EYLEA is not recommended during breastfeeding. 
The developmental and health benefits of breastfeeding should be considered along with the mother’s clinical need for EYLEA and any 
potential adverse effects on the breastfed child from EYLEA.
8.3 Females and Males of Reproductive Potential 
Contraception
Females of reproductive potential are advised to use effective contraception prior to the initial dose, during treatment, and for at least 
3 months after the last intravitreal injection of EYLEA.

Infertility
There are no data regarding the effects of EYLEA on human fertility. Aflibercept adversely affected female and male reproductive 
systems in cynomolgus monkeys when administered by intravenous injection at a dose approximately 1500 times higher than the 
systemic level observed humans with an intravitreal dose of 2 mg. A No Observed Adverse Effect Level (NOAEL) was not identified. 
These findings were reversible within 20 weeks after cessation of treatment.
8.4 Pediatric Use  
The safety and effectiveness of EYLEA in pediatric patients have not been established.
8.5 Geriatric Use  
In the clinical studies, approximately 76% (2049/2701) of patients randomized to treatment with EYLEA were ≥65 years of age and 
approximately 46% (1250/2701) were ≥75 years of age. No significant differences in efficacy or safety were seen with increasing age 
in these studies.
17 PATIENT COUNSELING INFORMATION 
In the days following EYLEA administration, patients are at risk of developing endophthalmitis or retinal detachment. If the 
eye becomes red, sensitive to light, painful, or develops a change in vision, advise patients to seek immediate care from an 
ophthalmologist [see Warnings and Precautions (5.1)]. 
Patients may experience temporary visual disturbances after an intravitreal injection with EYLEA and the associated eye examinations 
[see Adverse Reactions (6)]. Advise patients not to drive or use machinery until visual function has recovered sufficiently.

BRIEF SUMMARY—Please see the EYLEA  
full Prescribing Information available  
on HCP.EYLEA.US for additional 
product information.

Manufactured by:  
Regeneron Pharmaceuticals, Inc. 
777 Old Saw Mill River Road 
Tarrytown, NY 10591

EYLEA is a registered trademark of Regeneron 
Pharmaceuticals, Inc. 
© 2020, Regeneron Pharmaceuticals, Inc.  
All rights reserved.

Issue Date: 08/2019  
Initial U.S. Approval: 2011

Based on the August 2019 
EYLEA® (aflibercept) Injection full 
Prescribing Information. 
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imaging

By Louise Gagnon;
Reviewed by Austin Pereira, MD, MEng

The development of a deep learning model to 
help conduct segmentation of swept-source 
optical coherence tomography (OCT) images to 
measure the volume of macular holes was the 
focus of a presentation in the Lions’ Lair compe-
tition, a retina research proposals competition 
held during the 2021 Canadian Ophthalmologi-
cal Society Annual Meeting and Exhibition.

“The premise of this is to possibly augment 
the International Vitreomacular Traction Study 
[IVTS] group’s classification of macular holes 
from 2013,” said Austin Pereira, MD, MEng, a 
second-year ophthalmology resident at the Uni-
versity of Toronto, Department of Ophthalmol-
ogy and Vision Sciences, in Toronto, Canada. 
Pereira made a pitch for $35,000 in hopes of 
funding the development of a novel artificial 
intelligence (AI) model. 

“The IVTS upgraded the initial classification 
macular holes by taking an OCT-dependent 
and anatomical classification of macular holes,” 
Pereira said. 

Macular hole classification through IVTS is 
crucial for surgical planning and prognostic 
considerations for patients, Pereira explained.

“The IVTS group took anatomical classifica-
tion as the main etiology for macular holes,” 
Pereira said.

Pereira noted that small macular holes mea-
sure less than 250 µm, medium-sized macular 
holes measure between 251 µm and 400 µm, 
and large macular holes measure more than 
400 µm.

However, vitreomacular traction can occur in 
areas other than the macula, according to Perei-
ra. Moreover, the retina is 3-dimensional tissue. 

“Looking at the retina in a 2-dimensional 
manner is doing a disservice not only to sur-

geons but to our patients,” Pereira said.
Indeed, using a measure like minimum lin-

ear diameter is 1-dimensional, yet the retina is 
a 3-dimensional structure, Pereira added.

With 3-dimensional viewing, vitreomacular 
traction was easier to identify, according to 
Pereira. The study concluded that high density 
radial scanning is superior to standard raster 
volume scanning in detecting small full-thick-
ness macular holes, he noted. Moreover, 
research has shown high inter- and intrauser 
variability within same eye measurements for 
minimum linear diameter macular holes. 

“This changes the prognostic considerations 
and surgical planning, bringing a patient at 
times from a small macular hole classification 
to a large deficit, and vice versa,” Pereira said. 

With minimum linear diameter, there is 
a tremendous amount of OCT segmentation 
dependence, he added. 

“With [minimum linear diameter] being our 
main biomarker for surgical planning for mac-
ular hole surgery, our biomarkers need to be as 
accurate, precise, and reproducible as possible 
for our patients,” Pereira explained. 

Pereira, under the supervision of the primary 
investigator, Netan Choudhry, MD, FRCSC, 
DABO, employed a deep learning model to 
obtain automated measurements of macular 
hole volume, which he described as a robust, 
3-dimensional biomarker for macular hole size 
that can assist in surgical planning and prog-
nostic counseling for patients with full-thick-
ness macular holes.

The pilot study involved 25 patients from the 
Vitreous Retina Macula Specialists of Toronto 
(VRMTO) practice, who had full-thickness mac-
ular holes, where 3-dimensional OCT images 
of the holes were obtained preoperatively, 1 
month after surgery, and 1 year after surgery. 

A single vitreoretinal surgeon, Choudhry, 

medical director at VRMTO, manually assessed 
the minimum linear diameter and macular hole 
volume. A convolutional neural network was 
developed to assess volume in an automated 
fashion. Investigators also looked to see if there 
were correlations between volume and change 
in vision in comparison with minimum linear 
diameter, according to Pereira.

“The correlation between automated macular 
hole volume, as determined by our deep 
learning model, and the manual macular hole 
volume, as determined by our vitreoretinal sur-
gery, was 0.94,” he said, adding that the deep 
learning model needs to be validated before 
being implemented in daily surgical practice. 

“This would give vitreoretinal surgeons 
another biomarker in their arsenal to help plan 
surgery and to improve prognostic outcomes 
for patients,” he said. 

Increasing the amount of OCT scans in the 
training set will help reveal what the macular 
hole volume truly is, according to Pereira. 

Future directions may see AI provide infor-
mation, such as how much peeling of the inter-
nal limiting membrane is needed, and employ 
data from known past surgeries, Pereira added. 
The variability in minimum linear diameter 
was the driving force in the project. 

“We want to get away from 1-dimensional 
measures and more robust grading of the size 
[of the macular hole],” he said. “The volume is 
the starting point.”

The funding would be used to extract the 
OCT scans from the participating sites, segment 
them, and run the AI model, Pereira added. 

Austin Pereira, MD, MEng
P: 416-928-2132
Pereira is a student in the department of Ophthalmol-
ogy and Vision Sciences at the University of Toronto. 
He has no disclosures related to this content.

Study targets use of swept-source OCT 
to measure macular hole volume
Investigators hoping to develop a novel artificial intelligence model
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By Louise Gagnon; 
Reviewed by Gerhard Garhöfer, MD

A novel treatment for dry eye dis-
ease (DED) in the form of a topical 

formulation of estradiol drops can 
reduce signs and symptoms of 

DED in postmenopausal wom-
en for at least 3 months.

Gerhard Garhöfer, MD, 
served as lead investigator 
in a study of the treatment. 
He is an associate profes-
sor at Medical University 
of Vienna, Department of 
Clinical Pharmacology, 
Vienna, Austria.

“Sex hormone recep-
tors or estrogen receptors 

have been found to be 
present on the ocular surface 

in several tissues, such as 
the conjunctiva, cornea, and 

Meibomian glands,” Garhöfer said. 
“The pronounced contrast in dry eye 

prevalence between men and women, 
especially women who are postmenopaus-

al, points toward an involvement of sex hor-
mones in the disease process. Furthermore, 
antiestrogen treatment seems to disrupt tear 
production.” 

The therapeutic formulation used in the ran-
domized, controlled, parallel-group study was 
RP101, which contains 17-beta-estradiol as the 
active ingredient and a sterile isotonic thermo-
gelling (IntelliGel) solution as the drug delivery 
system. This thermosensitive, supramolecular 
hydrogel becomes a gel at eye temperature, 
allowing for a long period of residency on the 
ocular surface and thus permitting sustained 
drug delivery. 

The study aimed to determine the optimal 
dose regimen of RP101 and to evaluate its 
safety in postmenopausal women with mod-
erate-to-severe DED. The 4 arms of the study 
included 0.05% twice daily, 0.1% morning and 
vehicle (isotonic thermogelling solution) in the 
evening, 0.1% twice daily, and a control group 
who received the vehicle twice daily. The 
treatment period was 3 months. 

Investigators used Schirmer Test II and 
grading of corneal fluorescein staining, taking 
measurements at baseline and at various 
points during treatment: day 14, day 30, 
day 60, and day 90 (treatment completion). 
Patients reported outcomes for various DED 
symptoms via the Symptom Assessment Ques-
tionnaire iN Dry Eye (SANDE) and the visual 
analog scales (VAS).

Garhöfer and coinvestigators enrolled 104 
patients in the study, with 77 completing the 
study according to the protocol. Five patients 
requested withdrawal, 21 withdrew due to 
adverse events, and 1 withdrew for other 
reasons. 

Corneal fluorescein staining score signifi-
cantly decreased during the 3-month treat-
ment period (P < 0.001 vs baseline). Investiga-
tors found no significant difference between 
treatment groups. The staining of the inferior 
cornea, however, showed a significantly more 
pronounced reduction in the highest dose 
group compared to vehicle, P = 0.0463.

The Schirmer II Test showed an increase 
in tear production, reaching maximum effect 
after 90 days of treatment. 

“Schirmer Test II increased significantly 
after 14 days of treatment in the active groups 
and after one month of treatment in the con-
trol group and remained significantly elevated 
until the end of the study,” Garhöfer explained.

The SANDE symptom score, a frequently 

Study targets dry eye disease               
in postmenopausal women
Investigators find that estradiol drops can ease signs and symptoms of DED

Subscribe  
for practical  
tips & valuable 
resources
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therapeutics

used standardized questionnaire for the as-
sessment of severity and frequency of dry eye 
symptoms, showed a decrease at the end of 
the treatment period in all groups. Moreover, 
patient-reported outcome via VAS in all four 
treatment arms showed a decrease in symp-
toms of DED, such as foreign body sensation, 
burning/stinging, itching, pain, sticky feeling, 
redness, and tearing. 

The topical RP101 eye drops were well 
tolerated on the ocular surface and showed a 
favorable safety profi le.

“Most treatment-related adverse events were 
eye related and mostly mild or moderate,” Gar-
höfer said. “The most frequent adverse events 
(more than 5% in at least 1 treatment group) 
were blurred vision, eye pain, eye irritation, 
ocular hyperemia, eyelid swelling, or foreign 
body sensation. All these adverse events had 
resolved at the end of the study.”

At this time, therapy data are limited to 
use in postmenopausal women, according to 
Garhöfer. 

“Further studies are needed to investigate 
whether other target populations would bene-
fi t from topical estrogen treatment," he said. 

The next step will be a phase 3 study, with 
a larger population than that in phase 2, the 
basis of which will be the data obtained from 
the phase 2 study, Garhöfer added. 

“Our data show that all dosages of RP101 
were safe and improved signs and symptoms 
of DED at the end of the observation peri-
od,” he said. “We think the topical approach 
would make the most sense in dry eye 
patients, as it can reach higher levels on the 
ocular surface while not needing high plasma 
levels, which would be the case when estro-
gen is given systemically.”

Garhöfer did point out that the thermosen-

sitive hydrogel solution, which served as a 
control in the study, also had an impact on 
signs and symptoms of DED.

Systemic estrogen is not a preferred option 
to treat DED in postmenopausal women be-
cause it has been linked to serious systemic 
adverse eff ects in patients, noted Garhöfer, 
who also concluded that “with a topical for-
mulation, systemic uptake of estradiol is very 
low, which limits the risk of systemic adverse 
eff ects.” 

Gerhard Garhöfer, MD
E: gerhard.garhoefer@me-
duniwien.ac.at
This article is based on Dr 

Garhöfer’s presentation at the 
annual meeting of the Association for 

Research in Vision and Ophthalmology. Dr Garhöfer 
has no � nancial disclosures to declare related to 
this content. 
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gene therapy

POAAGG study targets gene therapy 
options for glaucoma
Investigators � nd that mutations could lead to early treatment intervention

By Lynda Charters; 
Reviewed by Joan O’Brien, MD

Investigators at the Scheie Eye Institute at 
University of Pennsylvania in Philadelphia led 
by Joan O’Brien, MD, director of the institute, 
chairman of the Department of Ophthalmolo-
gy, and the Nina C. Mackall Research Professor 
of Ophthalmology at Penn Medicine, conduct-
ed the POAAGG study,1 a population-based, 
cross-sectional, case-control study, to gain 
better insight into how and why the disease 
aff ects the African American population. 

To date, more than 10,000 African American 
patients have been recruited to participate in 
the study. This is important because glaucoma 
is particularly devastating to aff ected African 
Americans, and most of the research in glauco-
ma has included Caucasian patients. The data 
show that African Americans are 5 times more 
likely than Caucasians to develop glaucoma 
and that the disease develops up to 10 years 
earlier in African American patients. 

The POAAGG study focused on investigat-
ing primary open-angle glaucoma (POAG) for 
clues in the patients’ DNA that might help 
predict their risk of developing glaucoma as 
well as possibly provide the potential to cut the 
disease off  with application of gene therapies 
before it has the chance to develop. Because 
information from Caucasian and Asian patients 
may not apply to African Americans, limiting 
the study to African Americans should provide 
valuable genetic insights. 

Focus on community
Amassing that number of African American pa-
tients willing to donate DNA was no small feat, 
considering their apprehension based on their 
previous experiences, such as the infamous US 
Public Health Service Tuskegee Syphilis Study, 

use of DNA without individuals’ consent, and 
potential racial targeting by police.  

The investigators, many of whom are Black 
and have family members aff ected by glau-
coma, reached out to community leaders to 
disseminate information about the study to 
Philadelphia residents and gain their trust 
through a multimedia campaign to raise 
glaucoma awareness and undergo glaucoma 
screening. 

A radio station ultimately was recognized 
as having informed approximately 75% of res-
idents who participated in the study. In addi-
tion, the National Institutes of Health provided 
$11 million in funding for the 5-year study to 
advance the cause. Screening was carried out 
in churches and community centers, and a van 
canvassed the neighborhoods to encourage 
people to participate. 

When screening identifi ed glaucoma or 
patients at risk for the disease, eye care was 
provided at the Scheie Eye Institute despite the 
absence of health care. The institute provided 
patients with transportation and lunch vouch-
ers to overcome barriers to participation. 

This experience led the investigators to 
develop a blueprint for successful recruitment 
strategies that they published to serve as guide-
lines for underserved populations. 

The study enrollment was completed in 
2019; it included identifying genes with muta-
tions that might increase the risk of damage to 
the optic nerve, which could result in potential 
gene therapies that can supply an edited copy 
of the gene and possibly ease the medication 
burden, the investigators noted. 

Ahmara Ross, MD, an assistant professor 
of ophthalmology at Scheie Eye Institute, ex-
plained that many genes already identifi ed as 
being involved in glaucoma are not the causes 
in African American patients, a fi nding that 

emphasizes the importance of identifying the 
culprits in the Black community that can lead 
to targeted therapy. 

“A lot of the genes that we know about in 
glaucoma don’t represent my population,” Ross 
said. “I want to make sure that they are brought 
to the forefront and that, when we are coming 
up with these targeted therapies, it is targeted 
against their disease.”

The investigators also recently identifi ed 
specifi c genetic mutations associated with 
characteristics of POAG, such as intraocular 
pressure and nerve thickness.2-4

O’Brien pointed out these fi ndings may 
suggest that POAG might be an umbrella for 
a few diff erent diseases with distinct genetic 
drivers. 

Joan M. O’Brien
E: obrienjo@pennmedicine.
upenn.edu
O’Brien has no � nancial interest in 

any aspect of this report.
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device technology

Advances in cyclophotocoagulation: 
Good, better, best options outlined
Changes are resulting in better outcomes for patients with glaucoma

By Lynda Charters; 
Reviewed by Shan C. Lin, MD

Ophthalmologists have seen a progression 
in cyclophotocoagulation (CPC), with each 
generation of the technology becoming more 
physician and patient friendly.

Shan Lin, MD, a glaucoma specialist at the 
Glaucoma Center of San Francisco, in Califor-
nia, described some of the recent advances in 
the technology.

Transscleral cyclophotocoagulation (TCPC) 
was the first attempt at this technology, which 
has its limitations. In some cases, the treatment 
did not reach the targeted tissue because the 
tissue was not visualized, and the pars plana 
often was treated instead. In addition, there was 
the potential for the surrounding structures to 
be damaged. 

Introduction of the G-Probe Illuminate 
Delivery Device (Iridex) helps address these 
problems. This technology uses a diode laser 
to treat the ciliary processes through the sclera 
and reduces the intraocular pressure (IOP) by 
decreasing aqueous production. 

“This latest generation of the technology 
allows identification of the ciliary process loca-
tions either before or at the time of treatment,” 
Lin said, citing a study1 reporting that the 
ciliary processes can range from 2.0 to 5.0 mm 
behind the limbus.

This is a newer technology that facilitates 
direct visualization of the ciliary processes as 
they are being treated. Probes with different 
gauge sizes (18, 19, 20, and 23 gauge) are 
available for this intraoperative procedure. 
In addition, the availability of curved probes 
allows the treatment of more area within the 
same incision, Lin. said

A typical procedure, as he described, is one 
performed in a pseudophakic patient through a 

limbal approach. 
“The goal is to cause shrinkage and whiten-

ing of the ciliary processes,” Lin said.
A study of endoscopic CPC that included a 

range of glaucoma types found that the IOP 
decreased from approximately 27 mm Hg pre-
operatively to 17 mm Hg postoperatively in the 
68 study patients. The numbers of medications 
decreased from approximately 3 to 2.2

The complications associated with endoscop-
ic CPC included fibrin exudate (24%), hyphema 
(12%), cystoid macular edema (CME) (10%), 
vision loss (6%) due to CME in most cases, and 
choroidal detachment (4%

This is the newest of the technologies. The 
Cyclo G6 Glaucoma Laser with the MicroPulse 
P3 probe (Iridex) is a transscleral procedure de-
signed to deliver laser energy in a pulse pattern 
to avoid excessive damage to the tissues. 

An advantage of this new technology is that 
it can be performed both in an office or the op-
erating room, but Lin said he prefers perform-
ing the procedure in the operating room for 
increased control and patient comfort.

There are no pops involved with the treat-
ment, and Lin noted that the sweeping motion 
should avoid the 3 and 9 o’clock positions. 

A study with follow-up of almost 7 years 
reported the efficacy and durability of this treat-
ment. The authors reported a 43% reduction of 
IOP at 78 months in 14 patients and a concom-
itant reduction in medications from 1.8 to 1.1. 
A number of treatments were needed, with an 
average of 4.5, to achieve IOP lowering.3

Lin also offered results of MicroPulse 
technology in a retrospective analysis of 54 
patients with a baseline IOP of 24 mm Hg, 75% 
of whom had primary open-angle glaucoma. 
Postoperatively, the average IOP was 17 mm Hg 
(P = .0002). Success in this study was defined as 
IOP lowering of 20% or more with or without 

medications, which was met in 68% of patients. 
Seven of the eyes required retreatment. 

The potential complications of the tech-
nology include rare, unexplained visual loss; 
hypotony; ocular inflammation; and CME. In 
anatomic assessments using ultrasound biomi-
croscopy, there were no observable changes 
comparing before and after treatment.

MicroPulse works by controlling the thermal 
effect by “chopping” a continuous wave of the 
energy beam into repetitive short pulses inter-
rupted by relaxation times, which makes for 
less thermal damage to the targeted area. 

The technology also is thought to stimulate 
biologic factors, such as cytokines and growth 
factors, at the treatment area, Lin explained.

Iridex recently introduced a new Rev-2 probe 
with a footplate that helps with limbal align-
ment, improves tissue coupling for better laser 
delivery, makes the technique easier to per-
form, and potentially has fewer complications. 

“Endoscopic CPC can be useful in some 
cases; however, there are risks associated with 
penetrating surgery,” Lin concluded. 

Shan C. Lin, MD
E: sl@glaucomasf.com
This article is adapted from Lin’s presentation at the 
Glaucoma Research Foundation’s 25th Annual Glau-
coma Symposium. Lin is a consultant to Iridex.
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COVID-19: The Chinese 
experience early in the pandemic
Investigators � nd that long-term ocular complications require further observation

Interested in more content 
like this? Subscribe today!

experience early in the pandemic

By Lynda Charters; 
Reviewed by Ningli Wang, MD, PhD

The onset of the pandemic had a profound 
eff ect on medicine and eye care worldwide, 
and Ningli Wang, MD, PhD, director of Beijing 
Tongren Eye Center, described the impact of 
COVID-19 on ophthalmology in China.

Ophthalmologists as a group had the 
highest risk of contracting the COVID-19 
virus because of the close proximity between 
clinicians and patients during ocular exam-
inations. To defi ne the risk, Wang and his 
colleagues sent a cross-sectional case-control 
questionnaire to 10 hospitals to investigate 
the incidence and distribution of symptomat-
ic virus in eye professionals in Wuhan, China, 
between February 26 and March 20, 2020. 
The questionnaire collected information on 
demographics, personal protective equip-
ment, and hand hygiene, he reported.

“The goal was to improve safety among eye 
professionals working during the pandemic,” 
he said.

The results showed that 2 of the 10 hospitals 
in the area under the study were hit especially 
hard because of their close proximity (4.5 km) 

to the Huanan Seafood Wholesale Market, 
where the early viral outbreak was reported.

“The overall incidence of symptomatic 
COVID-19 was 2.52% among eye professions 
as compared with 2.27% among all health 
care workers, indicating the higher risk of 
contracting the virus among ophthalmol-
ogists,” he said. Twenty-eight cases of the 
virus were found in eye professionals in the 
hospitals surveyed.

The risk factors identifi ed for the incidence 
of COVID-19 among ophthalmologists were 
older age, longer time in practice, lack of 
sleep, lack of protective equipment, and 
higher rates of contact with patients with 
suspected or confi rmed COVID-19.

“The incidence of COVID-19 peaked during 
the early phase of the pandemic and de-
creased signifi cantly 2 weeks after lockdown,” 
he said. During lockdown, only cases requiring 
emergent care were examined in clinics. 

Ocular symptoms
The manifestations of COVID-19 were kerato-
conjunctivitis, scleritis, uveitis, central retinal 
vein occlusion, optic neuritis, cranial nerve 
palsy, and Miller Fisher syndrome. The clini-
cal signs lacked specifi city and were seen as 
either the initial manifestation, concomitant 
with other symptoms, or the only symptom. 
This presentation increased the diffi  culty in 
diagnosing COVID-19 infection.

Wang explained that the prevalence rate 
of conjunctivitis/conjunctival congestion was 
8%; other prevalence rates were foreign body 
sensation at 6%, increased secretion at 10%, 
and ocular itching at 9%. However, the ocular 
symptoms were present less often than other 
symptoms, such as fever, coughing, and 
fatigue.

Chinese practice patterns and 
precautions
Wang also reported that the most important 
practices for ophthalmologists are disinfect-
ing hands and equipment after examinations, 
use of a protective shield, alternative exam-
ination methods to ensure safe distancing, 
and ventilation. 

For other health care workers, the safety 
measures included using personal protective 
equipment, checking temperatures at least 
twice daily, stopping working in the presence 
of symptoms, and maintaining a distance of 
1.5 m from patients during visits.

For the general public, there is a low risk of 
contracting COVID-19 through ocular trans-
mission; wearing a mask, careful hand wash-
ing, and wearing goggles in high-risk areas are 
important safety precautions.

Wang also cautioned that the exact mech-
anisms of ocular transmission and ocular 
damage are unknown. 

“Long-term ocular complications need fur-
ther observation,” he said. “Ocular equipment 
manufacturers can add protective shields to 
the equipment. The Chinese consensus for 
COVID-19 eye disease will be released and the 
Chinese experiences shared with ophthalmol-
ogists worldwide.” 

Ningli Wang, MD, PhD
E: wningli@vip.163.com
This article is adapted from 
Wang’s presentation at the Glau-

coma Research Foundation New 
Horizons Forum. He has no � nancial 

interest in this subject matter.
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By Steve Lenier; 
Reviewed by Brandon Baksh, BA;  
and Anat Galor, MD, MSPH

Chronic pain is a common and often debilitat-
ing condition, and chronic pain syndromes can 
be localized to the head and face, and involve 
the trigeminal system in migraine and trigemi-
nal neuralgia, according to Brandon Baksh, BA.

Chronic pain syndromes can also be wide-
spread, such as in fibromyalgia, or localized to 
areas outside the head and face, such as back 
pain, and nerve abnormalities have been linked 
to chronic pain syndromes, according to Baksh, 
from the University of Miami.

“As eye care providers,” he said, “we can 
assess this link between nerve abnormalities 
and chronic pain.” He pointed out that corneal 
sensitivity can be measured in the office.

Study purpose
Corneal sensitivity is altered in several eye con-
ditions. However, its relationship with chronic 
pain conditions outside of the eye is not clear. 

The authors investigated whether individuals 
with chronic trigeminal pain conditions have 
differences in corneal sensitivity compared 
with individuals with chronic pain conditions 
not localized to the trigeminal system. 

Methods
A cross-sectional study that included South 
Florida veterans with chronic pain conditions 
(> 3 months' duration) seen at an eye clinic was 
performed. The main independent variables 
were pain diagnoses and locations, as recorded 
by the participants through a survey. The main 
dependent variable was corneal mechanical 
detection threshold, which was assessed using 
a modified Belmonte aesthesiometer.

To assess confounding variables, data were 

collected on demographics, dry eye symptoms 
and signs, mental health indices, systemic 
comorbidities, and quality-of-life indices.

Individuals were split into 2 groups based on 
their pain diagnosis:

 Group 1 (trigeminal pain)–chronic pain 
conditions that are involving the trigeminal 
system

» Migraine
» Burning mouth syndrome
» Trigeminal neuralgia
» Trigeminal mandibular disorder 

 Group 2 (other pain)–chronic pain that did 
not localize to trigeminal system

» Back pain
» Knee pain

Assessing corneal mechanical threshold
Corneal mechanical threshold was assessed 
with a modified Belmonte aesthesiometer:

 Pulses of air at room temperature were 
used on the right eye started at 10 mL/min 
and waited 15 seconds between pulses.

 Increased by 10 mL/min until the patient 
could feel the pulse.

 This was repeated a second time, and the 
mean was used.

 If the difference between the 2 trials was 
greater than 20, a third reading was done.

Baksh noted that a lower detection threshold 
using the Belmonte aesthesiometer meant a 
higher corneal sensitivity.

Statistics
Continuous variables were assessed via the in-
dependent t test. Correlations were assessed via 
Pearson r coefficient, and categorical variables 
were assessed via chi-square test. All reported 
P values are 2-tailed and P < .05 was considered 
statistically significant. 

Results
This study included 568 individuals with 1 
or more chronic pain conditions. The mean 
age was 61+/-10.5 years. 89% were male, 44% 
self-identified as White, and 25% self-identified 
as Hispanic. The mean corneal mechanical 
detection threshold was 81+/-38 mL/min, with a 
range of 10 to 240 mL/min.

The authors found that the trigeminal pain 
group (n = 122) had a lower mean corneal 
mechanical detection threshold (ie, higher sen-
sitivity) (73+/-31) compared with the other pain 
group (n = 446, mean threshold 84+/-40). This 
was statistically significant. The groups were 
also associated with a higher corneal sensitivity.

The authors assessed continuous variables. 
Variables that came out significantly correlat-
ed with lower corneal mechanical detection 
threshold (higher sensitivity) included a high 
depression score, a high posttraumatic stress 
disorder score, worse dry eye symptoms, worse 
eye pain, as well as worse quality of life, as well 
as lower age, cholesterol and triglycerides. 

Conclusions
Lower corneal mechanical detection threshold 
(higher sensitivity) may be associated with pain 
phenotypes, such as the presence of chronic 
pain involving the trigeminal system, 5 or more 
pain conditions, and the presence of arthritis. 

Beyond pain phenotypes, additional factors 
that may play a role include a higher depres-
sion score, race, dyslipidemia, and continuous 
positive airway pressure use. 

Brandon Baksh, BA 
E: bxb619@med.miami.edu
This article is based on Baksh’s presentation at 
the 2021 Association for Research in Vision and 
Ophthalmology virtual annual meeting. Baksh has 
no financial disclosures. 

Corneal mechanical sensitivity in 
individuals with chronic pain
According to investigators, higher sensitivity may be linked with pain phenotypes
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ASRS SHINES IN THE HEART OF TEXAS
Meeting o� ers scienti� c sessions, symposia, discussion groups, 
and networking opportunities for attendees
By David Hutton

The afternoon will include a Pharmacology 
Symposium from 1:10 to 1:50 PM, followed by a 
Pediatric Retina ROP Symposium from 1:50 to 
2:35 PM. The afternoon sessions will conclude 
with the Infl ammatory and Infectious Diseases 
Symposium from 3:15 to 4:25 PM. 

The 2020 Awards Ceremony will be held 
from 4:25 to 5:35 PM and a Scientifi c Poster 
Question and Answer Session and Exhibit Hall 
Reception will be held from 5:35 to 6:35 PM. 

The FIT & Resident Reception will be held 
from 6:35 to 7:35 PM.

Sunday, October 10
Opening remarks will be presented by ASRS 
President Carl C. Awh, MD, at 8 AM, followed by 
the Complications of Anterior Segment Surgery 
Symposium from 8:05 to 8:40 AM. Sunday 

The American Society of Retina Specialists 
(ASRS) will host its 39

th
 Annual Scientifi c Meet-

ing from October 8-12, 2021, at the JW Marriott 
San Antonio Hill Country Resort and Spa in 
San Antonio, Texas. 

According to ASRS, its 2021 scientifi c 
program off ers attendees innovations in retina 
science, clinical practice, and surgery with 148 
papers, 165 posters, 46 papers on demand, 
and 69 fi lms. 

According to Judy E. Kim, MD, FASRS, ASRS 
program chairperson, in the fi eld of retina, the 
annual meeting is the North Star, providing 
updates on retina science, clinical practice 
and surgery, as well as the sharing of expert 
perspectives and ideas. 

“It is a highly anticipated annual forum for 
the exchange of ideas, information and learn-

ing opportunities related to ‘all things retina,” 
she said. “The meeting is also known for great 
comradery, where old friends and their fami-
lies come to reconnect and make new friends. 
With many of us having been isolated in our 
own silos over the past year and a half, this 
year’s meeting will be more important than 
ever.” 

The event will kick off  with a welcome 
reception from 7 to 10 PM Friday, October 8.

Saturday, October 9
Sessions will kick off  with opening comments 
from Program Chairwoman Judy Kim at 8 AM. 

The Diabetic Retinopathy 1 Symposium 
will be held from 8:05 to 9:30 AM. After a short 
break, the Diabetic Retinopathy 2 Symposium 
will be held from 10:10 to 11:55 AM.

ASRS preview



31OphthalmologyTimes.com SepTember 15, 2021 

Se
an

Pa
vo

ne
Ph

ot
o,

 S
ea

nP
av

on
eP

ho
to

, H
ay

dn
 @

st
oc

k.
ad

ob
e.

co
m

morning sessions also include 
a Socioeconomic/Practice 
Management Symposium from 
8:40 to 9:35 AM, followed by a 
COVID-19 Symposium from 
9:35 to 10:10 AM. 

Sessions also include Retina 
PractiCare 2.0 at 10:50 AM and 
Health Policy Panel at 10:55 AM. 

The 2021 Awards Ceremony 
will kick off at 11:10 AM. 

Sunday afternoon sessions 
include PAT Survey and Global 
Trends at 1:35 PM and the Surgi-
cal Techniques and Maneuvers 
Symposium at 1:50 PM. The 
Imaging, Digital, Angiography 
Symposium will be held at 3:45 
PM, followed by the WinR Case 
Conference at 5:15 PM.

Monday, October 11
Sessions kick off with the Wet 
AMD 1 Symposium at 8 AM and 
Dry AMD Symposium at 10:10 
AM. The Wet AMD 2 Symposium 
will begin at 11:05 AM.

A Macular Surgery Sympo-
sium will be held at 1:40 PM, with 
afternoon sessions also including 
an Ocular Oncology Symposium 
at 3:25 PM, Instrumentation and 
Devices Symposium at 3:55 PM, 
and an AMD Panel at 4:25 PM. 
The ASRS Gala Dinner will be 
held from 7 to 10 PM.

Tuesday, October 12
Tuesday’s Retinal Detachment 
Symposium will start at 8 AM, 
followed by a Retinal Vascular 
Disease Symposium at 10:10 AM 
and Late Breakers at 11:15 AM. 
Kim will offer closing remarks at 
11:35 AM.

Pandemic’s impact
Kim noted that in light of the 
current COVID-19 environment, 
the ASRS is deeply committed 
to providing a safe, healthy and 

enjoyable environment for all 
attendees.  

According to Kim, attendees 
have the option of in-person or 
virtual attendance. For in-person 
attendees, the all-inclusive JW 
Marriott Hill Country Resort and 
Spa will help maximize safety 
with expansive meeting spaces 
for social distancing, hand 
sanitizing stations and outdoor 
events whenever possible. 

"The society will be the main 
meeting in residence, with the 
hotel occupied largely by meet-
ing attendees, offering additional 
safety,” she said. “The hotel and 
ASRS are following all CDC 
COVID-19 guidelines." 

Similarly, out of an abundance 
of caution, ASRS is requiring 
meeting participants to comply 
with all applicable regulations 
imposed by federal, state and/
or local health authorities and 
government mandates. ASRS 
COVID-19 Safety and Health 
Protocols also mandate that all 
meeting attendees be vacci-
nated. Kim said the ASRS will 
accept proof of vaccination with 
US or internationally approved 
vaccines. 

"This is an exciting time in ret-
ina with many pivotal ongoing 
clinical trials and critical discus-
sions of new therapeutic options 
and the effects of the pandemic 
on our practices," Kim said. 
"Attendees can be sure that our 
program will offer a robust array 
of excellent scientific papers, 
insightful panel discussions, 
posters, papers on demand and 
films showcasing everything 
from practical pearls to ground-
breaking scientific developments 
and innovations."

For more information on the 
ASRS 2021 annual meeting, visit 
www.asrs.org/annual-meeting. 

ASRS preview
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Things You Should Know About Dry Eye 
Disease and the Role of the Tear Film

To learn more about this topic, including emerging 
therapies for dry eye disease, go to gotoper.com/online-
cme-activities/clinical-consultations/cc-dryeye21disease
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Upon successful completion of this activity, you should be better prepared to:

• Assess the role of tear fi lm stability within dry eye disease (DED) 
pathophysiology, diagnosis, and as a target for treatment options

• Evaluate mechanisms, effi cacy, and safety data for emerging mechanical and 
pharmacological treatments which target tear fi lm homeostasis

• Recognize the impact of increased digital device use in the COVID-19 
pandemic on the prevalence of DED 
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A
lthough dry eye disease (DED) is among the most common 
eye diseases around the world, its impact on the well-being 
of patients is o� en underestimated. DED represents a change 
in the precorneal tear � lm consistency and dynamics.1 Two 

factors associated with the COVID-19 pandemic—increased use of video 
display terminals and mask wearing—have led to new-onset or wors-
ening of DED cases.2 Early and accurate diagnosis of DED can lead to 
prompt treatment and improve the short- and long-term e� ects of this 
condition. In addition, novel therapies targeting di� erent aspects of DED 
are emerging. Here are 3 things you should know about DED and how to 
treat it.

1 The prevalence of DED increased 
during the COVID-19 pandemic.

� e pandemic of COVID-19 led to a series of contain-
ment measures including lockdowns, mass quaran-

tines, and curfews to limit spread of COVID-19. � e increase in remote 
schooling and working exposed many individuals to greater use of visual 
display terminals. Increased screen time is associated with prolonged 
intervals between blinks, which results in excessive evaporation of tear 
� uid.2 Studies have shown that the average number of blinks decreases 
from about 18 per minute in normal conditions to 3 or 4 per minute 
while watching a screen.3 Moreover, blinking while screen watching is 
not as forceful or complete.

A second factor associated with an increased risk for DED is the wide-
spread use of face masks during the pandemic, leading to a new syndrome: 
mask-associated dry eye (MADE). Improperly � tted or displaced face 
masks can drive exhaled air toward the eyes, causing rapid evaporation of 
tears, similar to the e� ects of continuous positive airway pressure.4

2 Tear fi lm instability may lead to 
infl ammation and eye surface 
damage.

DED includes 2 major forms, although many hybrid 
forms exist.5 Aqueous-de� cient dry eye is due to reduced lacrimal secre-
tion. It occurs when water evaporates at a normal rate in the presence of 
a reduced tear � ow. In evaporative dry eye (EDE), tear hyperosmolarity 
results from excessive evaporation in the presence of normal lacrimal 
secretory function. Tear � lm instability is a key component of EDE; it is 
caused by changes in lipid layer function and quantity, quality, and avail-
ability of tear � uid.6 It is an important cause of symptoms and possibly is 
one of the main sources of anatomical and functional epithelial changes 
that initiates in� ammation. 

A second important factor is the function of transmembrane and secre-
tory mucins. Gel-forming and cell surface–associated mucins facilitate the 
contact between tear � uid and epithelial cells, o� ering protection against 
allergens, pathogens, extracellular molecules, abrasive stress, and drying. 

� ey are negatively a� ected by tear � lm instability.7 Epithelial malfunction 
caused by friction, environmental factors, ocular surface irritation, or 
nerve impairment can lead to further injury. � is plays a key role in the 
continued tear � lm instability, the increasing in� ammatory reaction, and 
the reduced protection of nerve endings.8 An intense or prolonged expo-
sure to an in� ammation-provoking stimulus may lead to an immunologic 
adaptive reaction responsible for the chronic form of the disease.

Despite eye discomfort being the most reported complaint of DED, 
diagnosis and subsequent treatment of DED can be challenging because of 
a lack of a single clinical assessment tool and the widely varying symptom-
atology. In addition, patient-reported symptoms frequently do not corre-
spond to observed changes in clinical signs.9,10 Treatment of DED should 
be aimed at restoring the homeostasis of the ocular surface system.11 All 
the factors that maintain the vicious circle of DED in the patient’s clinical 
presentation should be considered and treated simultaneously, if possible.

3 Novel treatments are emerging 
for DED.

� e Tear Film & Ocular Surface Society Dry Eye Work-
shop II (TFOS DEWS II) recommends a stepped process 

for management and treatment across 4 stages of DED.1

❚ Grade 1: Prescribe artifi cial tears and lifestyle modifi cations in patients with mild or 
preclinical DED.

❚ Grades 2 and 3: Add disease-modifying prescription drugs.
❚ Grade 4: Surgical intervention may be needed if previous treatments have failed.

It is important to note that arti� cial tears are not speci� cally designed 
to improve symptoms, but to prevent symptom exacerbation.11 Conse-
quently, tear substitutes should be instilled regularly throughout the day to 
avoid symptom aggravation, rather than on an as-needed basis. Impor-
tantly, some eye drop formulations contain preservatives, which could 
potentially adversely a� ect the ocular surface and induce more symptoms.

Corticosteroids are typically used in the treatment of ocular surface 
in� ammation. Loteprednol etabonate (LE) has a low risk for corticoste-
roid-related adverse e� ects such as elevated intraocular pressure (IOP).12

� e LE ophthalmic suspension 0.25% was recently approved by the United 
States Food and Drug Administration (FDA), becoming the � rst ocular 
corticosteroid treatment for DED, and also the � rst drug indicated for the 

Face masks can be a 
cause of DED or MADE.

Controlling infl ammation is 
fundamental to preventing 
and managing chronic DED.

Artifi cial tears 
may help DED.
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To learn more about this topic, including information on how to 
provide patient-motivating communication on HPV vaccination, 
go to gotoper.com/online-cme-activities/cpc/cpc-fmx20hpv
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Claim Your CME Credit at: 
gotoper.com/go/ot-ded-21CME POST-TEST QUESTIONS

1  In addition to the increased use of visual display terminals during the COVID-19 pandemic leading to less blinking and increased tear fi lm 
evaporation, what other pandemic-related factor has affected the ocular surface?

A. Increased coughing reduces tear production
B. Increased exposure to air humidifi ers reduces tear production

C. Improperly fi tted masks may cause rapid tear evaporation 
D. Increased time indoors may cause increased tear evaporation

2  Which of the following is the most common complaint related to DED?

A. Eye discomfort
B. Blurry vision 

C. Eye redness
D. Watery tearing 

3  A nasal spray including varenicline is being investigated in clinical trials. It stimulates the lacrimal functional unit to encourage the secretion of a complete 
tear fi lm by targeting which type of receptors on the trigeminal nerve?

A. β-Adrenoreceptors
B. Muscarinic cholinergic 

C. Nicotinic acetylcholine
D. Histamine H1

KEY REFERENCES
1. Craig JP, Nichols KK, Akpek EK, et al. TFOS DEWS II defi nition and classifi cation report. Ocul Surf. 2017;15(3):276-283. doi:10.1016/j.jtos.2017.05.008
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2021;105(4):446-453. doi:10.1136/bjophthalmol-2019-315747

short-term treatment of DED. In the STRIDE 3 trial 
(NCT03616899) comparing the agent to vehicle, ocular 
discomfort scores were signi� cantly improved by day 
15 in both the intent-to-treat group and in a pre-
de� ned subgroup with more severe ocular discomfort 

at baseline.13 A recent pooled analysis of one phase 2 
and three phase 3 randomized trials of similar design 
found that LE was safe and well tolerated when dosed 4 
times a day for 2 to 4 weeks in patients with DED.14

A drug currently in development for potential 

use in DED is varenicline. Used as a nasal spray, this 
nicotinic acetylcholine receptor agonist stimulates the 
trigeminal parasympathetic pathway via nerves in the 
nasal mucosa to increase tear production.15 � e results 
of phase 2 and 3 studies showed statistically signi� cant 
improvements in the Schirmer scores (measure of tear 
� lm production) of patients treated with varenicline 
compared with those treated with placebo. Studies also 
showed an improvement in eye dryness score and that 
the drug was well tolerated; a common adverse e� ect 
noted was mild, transient sneezing. � e new drug ap-
plication for varenicline nasal spray for the treatment 
of DED was � led with the FDA in March 2021, and a 
response is expected by October.15

For a full list of references go to gotoper.com/go/ot-ded-21
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“Artifi cial tears are lubricants with an aqueous base, whereas by 
stimulating the trigeminal nerve pathway, we are triggering the 
production of complete tears, which are composed of much more 
than lipid and water; they also include electrolytes, proteins, 
and mucins.”   

—Cynthia Matossian, MD, FACS

https://www.gotoper.com/online-cme-activities/clinical-consultations/cc-dryeye21disease
https://gotoper.com/go/ot-ded-21
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Focused Medical Billing is a full service medical billing firm 
servicing all specialties of Ophthalmology. With our firm our 
focus is to maximize our client’s revenue and dramatically 
decrease denials by utilizing 30 years of Ophthalmology 
billing/coding experience and expertise. Our firm provides 
accurate clean claim submissions on first submissions with 
relentless A/R follow up to obtain a 98% collection rate that 
so many of our clients enjoy.

Services Include:
  Expert Coders: Billing to Primary, Secondary & Tertiary 
insurance companies

  A/R Clean Up and analysis
  Patient Billing
  Posting of all Explanation of benefits
  Credentialing & Re-Credentialing
  Eligibility
  Fee Schedule Analysis
  Monthly Reports
  No long term commitment or contract required
  100% HIPAA Compliant
  Stellar letters of reference

 
Call us today for your free, no obligation consultation

“You’re focused on your patients, we’re focused on you”

Ph: 855-EYE-BILL ext. 802
Email: amay@focusedmedicalbilling.com

Web: www.focusedmedicalbilling.com

America’s leading ophthalmology billers for over twenty 
years and counting!

ü 100% onshore, full-service medical billing by certified 
ophthalmology technicians and coders

ü Proficiency in 35+practice management and erm systems
ü Long-standing relationships with insurance companies
ü Executive consultants of the AAO
ü Credentialing services
ü Practice consulting and forensic billing services to 

maximize office efficiencies and increase revenues
ü Offices in New York and Florida

Telehealth and MIPS expertise to maintain 
practice profitability.
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careers: pennsylvania

careers: south dakota

SSaannffoorrdd  EEyyee  CCeenntteerr  is seeking a BC/BE Ophthalmologist to add to its current group of 4 
ophthalmologists and 5 optometrists, with one physician focusing on pediatric patients.

 Ideal candidate would be a comprehensive ophthalmologist with fellowship training in glaucoma

 Call is 1:4

 Competitive compensation and comprehensive benefit package

 Excellent retention incentive & relocation allowance

Sioux Falls is one of the fastest growing areas in the Midwest. As the largest city in the state, it 
balances an excellent quality of life and strong economy with a safe, clean living environment. The 
cost of living is competitive and South Dakota has no state income tax. Sioux Falls offers amenities 
of a community twice its size such as fine dining, shopping, arts, sports and nightlife.
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Contact me today to place your ad.

Reach your target audience.

Joanna Shippoli
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For more information, scan, 
call 888.422.7313, or email
infoUSA@icare-world.com
www.icare-world.com/USA

COMPASS, DRS, DRSplus, EIDON, EIDON AF, EIDON FA, MAIA are devices manufactured by Centervue Spa. IC200, IC100, HOME, TA01i are devices manufactured by iCare. iCare is a registered trademark of ICARE FINLAND OY. 
CENTERVUE S.P.A., ICARE USA INC. and ICARE FINLAND OY are parts of REVENIO GROUP and represent the brand iCare.

Visit Vision
Expo West

Booth F5043 
for show 
specials!
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